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PREFACE  TO  THE  19th  EDITION 

THE  nineteenth  edition  of  the  HEATING,  VENTILATING,  AIR  CON- 
DITIONING GUIDE  has  been  prepared  to  provide  readers  with  recent, 
authoritative  and  useful  information.  In  accordance  with  established 
policy,  a  considerable  part  of  the  text  material  has  been  reviewed  or 
rewritten  by  authors  who  were  selected  by  the  Guide  Publication  Com- 
mittee because  they  were  acknowledged  authorities  on  the  subjects 
covered.  Much  old  material  has  been  retained  and  that  covering  new 
developments  has  been  added. 

The  number  of  chapters  is  the 'same  as  for  the  previous  edition  but 
there  has  been  some  rearrangement  of  material.  Chapter  23,  Cooling, 
Dehumidification  and  Dehydration,  and  Chapter  24,  Refrigeration  are 
new  chapters  containing  material  formerly  in  the  old  chapters  on  Refrig- 
erants and  Air  Drying  Agents,  and  Cooling  and  Dehumidification  Methods, 
plus  a  considerable  amount  of  new  information.  The  chapters  have  also 
been  rearranged  and  grouped  into  seven  sections  as  will  be  noted  on  the 
Contents  page.  This  has  been  done  to  make  a  more  logical  arrangement 
and  to  better  correlate  the  Technical  Data  Section  and  the  Catalog  Data 
Section.  It  has  required  revision  of  the  numbering  by  which  some  of  the 
first  chapters  have  been  known  for  several  years  but  the  advantages  of 
the  change  appeared  to  be  justified. 

In  all,  twenty-one  chapters  have  been  reviewed  or  rewritten  this  year 
and  minor  changes  ha,ve  been  made  in  other  chapters.  Chapter  1, 
Thermodynamics  of  Air  and  Water  Mixtures,  is  entirely  new.  It  is 
based  on  the  most  recent  information  available  on  the  subject.  Since  the 
treatment  is  new,  it  is  given  in  greater  detail  than  is  customary  in  the 
GUIDE,  for  the  benefit  of  readers  who  may  wish  to  follow  such  a  detailed 
discussion.  A  new  chart,  Mollier  Diagram  for  Moist  Air,  is  presented  for 
use  in  analyzing  air  conditioning  processes.  It  is  printed  with  the 
Bulkeley  Psychrometric  Chart  and  will  be  found  in  the  pocket  on  the 
inside  back  cover.  The  steam  table  in  Chapter  1  has  been  enlarged  to 
include  a  temperature  table  covering  the  range  needed  for  most  airs  con- 
ditioning problems.  *  - 

The  chapter  on  Heat  Transmission  Coefficients  and  Tables  contains 
some  new  data  developed  by  recent  research  investigations.  The  table 
of  climatic  conditions  in  Chapter  5,  Heating  Load,  has  been  enlarged  by 
adding  a  column  of  recommended  design  temperatures.  In  Chapter  6 
on  Cooling  Load  will  be  found  new  data  on  solar  heat  transmission  through 
walls,  roofs  and  glass  blocks  resulting  from  investigations  made  by  the 
A.S.H.V.E.  Research  Laboratory.  Curves  showing  measured  heat  flow 
into  structures  replace  the  theoretical  analysis  given  in  previous  editions. 
The  new  data  on  walls  and  roofs  result  in  a  reduction  in  the  calculated 
cooling  load. 

New  material  'on  cooling  towers  is  included  in  Chapter  26,  Spray 
Equipment.  The  chapters  on  Air  Duct  Design,  Sound  Control  and 


AutcSmattic  C6iitrol»ha^  be<M  ^elvHtten.  The  old  chapter  on  Railway 
Air  Gdrfdftibhfng^has  bVerf  rewritten  and  is  now  called  Transportation  Air 
Conditi©iiia&.  Iiffor«fna!-Ef(|i3r«ojTefrj.ises  and  automobiles  has  been  added 
ana"rei©resn£$s  10  ajr  eoucwioHmg*  or  ships  and  airplanes  are  included.  In 
the  chapter  on  Terminology,  some  of  the  definitions  have  been  revised 
to  make  them  mpr^^act  and  a  table  of  specific  heats  has  been  added. 
Other  chapters  T$Hieri*have  been  reviewed  and  revised  are  as  follows: 
Chimneys  and  Draft  Calculations,  Automatic  Fuel  Burning  Equipment, 
Heat  and  Fuel  Utilization,  Central  Systems  for  Comfort  Air  Conditioning, 
Fans,  Air  Distribution,  Air  Conditioning  in  the  Treatment  of  Disease, 
Industrial  Air  Conditioning  and  Electric  Heating. 

The  Committee  is  appreciative  of  the  response  of  the  membership  to 
the  request  which  it  made  for  suggestions  for  the  GUIDE.  Many  valuable 
and  useful  ideas  were  received.  All  were  carefully  considered  and  as  many 
as  possible  were  incorporated  in  this  edition. 

The  text  is  made  up  of  the  contributions  of  many  individuals  over  a 
period  of  years.  To  those  who  have  contributed  to  previous  editions  the 
material  which  makes  up  tne  greater  part  of  the  Technical  Data  Section, 
the  Committee  acknowledges  its  indebtedness.  Thanks  is  particularly 
due  to  the  following  who  have  contributed  the  new  material  which 
appears  in  this  edition : 

F.  R.  BICHOWSKY  R.  E.  GOULD  W.  G.  SCHLICHTING 

L.  M.  K.  BOELTER  W.  A.  GRANT  E.  L.  SCHULZ 

C.  J.  BRAATZ  F.  C.  HOUGHTEN  ERNEST  SZEKELY 

R.  M.  CONNER  A.  D.  MARSTON  H.  F.  TAPP 

M.  B.  FERDERBER  F.  C.  MC!NTOSH  WALLACE  WATERFALL 

PETER  FRANCE  ARVIN  PAGE  E.  C.  WEBB 

M.  C.  GIANNINI  HALE  J.  SABINE  E.  R.  WOLFERT 

JOHN  A.  GOFF  W.  M.  SAWDON  WILLIAM  M.  WALLACE,  II 

The  Committee  on  Research,  the  A.S.H.V.E.  Research  Laboratory 
and  several  others  have  been  particularly  helpful.  They  have  provided 
much  new  and  needed  information.  Technical  papers  presented  before 
the  Society  have  also  been  the  source  of  useful  material. 

To  all  of  those  who  have  reviewed  material,  contributed  advice  and 
suggestions  and  who  have  assisted  in  many  ways  in  the  preparation  of 
this  edition,  the  Guide  Publication  Committee  extends  its  thanks. 

An  important  part  of  the  GUIDE  is  the  Catalog  Data  Section.  Much 
useful  information  has  been  supplied  by  the  various  manufacturers  and 
readers  will  be  well  repaid  by  a  careful  examination  of  this  section. 
Equipment  has  been  grouped  in  sub-divisions  for  convenience  in  locating 
data  about  a  particular  type  of  equipment. 

The  most  recent  and  reliable  data  available  have  been  used  in  this 
edition  and  it  covers  the  latest  developments  in  the  field  of  heating, 
ventilating  and  air  conditioning.  The  Committee  hopes  that  the  many 
readers  will  find  it  informative  and  useful. 

GUIDE  PUBLICATION  COMMITTEE 

S.  S.  SANFORD,  Chairman 

P.  D.  CLOSE  A.  J.  OFFNER 

C.  M.  HUMPHREYS  M.  F.  RATHER 

JOHN  JAMES,  Technical  Secretary 
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CODE  of  ETHICS  for  ENGINEERS 

ENGINEERING  work  has  become  an  increasingly  important  factor 
in  the  progress  of  civilization  and  in  the  welfare  of  the  community. 
The  engineering  profession  is  held  responsible  for  the  planning,  construc- 
tion and  operation  of  such  work  and  is  entitled  to  the  position  and 
authority  which  will  enable  it  to  discharge  this  responsibility  and  to 
render  effective  service  to  humanity. 

That  the  dignity  of  their  chosen  profession  may  be  maintained,  it  is 
the  duty  of  all  engineers  to  conduct  themselves  according  to  the  principles 
of  the  following  Code  of  Ethics: 


1— The  engineer  will  carry  on  his  professional  work  in  a  spirit  of  fairness 
to  employees  and  contractors,  fidelity  to  clients  and  employers,  loyalty 
to  his  country  and  devotion  to  high  ideals  of  courtesy  and  personal 
honor. 

2 — He  will  refrain  from  associating  himself  with  or  allowing  the  use  of  his 
name  by  an  enterprise  of  questionable  character. 

3 — He  will  advertise  only  in  a  dignified  manner,  being  careful  to  avoid 
misleading  statements. 

4 — He  will  regard  as  confidential  any  information  obtained  by  him  as  to 
the  business  affairs  and  technical  methods  or  processes  of  a  client  or 
employer. 

5 — He  will  inform  a  client  or  employer  of  any  business  connections,  in- 
terests or  affiliations  which  might  influence  his  judgment  or  impair  the 
disinterested  quality  of  his  services. 

6 — He  will  refrain  from  using  any  improper  or  questionable  methods  of 
soliciting  professional  work  and  will  decline  to  pay  or  to  accept  com- 
missions for  securing  such  work. 

7 — He  will  accept  compensation,  financial  or  otherwise,  for  a  particular 
service,  from  one  source  only,  except  with  the  full  knowledge  and 
consent  of  all  interested  parties. 

8 — He  will  not  use  unfair  means  to  win  professional  advancement  or  to 
injure  the  chances  of  another  engineer  to  secure  and  hold  employment. 

9 — He  will  cooperate  in  upbuilding  the  engineering  profession  by  exchang- 
ing general  information  and  experience  with  his  fellow  engineers  and 
students  of  engineering  and  also  by  contributing  to  work  of  engineering 
societies,  schools  of  applied  science  and  the  technical  press. 

10— He  will  interest  himself  in  the  public  welfare  in  behalf  of  which  he  will 
be  ready  to  apply  his  special  knowledge,  skill  and  training  for  the  use 
and  benefit  of  mankind. 
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Abbreviations,  798 

Absolute 

humidity,  791 

pressure,  791 

temperature,  4,  791 

zero,  791 
Absorbents,  427,  430 

process,  430 

temperature,  pressure,  concentration,  431 
Absorption  systems,  454 
Acceleration,  791 
Acclimatization,  52 
Adiabatic,  791 

mixing, 

of  two  air  streams,  29 
with  injected  water,  30 

saturation,  33 

Adjustable  speed  motors,  640 
Adsorbents,  427 

process,  428 

temperature,  pressure,  concentration,  428 
Agitated  drier,  698 

Air 

change  measurements,  635 
chemical  vitiation  of,  37 
circulation  in  drying,  703 
classification  of  impurities,  525 

dust  concentrations,  528 
cleaner,  791 
cleaning  devices,  533 

classification  of,  536 

requirements,  534 

testing,  535 
combustion,  146 
conditioning  processes,  27 
cooled  condensers,  457 
currents,  633 
dehumidification,  506 
distribution,  363,  557 

balancing  system,  570 

for  cooling,  380 


Air  (continued) 

definitions,  557 

factors  in  room  cooling,  562 

factors  in  room  heating,  564 

for  furnace  systems,  363 

for  heating,  379 

railway  car,  666 

standards  for,  559 
duct  design,  571 
dust  concentrations,  528 
excess,  147 
filter 

railway  car,  667 
flow  resistance  of  coils,  483 
infiltration,  101 

nature  of,  101 

through  walls,  102 
leakage,  101 
moist,  8 

movement,  influence  of,  65 
movement,  measurement  of,  631 
physical  impurities  in,  40 
pollution,  525,  528 

abatement,  530 
saturated,  9,  796 
secondary,  148 
space  conductance,  73 
standard,  796 
sterilization  of,  656 
supply  opening  noise,  564 
thermodynamics  of,  1 
washers,  501,  540,  791 

Air  conditioning,  791 

automobiles  in  summer,  670 
central  system  for  comfort,  373 
comfort,  792 
in  hospitals,  664 
industrial,  673 

atmospheric  conditions  required,  673 

calculations,  682 

classification  of  problems,  676 

general  requirements,  676 
passenger  bus  in  summer,  669 
railway  passenger  car  in  summer,  667 
railway  passenger  car  in  winter,  667 
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Air  Conditioning  (continued) 

relation  to  metabolism,  49 

transportation,  665 

in  treatment  of  disease,  653 
high  temperature  hazards,  660 

unit,  407 
Allergic  disorders,  661 

apparatus,  661 

asthma  symptoms,  661 

hay  fever  symptons,  661 

limitations  of  air  conditioning  methods,  662 
Alternating  current  motors,  641 
Aluminum  oxide,  427 
Ammonia,  444 
Anemometer,  791 

deflecting  vane,  633 

propelling,  634 

revolving  vane,  634 
Anthracite  coal,  153 

firing  methods,  154 
Areas  of  circles,  808 
Aspect  ratio,  558 
Asthma  symptoms,  661 

Atmospheric 

conditions  for  industrial  processes,  673 

pressure,  791 

water  cooling  equipment,  507 

make-up  water,  523 

sizes,  511 

winter  freezing,  524 
Atomizing  humidifiers,  505 

Attic 

fans,  423 
costs,  424 
location,  424 
types,  424 

Automatic  controls,  365,  603  (see  Controls) 

purpose  of,  603 

types  of,  604 

Automobile  air  conditioning,  670 
Axial  now  fans,  543 


Baffle,  791 

Barometer,  629 
Biochemical  reactions, 

control  of  rate  of,  680 
Bituminous  coal,  154 

firing  methods,  156 
Black  body, 

conditions,  728 

radiation,  765 
Blast,  791 
Body 

adaptation  to  cold  conditions,  47 

adaptation  to  hot  conditions,  45 

thermal  interchanges,  41 

Boiler,  boilers,  791 
capacity  for  unit  heaters,  393 
cast-iron,  221 
cleaning  steam,  236 
connections,  234,  280 

Hartford  return,  280 

return,  280 

steam,  280 


Boiler  (continued) 

sizing,  281 
efficiency,  228 
electric,  753 
erection,  235 
fittings,  234 
furnace  design,  224 
gas-fired,  223 

conversions,  233 

selection  of,  232 
gas-fired  units,  199 
heat  transfer  rates,  226 
heating,  221 

heating  surface,  225,  791 
hot  water  heating  allowance,  788 
hot  water  supply,  224 
insulation,  238 
maintenance,  235 
oil-fired  units,  195 
operation,  235 
output,  227 

physical  limitations  of,  283 
rating  codes,  226 
selection  of,  228 

based  on  heating  surface  andferate  area,  231 

estimated  design  load,  228 

estimated  maximum  load,  228 

gas-fired,  232 

hot  water  supply  load,  229 

performance  curves  for,  230 

piping  tax,  229 

radiation  load,  229 

warming  up  allowance,  230 
space  limitations,  233 
special  heating,  223 
steel,  222 

selection  of,  232 
stoker-fired  units,  188 
testing  codes,  226 
troubles,  236 
Boyle's  law,  4 
British 

equivalent  temperature,  761 
thermal  unit,  791 
Bucket  trap,  265 
Building,  buildings,  107 
condensation,  98 

materials,  heat  transfer  through,  637 
multi-story,  air  leakage,  107 
Bus  air  conditioning,  669 

ventilation,  669 
By-pass,  792 


Calcium  chloride,  430 

Calculated  heat  loss  method,  206 
Calorie,  792 
Calorific  value,  145 
Capacitor  motors,  642 
Carbon  dioxide,  448 
Carbon  monoxide 

measurements,  638 
Ceilings 

high,  114 

Central  air  conditioning  systems,  373,  792 
classification  of,  373 
control,  608 

cooling  load  calculations,  378 
design  conditions,  377 
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Central  air  conditioning  systems  (continued) 

design  of,  376 

example  calculated,  385 

heating  load  calculations,  377 

reheating,  376 

selection  of  equipment,  382 

zoning,  385 
Centrifugal 

compressors,  449 

fan,  543 

separators,  540 
Charles'  law,  4 

Chart 

area  and  weight  of  rectangularlducts,  589 

Bulkeley  psychrometric,  33 

coal  fuel  burning  rate,  208 

comfort  chart,  54 

determining  economical  thickness" of  insulation, 
746 

effective  temperature,  56 

friction  heads  in  black  iron  pipes,  296 

friction  loss,  574 

gas  fuel  burning  rate,  210 

heat  loss  from  body,  50 

heat  loss  from  insulation  covering,  734, 736,  737 

heating  values  of  fuel  oil,  710 

humidity  in  drying  work,  704 

loss  of  pressure  in  elbows,  577 

Mollier  diagram,  23 

oil  fuel  burning  rate,  209 

permissible  relative  humidities  for  various  trans- 
mission coefficients,  99 

pressure  drop  of  various  water  rates,  777 

psychrometric,  33 

psychrometric  chart,  persons  at  rest,  55 

rectangular  equivalents  of  round  ducts,  575 

solar  intensity,  130 

sound  attenuation  for  various  absorbing  duct 
liners,  599 

well  water  temperatures,  508 
Chemical  laboratory  hoods,  690 
Chemical  reactions,  680 

control  of  rate  of,  680 
Chemical  vitiation  of  air,  37 

Chimney,  chimneys,  165 

characteristics  of,  168 

construction  details,  182 

determining  sizes,  173 

effect,  792 

for  gas  heating,  181 

general  considerations  for  domestic,  180 
Cinders,  531 

Circular  equivalents  of  rectangular  ducts,  576 
Circumference  of  circles,  808 
Classification 

coals,  152 

cokes,  154 

gas,  161 

oils,  159 

stokers,  187 

Climatic  conditions,  116 
Cloth  filters,  541,  694 

Coal,  coals 
anthracite,  153 
bituminous,  154 
classification  of,  152 
dustless  treatment,  159 
estimating  consumption,  218 
fuel  burning  rate  chart,  208 
lignite,  154 
pulverized,  158 


Coefficients  of  transmission,  69,  792 

basements,  98 

of  doors,  97 

of  floors  and  ceilings,  91,  92 

of  frame  construction,  88 

of  glass  block  walls,  97 

of  masonry  partitions,  90 

of  masonry  walls,  84 

of  roofs,  94,  96 

of  skylights,  97 

unheated  rooms,  98 

of  windows,  97 

Coil,  coils 

air  flow  resistance,  483 
applications,  481 
arrangement,  474 
average  effective  temperature,  490 
capacity  problem,  487 
construction,  474 
direct-expansion,  477 
flow  arrangement,  480 
heat  transfer  surface,  473 
heating,  497 
performance,  495 

cooling,  484 

dehumidification,  488 

heating,  484 
selection,  496 

cooling,  498 

dehumidifying,  498 
steam,  476 

submerged  heating,  786 
total  capacity,  489 
water,  476 
Coke 

classification  of,  154 
estimating  consumption,  218 
firing  methods,  158 
Cold  therapy,  660 
Collectors,  693 
cloth  filters,  694 

Combustion,  143,  705 

analysis,  637 

of  gas,  162 

heat  of,  145 

of  oil,  159 

principles  of,  143 
Comfort 

air  conditioning,  792 

line,  792 

zone,  54,  792 

Commercial  oil  burners,  195 
Compartment  driers,  698 
Compound  wound  motors,  639 
Compressor,  compressors,  448 

centrifugal,  449 

reciprocating,  448 

refrigeration,  performance  of,  495 

steam  jet,  451 
Concealed  heaters,  245,  792 

Condensation 

in  buildings,  98 
meters,  317 

return  heating  systems,  256 
return  pumps,  261 
Condensers,  457 
air  cooled,  457 
design  data,  511 
evaporative,  459 
water  cooled,  458 
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Conductance,  70,  792 

air  space,  73,  74 

of  building  materials,  79 

of  insulators,  79 

for  surfaces,  74,  797 
Conduction,  792 

drying  methods,  699 

electric  heaters,  750 

Conductivity,  70,  792 

bat  type  insulation,  81 

building  boards,  82 

building  construction,  82 

building  materials,  79 

homogeneous  materials,  72 

insulating  materials,  735 

insulation  blankets,  81 

insulators,  79 

loose-fill  insulation,  81 

masonry  materials,  79 

plastering  materials,  82 

reflective'  insulation,  74 

rigid  insulation,  82 

roofing  construction,  82 

semi-rigid  insulation,  81 

woods,  83 
Conductor,  792 
Conduits  for  piping,  309 
Constant  speed  motors,  640 

Control,  controls 
all  year  conditioning  units,  621 
automatic,  365,  603 

fuel  appliances,  622 

temperature,  322 
central  fan  systems,  608 

all  year  system,  615 

cooling  cycle,  612 

of  dehydrators,  614 

of  direct  dehumidifiers,  614 

economizer,  617 

heating  cycle,  610 

humidification,  611 

limit,  618 

of  refrigeration,  614 

ventilating,  608 
cooling  units,  620 
dehydrating  equipment,  439 
direct  current  motor,  649 
draft,  167 

electric  heating,  757 
electric  systems,  604 
equipment  for  motors,  647 
gas-burner,  623 
gas-fired  appliances,  203 
humidity,  railway  cars,  668 
"     individual  room,  605 
intermediate,  605 
modulating,  605 
motion  of  equipment,  604 
motor,  639 

multi-speed  motor,  650 
oil  burners,  199,  623 
pilot,  648 

pneumatic  systems,  604 
positive  acting,  605 
of  rate  of  biochemical  reactions,  680 
rate  of  chemical  reactions,  680 
rate  of  crystallization,  681 
refrigeration  equipment,  625 

compressor  type,  625 

ice  cooling,  626 

vacuum  refrigeration,  626 

by  well  water,  626 


Control  (continued) 

of  regain,  676 

residential  systems,  624 

self-contained  systems,  604 

single  phase  motor,  652 

single  thermostat,  606 

slip  ring  motor,  651 

small  buildings,  605 

sound,  591 

squirrel  cage  motor,  649 

static  pressure,  618 

stoker,  191,  624 

two-position  control,  605 

unit  heaters,  619 

unit  systems,  619 

unit  ventilators,  620 

valves,  283 

zone,  606 
Convection,  792 

drying  methods,  699 

heat  transmission,  727 

Convector,  convectors,  792  (see  Gravity  Convenors) 
Conversion  equations,  801 
Coolers,  460 

Cooling,  425 

for  air  conditioning  units,  409 
coil  selection,  498 
cycle  control,  612 
definitions  and  methods,  425 
evaporative,  426 
load,  125 

calculations,  378 
performance  of  coils,  484 
ponds,  513 
residential,  371 
tower  design,  516 
tower  performance,  522 
units,  420 
control,  620 
defrosting,  422 
features  of,  421 
ratings,  422 
types  of,  421 
Cooling  load,  32,  125 
Copper  elbow  equivalents,  298 
Core  area,  557 
Corrosion,  342 

industrial  exhaust  systems,  695 
Crack  length 

used  for  computations,  107 
Crystallization 

control  rate  of,  681 
Cyclones,  540 
Cylinder  drier,  698 


Dairy  barn  ventilation,  725 

Da  Ron's  law,  8 

Damper,  dampers,  364,  557 
back  pressure  control,  619 

Decibel,  591,  792 

Degree  day,  211,792 
formula  for,  method,  212 
unit  fuel  consumptions,  212 

Degree  of  saturation,  19,  792 

Dehumidification,  425,  792 
for  air  conditioning  units,  409 
definitions  and  methods,  425 
control,  614 
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Dehydrating  agents,  427 

absorbent,  427,  430 

adsorbents,  427 
Dehydration,  425,  793 

coil  selection,  498 

controls,  439,  614 

definitions  and  methods,  425 

economic  comparisons,  441 

economics  of,  440 

equipment  auxiliaries,  438 

equipment  performance,  439 

estimating  loads,  437 

liquid  methods,  435 

location  of  equipment,  438 

solid  methods,  434 
Density  of  dry  air,  1,  793 
Dew-point  temperature,  20,  793 
Dicholorodifluoromethane,  446 
Direct  current  motors,  639 

Direct 

expansion  coils,  477 
indirect  heating  unit,  793 
radiator,  793 
return  system,  793 
Disc  fan,  543 

Distribution  of  air,  557  (see  Air  Distribution) 
Distribution  factors 
in  room  cooling,  662 
in  room  heating,  564 
District  heating,  307 
glossary  of  terms,  320 
piping,  307 

conduits  for,  309 
inside,  313 

overhead  distribution,  312 
sizes,  308 
tunnels,  312 
rates,  319 

types  of,  320 
utilization,  321 
Domestic  oil  burners,  192 
Door,  doors 

coefficients  of  transmission,  97 
leakage,  105 

for  natural  ventilation,  719 
Down-feed 
one-pipe  riser,  793 
system,  793 

Draft,  drafts,  151, 165 
calculations,  165 
control,  167 
general  equation,  175 
head,  793 
mechanical,  166 
natural,  165 
regulation,  151 
requirements,  151 

Driers,  699 

adiabatic,  699 

agitated,  698 

compartment,  698 

constant  temperature,  700 

cylinder,  698 

drum,  698 

festoon,  698 

high  temperature,  713 

induction,  698 

power,  698 

rotary,  698 


Driers  (continued} 

spray,  698 

tunnel,  698 

vacuum,  698 
Drip,  drips,  287,  793 
Drum  drier,  698 
Dry  air,  1,  793 

composition,  1 

density,  1 

niters,  539 

specific  enthalpy,  5 

specific  volume,  1 

volume,  20  • 

Dry-bulb  temperature,  793 
Dry  return,  793 

Drying,  679 

combustion,  705 
design,  708 
equipment  for,  703 
estimating  methods,  715 
factors  influencing,  701 
fans  for,  552 
general  rules  for,  702 

air  circulation,  703 

humidity,  702 

temperature,  702 
humidity,  702 
mechanism  of,  700 
methods,  697 

conduction,  699 

convection,  699 

estimating,  715 

radiation,  697 
omissions  in  the  cycle,  700 
radiant,  756 
systems,  697 
ventilation  phase,  711 

Duct,  ducts,  365 

air  velocities  in,  692 
calculating,  lining,  597 
construction  details,  588,  691 
design,  571 
details,  586 

elbow  friction  losses,  577 
friction  losses,  572 
heat  losses  from,  738 
insulation,  727 

measurement  of  velocities,  634 
noise  transmitted  through,  597 
proportioning  the  losses,  580 
recirculating,  349 

rectangular  equivalents  of  round,  575 
resistance,  693 
static  pressure,  384 
symbols  for  drawing,  804,  805 
system  design,  690 
Duct  sizes,  581 
air  velocities,  582 
equal  friction,  583 
general  rules,  581 
main  trunk,  583 
.     velocity  method,  583 

Dust,  531,  793 

concentrations,  528 
damage  caused  by,  534 
determination,  636 
nature's  catcher,  532 
Drawing  symbols,  803 
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Economizer  control,  617 

Effective  temperature  113,  793  (see  Temperature") 

index,  53 
Elbow 

copper  equivalents,  298 
friction  duct  losses,  577 
iron  equivalents,  298 
Electric,  electrical 
boilers,  753 
control  systems,  604 
heaters,  750 
conduction,  750 
gravity  convection,  751 
radiant,  750 
heating,  749 
auxiliary,  757 
calculating  capacities,  757 
central  fan,  752 
control,  757 
definitions,  749 
domestic  water,  755 
elements,  749 
power  problems,  757 
resistors,  750 
hot  water  heating,  754 
panel  heating,  764 
precipitators,  540 
radiant  heating,  764 
resistors,  749 
unit  heaters,  399,  751 
Emissivity,  75,  728 
Enthalpy,  21,  793 

free,  794 
Entropy,  793 

Equivalent  evaporation,  793 
Eupatheoscope,  767 

Evaporative 

condensers,  459  * 

cooling,  426 
Evaporators,  460 
Excess  air,  147 
Exhaust  opening,  557 

measurement  of  velocities,  634 

Exhaust  systems,  683 

classification  of,  683 
cleaning  of  gases  from,  540 
corrosion  protection,  695 
design  procedure,  684 
ducts  for,  690 

air  velocities  in,  692 

construction,  691 

design,  690 

resistance,  693 
efficiency  of,  695 
hoods,  687 

air  flow,  688 

axial  velocity  formula  for,  687 

for  chemical  laboratories,  690 

flexible  exhaust  systems,  690 

large  open,  689 
lateral  exhaust,  689 
spray  booths,  690 

suction  pressure,  686 

velocity  contours,  687 
resistance  of,  694 
selection  of  fans,  695 
selection  of  motors,  695 


Exhaust  systems  (continued) 
suction  requirements,  685 
velocity  requirements,  685 

Expansion 
tanks,  306 
valves,  456 


Fan,  fans,  543 
arrangement  of  drives,  554 
attic,  423 

costs,  424 

location,  424 

types,  424 
axial  flow,  543 
booster,  358 
centrifugal,  543 
characteristic  curves,  545 
designations,  555 
efficiency,  545 
motive  power,  555 
performance,  543 
radial  flow,  543 
selection  of,  550 

for  air  conditioning  systems,  551 

for  conveying,  553 

for  drying,  552 

for  dust  collecting,  553 

for  ventilating  systems,  551 
selection  of,  exhaust  systems,  695 
system  characteristics,  549 
volume  control,  553 
Festoon  drier,  698 
Fever  therapy,  659 

equipment  for  production  of,  659 
Film  conductance,  70 

Filter,  filters,  362 

cloth,  541,  694 

dry  air,  539 

viscous  automatic,  538 

viscous  impingement  type,  536 

viscous  type  unit,  537 
Fittings,  323 

types  of,  332 
Flame,  146 
Float  trap,  265 
Flow  meters,  317 
Fluid  meters,  316 
Force,  794 

Forced-air  heating  systems,  365 
Forced  circulation  pipe  sizes,  292 
Free  enthalpy,  794 
Friction  loss  chart,  573 

Fuel,  fuels,  143 
coal  burning  rate  chart,  208 
gas  burning  rate  chart,  210 
maximum  rate  of  burning,  210 
oil  burning  rate  chart,  209 
unit  consumptions,  212 
utilization,  205 
load  factors,  220 
maximum  demands,  220 
seasonal  efficiency,  220 
Fuel  oil 

carbon  residue,  160 
classification  of,  159 
combustion  of,  159 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


Fuel  oil  (continued} 

grade  of,  160 

heating  value,  710 

maximum  carbon  dioxide  values,  149 

theoretical  air  requirements,  147 

viscosity,  160 
Fumes,  525,  794 
Furnace,  furnaces,  360,  794 

capacity,  351 

casings,  360 

design,  190,  224 

fan,  794 

gas-fired  units,  199 

gravity  systems,  345 

mechanical  systems,  359 

oil-fired  units,  195 

stoker-fired  units,  188 

volume,  159,  794 


Gage,  gages 
draft,  630 
pressure,  630,  794 
Garage  ventilation,  725 
Gas,  gases 
burner  controls,  623 
chimneys  for  heating,  181 
classification  of,  161 
cleaning  of,  540 
centrifugal  separators,  540 
cloth  filters,  541 
cyclones,  540 

gravitational  settling  chambers,  540 
combustion  of,  162 
estimating  consumption,  215 
fuel  burning  rate  chart,  210 
specific  heat,  807 

Gas-fired  appliances,  199 

boilers,  199,  223 
combustion  process,  202 
controls,  203 
conversion  burners,  202 
furnaces,  199 

measurement  of  efficiency  of  combustion,  202 
ratings  for,  203 
sizing  heating  plants,  203 
space  heaters,  201 
Gaseous  fuels 
classification  of,  161 
combustion  of,  162 
flame  temperature,  162 
maximum  carbon  dioxide  values  £149 
products  of  combustion,  162 
properties  of,  162 
specific  gravity,  162 
theoretical  air  requirements,  147 

Glass 

solar  heat  transmitted,  132 
Glass  blocks 

coefficients  of  transmission,  97 

heat  gain  through,  135 
Globe  thermometer,  68,  637,  768 
Graphical  symbols  for  drawing,  803 

duct  work,  804,  805 

heating,  806 

piping,  803 

ventilating,  806 
Grate  area,  794 


Gravity  convectors,  239 

codes,  247 

concealed,  245 

electric  heaters,  751 

heat  emission  of,  239 

heating  up,  243 

selection,  246 
Gravity  furnace  systems,  345,  794 

capacity,  351 

design  procedure,  345 

leader  sizes,  346 

proportioning  wall  stacks,  348 

recirculating  ducts,  349 

recirculating  grilles,  349 

register  selections,  349 

return  connection,  351 

typical  design,  355 

warm  air,  345 

Grille,  grilles,  557  (see  Registers) 

locations,  558 

for  mechanical  furnace  systems,  363 

noises,  564 

railway  car,  666 

recirculating,  349 

types  of,  569 
Guarded  hot  plate,  637 
Gun  type  oil  burners,  193 


Hay  fever  symptons,  661 

Health,  528 

Heat,  205,  794 
auxiliary  sources,  119 
coefficients,  69 

by  convection,  727 

by  radiation,  727 
of  combustion,  145 
emission  of  appliances,  136 
emission  of  occupants,  135 
flow  through  roofs,  131 
flow  through  walls,  131 
generated  by  motors,  137 
humid,  794 

infiltration  equivalent,  109 
introduced  by  outside  air,  136 
latent,  loss,  109 
of  the  liquid,  794 

losses 

from  bare  pipes,  732 

control  of,  759 

from  ducta,  738 

from  insulated  pipes,  736 
mechanical  equivalent  of,  795 
methods  of,  transfer,  69 
production,  rate  of,  760 
removal,  natural  ventilation,  722 
residence,  loss  problems,  121 
sensible,  796 
sensible,  loss,  109 
total,  797 
transfer,  473,  483,  492 

boiler  rates,  226 

through  building  materials,  637 

overall  coefficient  of,  484,  492 

surface  coils,  473 
transmission,  727 
Heat  exchange 
measurement  of,  637 
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Heat  gain,  125 

appliances,  136 
components  of,  125 
electrical  heating  equipment,  138 
gas  burning  equipment,  138 
glass,  132 

through  glass  blocks,  135 
insulated  cold  pipes,  742 
for  insulated  ducts,  743 
for  insulated  pipes,  743 
latent,  127 
light,  137 
occupants,  135 
outside  air,  136 
people,  135 
roof,  127 
sensible,  127 

steam  heated  equipment,  138 
unit,  390 

from  various  sources,  138 
wall,  127 
Heater,  heaters, 
electric,  750 
water,  785 

Heating, 

for  air  conditioning  units,  408 
boilers,  221 

surface,  791 
boiler  surface,  225 
coil  selection,  497 
cycle  control,  610 
district,  307 

domestic  water  by  electricity,  755 
electric,  749 

hot  water,  754 
extended  surface,  793 
load,  111 

calculations,  377 
performance  of  coils,  484 
physiological  objectives  of,  60 
radiant,  759  (see  Radiant  Heating) 
steam  systems,  249 

vapor,  797 
surface,  794 

prime,  796 

square  foot  of,  796 
symbols  for  drawing,  806 
vacuum  systems,  797 
warm  air,  system,  345,  359,  798 
water,  769 

High  duty  humidifiers,  506 
Hood,  hoods,  687 
Horsepower, 
boiler,  792 

Hospital,  hospitals, 
air  conditioning  in,  664 
noise  level,  593 
operating  rooms,  653 

air  conditions,  655 

reducing  explosion  hazard,  653 

sterilization  of  air,  656 

ventilation  requirements,  656 
plumbing  fixture  water  demand,  789 

Hot  water, 

boiler  allowances,  788 
boiler  supply  load,  229 
consumption  in  buildings,  789 
demand  for  fixtures,  789 
electric  heating,  754 
estimating  demand  by  fixtures,  790 
panel  heating,  762 


Hot  water  (continued) 
radiant  heating,  762 
storage  capacity,  788 
storage  tanks,  784 
supply  boilers,  224 
supply  systems,  780,  783 

Hot  water  heating  systems,  291,  794 

direct  return  system,  292 

elbow  equivalents,  298 

friction  heads,  296 

gravity  pressure  heads,  300 

installation  details,  306 

mechanical  circulators,  292 

orifice  friction  heads,  302 

pipe  sizes,  292 

reversed  return  system,  292 

systems  of  piping,  291 
Hot-wire  anemometer,  68,  633 
Human  body 

adaptation,  42 

to  cold  conditions,  47 
to  hot  conditions,  45 

heat  emission,  135 

heat  gain,  135 

odors,  38 

temperature,  41 

weight  loss,  46 

zone  of  body  cooling,  43 

zone  of  evaporative  regulation,  42 
Humid  heat,  794 
Humidification,  503 

control,  611 

for  mechanical  furnace  systems,  369 
residence  requirements,  370 

Humidifier,  humidifiers 

atomizing,  505 

high  duty,  506 

spray,  506 

units,  405 
Humidify,  794 
Humidistat,  794 
Humidity,  794 

absolute,  791 

chart  for  drying  work,  704 

for  drying,  702 

influence  of,  64 

measurement  of,  636 

nurseries  for  premature  infants,  658 

permissible  relative,  99 

ratio,  9,  794 

relative,  19,  792 
Hygrostat,  794 


Ice 

systems,  466 
Impulse  trap,  266 
Inch  of  water,  795 
Induction  drier,  698 

Industrial, 

air  conditioning  673 

exhaust  systems,  683  (see  Exhaust  Systems') 
processes,  673 

humidities  for  processing,  674 
temperatures  for  processing,  674 
Industrial  buildings 
hot  water  consumption,  789 
noise  level,  593 
plumbing  fixture  demand,  789 
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Infiltration 

heat  equivalent,  109 

nature  of  air,  101 

through  walls,  102 
Inside  temperature,  113 
Instruments,  627 

Insulation,  795 

boiler,  238 

duct,  727 

low  temperature,  741 

pipe,  727 

economical  thickness  of,  745 
to  prevent  freezing,  744 
underground,  747 

Intermittently  heated  buildings,  119 
Interstitial  condensation,  98 
lonization,  40 
Iron  elbow  equivalents,  298 
Isobaric,  795 
Isothermal,  795 


J-K-L 

Kata- thermometer,  633 
Latent  heat,  795 

loss,  109 

Laws  of  thermodynamics,  795 
Leakage  of  air,  101 
Light  heat  gain,  137 
Lignite,  154 
Liquid 

adsorbents,  430 

heat  of,  794 
Lithium  chloride,  430 
Load 

cooling,  32,  125 

design,  793 

heating,  111 

maximum,  793 
Loudness,  565 

level,  592 


M 

Manometer,  795 

Massf  795 

Mb,  795 

Mbh,  795 

Mean  radiant  temperature,  764 

Mechanical 

equivalent  of  heat,  795 
circulators,  292 
draft,  166 

towers,  516 
furnace  systems,  359 

air  distribution,  363 

cooling  methods,  371 

dampers,  364 

ducts,  365 

fans,  362 

niters,  362 

heavy  duty,  369 

methods  of  design,  365 

motors,  362 

sound  control,  362 
refrigeration,  443 
stokers,  183 


Meter,  meters 

condensation,  317 

differential,  316 

flow,  317 

fluid,  316 

Nicholls'  heat,  637 

orifice,  317 

plug,  317 

positive,  316 

sound  level,  592 

vacuum  condensation,  318 

Venturi,  632 

water  disc,  775 
Methyl  chloride,  447 
Micromanometers,  631 
Micron,  795 
Microphone,  592 
Moist  air,  8 

saturation,  9 

volume,  20 
Moisture,  701 

content,  677 

regain,  677 
Mol,  795 
Mollier  diagram,  23 

border  scale,  31 
Monofluorotrichloromethane,  450 

Motor,  motors,  639 

adjustable  speed,  640 

alternating  current,  641 

capacitor  type,  642 

compound  wound,  639 

constant  speed,  640 

control  equipment  for,  647 

direct  current,  639 

electric,  119 

heat  generated  by,  137 

polyphase,  643 

repulsion  induction,  642 

selection  of,  exhaust  systems,  695 

series  wound,  639 

shunt  wound,  639 

single  phase,  642 

speed  characteristics,  640 

split  phase,  643 

squirrel  cage  induction,  643 
Mouth  spray  infection,  39 
Multiple  blade  fans,  552 


N 

Natural  draft,  165 

towers,  515 

Natural  ventilation,  717 
air  flow  measurement,  724 
general  rules,  723 
heat  removal,  722 

Noise,  noises 
acceptable  levels,  593 
air  supply  opening,  564 
apparatus  for  measuring,  592 
through  building  construction,  595 
control  through  room  wall  surfaces,  596 
created  by  equipment,  594 
estimating  required  reductions,  599 
kinds  of,  594 
predicting  levels,  600 
transmitted  through  ducts,  597 
unit  of  measurement,  591 
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Nurseries  for  premature  infants,  657 
air  conditioning  equipment,  658 
air  conditioning  requirements,  657 


Occlusion  of  solar  radiation,  530 

Odors,  38 

human  body,  38 
Oil,  oils 

classification  of,  159 

combustion  of,  159 

estimating  consumption,  216 

fuel  burning  rate  chart,  209 

Oil  burners,  192 

boiler  settings,  196 

combustion  adjustments,  198 

combustion  process,  196 

commercial,  195 

controls,  199,  623 

domestic,  192 

furnace  design,  197 

measurement  of  efficiency  of  combustion,  198 

mechanical  draft,  194 

operating  requirements,  194 
One-pipe  supply  riser,  795 
One-pipe  system 

gravity  air-vent,  274 
notes  on,  277 

hot  water,  795 

steam,  795 

Openings 

types  of,  719 
doora,  719 
roof  ventilators,  719 

controls,  721 
skylights,  719 
stacks,  721 
windows,  719 

Operating  rooms,  653 

conditions,  655 

reducing  explosion  hazard,  653 

sterilization  of  air  in,  656 
Operative  temperature,  43 
Orifice 

heating  systems,  260 
Orsat  apparatus,  637 
Outside  temperature,  115 
Overhead  distribution,  312 
Overhead  system,  791 
Oxygen 

chambers,  663 

tents,  663 

therapy,  662 
Ozone,  40 


Panel  heating,  759 

electric,  764 
hot  water,  762 
steam,  762 
warm  air,  762 

Panel  radiator,  795 

Panel  warming,  795 


Per  cent  of  saturation,  19 
Phon,  591 

Physical  impurities  in  air,  40 
Physiological  principles,  37 

four  vital  factors,  68 
Pilot  controls,  648 

Pipe,  piping,  323 

commercial  dimensions,  324 

conduits  for,  309 

connection  to  heating  units,  284 

corrosion,  342 

expansion,  328 

flexibility,  328 

hangers,  332 

hot  water  heating  systems,  291 

inside,  313 

insulation,  727 

economical  thickness,  745 

heat  losses  from  bare,  732 

heat  losses  from  insulated,  736 

underground,  747 
materials,  323 
overhead  distribution,  312 
sizes,  270,  308 

equivalent  length  of  run,  222 

high  pressure  steam,  282 

hot  water  forced  circulation,  292 

hot  water  gravity  circulation,  301 

for  indirect  heating  units,  285 

initial  pressure,  270 

maximum  velocity,  270 

orifice  systems,  279 

pressure  drop,  270 

refrigerant,  461 

sub-atmospheric  systems,  279 

tables  for,  274 

two-pipe  gravity  air-vent  system,  278 

two-pipe  vapor  systems,|278 

vacuum  systems,  279 

water  supply  systems,  778 
steam  distribution,  307 
for  steam  heating  systems,  267 
supports,  332 
symbols  for  drawing,  803 
tax,  229 

thread  connections,  334 
threads,  331 
tunnels,  312 

unit  heater  connections,  393 
water  supply,  769,  773 
Pipe  coils,  239 
heat  emission,  241 
wall,  240 
Pitot  tubes,  631 
Plenum  chamber,  795 
Pneumatic  control  systems,  604 
Pollution  of  air,  525 
Polyphase  motors,  643 
Ponds,  513 
Potentiometer,  795 

Power,  795 

drier.  698 
Precipitators,  540 
Premature  infant  nurseries,  657 

air  conditions,  657 

equipment,  658 

humidity,  658 

Pressure 

absolute,  791 
atmospheric,  791 
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Pressure  (continued) 

gages,  630,  794 

loss  through  water  meters,  775 

measurement,  629 
barometer,  629 

static,  796 

total,  797 

vapor,  798 

velocity,  798 

Prime  surface,  796  (see  Heating  Surface) 
Propeller  fan,  543 
Properties  of  saturated  steam,  24 
Psychrometer,  796 
Psychrometric  chart,  33 

humidity,  704 
Pulverized  coal,  158 
Pump,  pumps 

condensation  return,  261 

mechanical  circulators,  292 

vacuum  heating,  262 
controls,  263 
piston  displacement,  264 
Pyrometer,  629,  796 

optical,  629 

radiation,  629 


0-R 

Radial  flow  fan,  543 

Radiant  drying,  756 
Radiant  heating,  759 

application  methods,  702 

calculation  principles,  764 

detailed  computation  method,  766 

electric,  764 

hot  water,  762 

measurement  of,  767 

steam,  762 

warm  air,  762 
Radiation,  796 

drying  methods,  697 

heat  transmission,  727 

load,  229 

Radiator,  radiators,  239,  796 
codes,  247 
concealed,  245 
direct,  793 
effect  of  paint,  241 
effect  of  superheated  steam,  241 
enclosed,  243 
heat  emission  of,  239 
heating  effect,  242 
heating  up,  243 
output  of,  240 
panel,  795 
recessed,  796 
selection,  246 
tube,  797 
types  of,  239 

Railway  air  conditioning,  665 

air  distribution,  666 

humidity  control,  668 

summer  systems,  667 

temperature  control,  668 , 

ventilation,  665 

winter  systems,  667 
Reciprocating  compressors,  448 
Reflective  insulation,  74 


Refrigerant,  refrigerants,  444,  796 
ammonia,  444 
carbon  dioxide,  448 
dichlorodifluoromethane,  446 
feeds,  478 

methyl  chloride,  447 
monofluorotrichlorom  ethane,  450 
pipe  sizes,  461 
water,  450 

Refrigeration,  443 

absorption  systems,  454 
control,  614 

equipment  selection,  467 
ice  systems,  466 
mechanical,  443 
reverse  cycle,  469,  756 
ton  of,  797 

day  of,  797 

types  of  compressors,  448 
Regain,  677 
control  of,  676 

Register,  registers,  557  (see  Grilles) 

noises,  564 

railway  car,  666 

selections,  349 

types  of,  569 
Relative  humidity,  19,  796 

measurement  of,  636 
Repulsion  induction  motors,  642 
Residence 

control  systems,  624 
air  conditioning,  625 
coal-fired  heating  plant,  624 
domestic  hot  water  supply,  624 

heat  loss  problems,  121 
Resistance  thermometers,  629 
Return  mains,  796 
Reverse  cycle  refrigeration,  469,  769 
Reversed  return  system,  796 
Roof,  roofs 

heat  flow  through,  131 

time  lag  of  solar  radiation,  133 

ventilators,  719,  796 
Room 

control,  605 
Rotary  drier,  698 
Rotating  ventilator,  720 


Saturated  air,  9,  796 

Saturation,  796 

degree  of,  19,  792 

pressure,  796 
Secondary  air,  148 
Self-contained  control  systems,  604 
Sensible  heat,  796 

loss,  109 

Series  wound  motors,  639 
Settling  chambers,  540 
Shunt  wound  motors,  639 
Silica  gel,  427 
Silicon  dioxide,  427 
Single  phase  motors,  642 
Smoke,  796 

abatement,  530 

density  measurements,  638 

stacks,  542 
Smokeless  arch,  796 
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Solar  heat 

through  shaded  windows,  133 

time  lag,  133 

transmission  of,  127 

transmitted  through  glass,  132 

transmitted  through  walls,  131 
Solar  radiation 

occlusion  of,  530 
Soot,  163 

Sound 

control,  558,  591 

general  suggestions,  592,  602 

level  meter,  592 
Specific  enthalpy,  796 

dry  air,  5 

of  water  vapor,  7 
Specific  gravity,  796 
Specific  heat,  796 

gases,  807 

liquids,  807 

solids,  807 

vapors,  807 
Specific  volume,  796 

of  air,  1 

of  water  vapor,  7 
Split  phase  motor,  643 
Split  system,  796 

Spray 

booths,  690 

cooling  ponds,  513 

cooling  towers,  515 

distribution,  505 

equipment,  501 

generation,  505 

humidifiers,  506 

Square  foot  of  heating  surface,  796 
Squirrel  cage  induction]motor,i643 
Stack,  stacks 

height,  796 

smoke,  542 
Standard  air,  796 
Static  electricity 

elimination  of,  681 
Static  pressure,  580,  796 

control,  618 
Steady  flow  energy  equation,  34 

enthalpy,  35 

gravitational  energy,  35 

heat  and  shaft  work,  35 

kinetic  energy,  34 

Steam,  797 

coils,  476 

distribution  piping,  307 

estimating  consumption,  218 

flow,  269 

heating  systems,  249,  267,  797 

air  line,  253 

condensation  return,  256 

corrosion,  342 

down-feed  two-pipe  vapor,  255 

gravity  one-pipe  air-vent,  250 

gravity  return,  239 

gravity  two-pipe  air-vent,  253 

mechanical  return,  249 

one-pipe  vapor,  253 

orifice,  260 

piping  for,  267 

sub-atmospheric,  258 

two-pipe  vapor,  254 

vacuum,  256 
jet  type  of  compressor,  451 


Steam  (continued) 

panel  heating,  762 

radiant  heating,  762 

requirements,  318 

superheated,  796 

supply  mains,  797 

trap,  796 
Sterilization  of  air,  656 

Stoker,  stokers,  183 

classification  of,  187 

combustion  adjustments,  191 

combustion  process,  190 

controls,  191,  624 

furnace  design,  190 

mechanical,  183 

overfeed  flat  grate  stokers,  183 

overfeed  inclined  grate  stokers,  184 

sizing  and  ratings,  191 

underfeed,  797 
rear  cleaning,  187 
side  cleaning,  185 
Sub-atmospheric  systems,  258 
Submerged  heating  coil,  786 
Summer  comfort,  61 
Supply  mains,  797 
Supply  openings,  557 

measurement  of  velocities,  634 

selection  of,  568 

types  of,  569 
Surface 

condensation,  98 

conductance,  70,  797 
coefficients,  72 

heating,  794 

extended,  793 
Symbols  for  drawings,  803 


Table 

average  maximum  water  main  temperatures,  509 

capacity  constants  for  blow-through  unit  heaters, 
394 

capacity  constants  for  draw-through  unit  heaters, 
394 

circular  equivalents  of  rectangular  ducts,  576 

circumference  and  areas  of  circles,  808 

classification  of  coals,  153 

classification  of  electric  motors,  644 

climatic  conditions,  116 

combustible  elements  and  compounds,  144 

conductivity  of  insulating  materials  for  pipes,  735 

degree  days  for  cities,  214 

design  dry-  and  wet-bulb  temperatures,  126 

desirable  inside  conditions  in  summer,  62 

drying  time  for  materials,  706 

emissivity  values  for  various  surfaces,  728 

explosive  properties  of  anesthetic,  654 

flame  temperature  data,  146 

gain  for  insulated  cold  pipes,  742 

gas  combustion  constant,  709 

heat  gain  through  glass  blocks,  135 

heat  gain  from  various  sources,  138 

heat  loss  from  copper  pipe,  730,  731 

heat  loss  from  steel  pipe,  730 

heat  transmission  coefficients,  69 

heat  transmission  through  insulated  ducts,  740 

hot  water  consumption  in  various  types  of  build- 
ings, 789 

hot  water  demand  for  various  types  of  fixtures 
789 
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Table  (continued) 
infiltration  through  windows,  104 
minimum  outdoor  air  requirements  to  remove 

odors,  39 

pressure  loss  through  water  disc  meters,  775 
pressure  losses  in  refrigerant  line,  462 
properties  of  ammonia,  444 
properties  of  carbon  dioxide,  448 
properties  of  dicholorodifluoromethane,  446 
properties  of  gaseous  fuels,  162 
properties  of  methyl  chloride,  447 
properties  of  monofluorotrichloromethane,  450 
properties  of  saturated  steam,  24 
properties  of  water,  450 
radiating  surface  per  linear  foot  of  copper  tubing, 

732 

radiating  surface  per  linear  foot  of  pipe,  732 
recommended  chimney  sizes,  176 
recommended  sheet  metal  gages  for  ducts,  587 
regain  of  hygroscopic  materials,  678 
relation  between  metabolic  rate  and  activity,  49 
requirements  for  fuel  oil,  160 
return  pipe  capacities,  276 
solar  radiation,  128 

specific  heat  of  solids,  liquids,  gasea,  807 
steam  pipe  capacities,  275 
temperatures  and  humidities  for  industrial  pro- 
cessing, 674 

theoretical  air  requirements,  147 
thermodynamic  properties  of  moist  air,  10 
toxicity  of  gases  and  fumes,  529 
typical  noige  levels,  593 
weight  of  saturated  air,  26 
Tank,  tanks 
expansion,  305 
hot  water  storage,  784 
Temperature,  temperatures 
absolute,  4,  791 
automatic  control,  322 
average  effective  coil,  490 
British  equivalent,  761 
control  for  railway  passenger  cars,  668 
design  wet-bulb,  512 
dew-point,  20 
dry-bulb,  793 
drying,  702 
effective,  113,  793 
globe,  768 

hazards  in  treatment  of  disease,  660 
humidity,  railway  cars,  668 
inside,  113 

attic,  113 

ceilings,  high,  114 

at  floor  level,  115 

at  proper  level,  113 
low,  insulation,  741 
mean  radiant,  764 
measurement,  627 

thermocouple,  628 

thermometers,  627 
outside,  115 

relation  of  air,  and  wall,  63 
thermodynamic  wet-bulb,  21 
water  main,  509 
wet-bulb,  798 
Terminology,  791 
Test  methods,  627 
Therapy 
cold,  660 
fever,  659 
oxygen,  662 
Thermal 
conductance,  70 
conductivity,  70 


Table  (continued) 

interchanges  of  body,  41 

resistance,  797 

resistivity,  797 

transmittance,  70 
Therm,  797 
Thermocouple,  628 
Thermodynamic 

of  air  and  water  mixture,  1 

laws  of,  795 

wet-bulb  temperature,  21 

Thermometers,  627 

alcohol,  627 
dry-bulb,  68 
globe,  68,  637,  768 
Kata,  68,  633 
mercurial,  627 
resistance,  629 
stem  correction,  628 

Thermostat,  606,  797 

elements,  604 

room,  606 

Thermostatic  trap,  265 
Tilting  trap,  266 

Time  lag  through  walls  and  roofs,  133 
Ton  day  of  refrigeration,  797 
Ton  of  refrigeration,  797 
Total  heat,  797  (see  Enthalpy) 
Total  pressure,  797 
Tower,  towers 

cooling,  design,  516 

cooling,  performance,  522 

mechanical  draft,  516 

natural  draft,  515 

spray  cooling,  515 
Transmission 

coefficient,  792 

normal  heat,  127 

solar  heat,  127 
Transmittance,  70 
Transportation  air  conditioning,  665 

Trap,  traps,  265 

automatic  return,  266 

bucket,  265 

float,  265 

impulse  trap,  266 

steam,  797 

thermostatic,  266 

tilting,  266 

Treatment  of  disease,  653 
Tube  radiator,  797 
Tunnel  drier,  698 


U 


Ultra-violet  light,  40,  530,  656 

Underfeed  stoker,  797 

Unit,  units,  797 
air  conditioners,  407 

application,  416 

cooling,  409 

costs,  423 

dehumidifying,  409 

filtering,  410 

heating,  408 

humidifying,  408 

ratings,  420 

types  of,  411 

ventilating,  410 
British  thermal,  791 
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Unit  (continued) 
cooling,  420 

defrosting,  422 

features  of,  421 

ratings,  422 

types  of,  421 

direct-indirect  heating,  793 
fuel  consumptions,  212 
heaters,  390 

application,  397 

boiler  capacity,  393 

direct-fired,  399 

electric,  399,  751 

features,  390 

piping  connections,  393 

ratings,  392 

turbine-driven,  399 

types  of,  391 
humidifiers,  405 

types  of,  405 

of  noise  measurement,  591 
systems,  619 
ventilators,  399 

applications,  403 

functions  and  features,  400 

ratings,  400 

specifications,  399 

window,  404 
viscous  type  filters,  537 
Unitary  equipment,  389 
definitions,  390 


Vacuum 

drying,  698 
heating  pumps,  262 

control,  263 

piston  displacement,  264 
heating  systems,  256,  797 

down-feed,  258 

Valve,  valves,  339 
angle,  341 
automatic,  340 
check,  340 
control,  283 
expansion,  456 
gate,  340 
globe,  340 
reducing  pressure,  340 

Vapor 

heating  system,  798 
pressure,  798 
Velocity,  798 
pressure,  798 

Ventilation,  798 
dairy  barn,  725 
garage,  725 
natural,  717 

general  rules,  723 
passenger  bus  in  summer,  669 
physiological  objectives  of,  60 
railway  passenger  car,  665 
symbols  for  drawing,  806 
wind  forces,  717 

Ventilator,  ventilators 

roof,  719,  796 

unit,  399 

control,  620 
Vertical  openings,  108 

sealing  of,  108 


Vibration  from  machine  mountings,  595 
Viscous  filters,  536 

automatic,  538 

impingement,  536 

unit  type,  537 
Volume 

fan  control,  553 

furnace,  159 

specific,  796 

W 

Wall,  walls 

heat  flow  through,  131 

infiltration  through,  102 

time  lag  of  solar  radiation,  133 
Warm  air 

heating  systems,  345,  359,  798 

panel  heating,  762 

radiant  heating,  762 
Washer,  washers,  501 

air,  791 

Water 

atmospheric  cooling  equipment,  507 

coils,  476 

cooled  condenser,  458 

heaters,  785 

heating,  769 

by  electricity,  755 
make-up,  523 

maximum,  main  temperature,  509 
properties  of,  450 
supply  piping,  769 
flow  from  fixture,  771 
horizontal  supply  mains,  776 
maximum  probable  flow,  770 
overhead  distribution  mains,  776 
pipe,  773 

sizing  down-feed  risers,  773 
sizing,  up-feed  risers,  774 
thermodynamics  of,  1 
well,  temperatures ,  508 
Water  vapor,  6 
saturation  pressure,  6 
specific  enthalpy,  7 
specific  volume,  6 
Welding,  323,  334 

Wet-bulb  temperature,  512, 798  (set  Temperature} 
Wet  return,  798 
Wind,  winds 
forces,  717 

due  to  stack  effect,  718 
on  natural  draft  equipment,  515 
selection  of,  velocity,  106 
velocity  effects,  115 
Window,  windows 
coefficient  of  transmission,  97 
leakage,  105 

for  natural  ventilation,  719 
solar  radiation  through,  133 
ventilators,  404 
Winter  comfort  zone,  54 
Wrought-iron  pipe,  323 
Wrought-steel  pipe,  323 

X-Y-Z 

Zone 

of  body  cooling,  47 

control,  606 

of  evaporative  regulation,  47 


Chapter  I 

THERMODYNAMICS  OF  AIR  AND  WATER 
MIXTURES 

Dry  Air,  Specific  Enthalpy,  Water  Vapor,  Moist  Air,  Dalton's 
Law,  Humidity  Ratio,  Relative  Humidity,  Dew -point,  Enthalpy, 
Thermodynamic  Wet-bulb  Temperature,  Mollier  Diagram, 
Typical  Air  Conditioning  Processes,  Adiabatic  Saturation, 
Psychrometric  Chart,  Steady  Flow  Energy  Equation 

THE  working  substance  of  the  air  conditioning  engineer  may  be 
regarded,  for  the  purpose  of  analysis,  as  a  mixture  of  only  two 
constitu tents,  dry  air  and  water.  The  mixture  may  consist  of  two,  and 
possibly  three  distinct  phases,  solid,  liquid  and  vapor.  The  vapor 
phase  is  conveniently  referred  to  as  moist  air  and  is  regarded  as  a  mixture 
of  dry  air  and  water  vapor. 

DRY  AIR 

Composition.  Dry  air  is  itself  a  mixture  of  several  gases,  but  its 
composition  is  subject  to  such  slight  variation  that  it  may  be  regarded 
as  fixed.  According  to  International  Critical  Tables,  the  mol-fraction 
composition  of  dry  air  is  given  by  the  first  column  of  figures  in  Table  1. 
Molecular  weights  are  given  in  the  second  column;  the  last  figure  in  the 
third  column  is  the  apparent  molecular  weight;  the  fourth  column  of 
figures  gives  the  ordinary  weight-fraction  composition. 

It  is  well  known  that  dry  air  contains  other  gases  besides  those  listed 
in  Table  1 ;  but  these  are  present  in  such  minute  amounts  that  they  can 
be  grouped  together  as  argon.  Values  in  the  lower  section  of  Table  1  give 
the  approximate  mol-fraction  composition  of  what  is  called  argon  in  the 
upper  portion  of  the  Table. 

In  physical  and  chemical  thermodynamics,  there  is  a  distinct  advan- 
tage in  using  a  different  unit  of  weight,  the  mol,  for  each  different  sub- 
stance involved.  A  mol  of  oxygen  weighs  32.000  Ib  as  a  matter  of  defi- 
nition; a  mol  of  any  other  substance  is  a  weight,  in  pounds,  equal  to  its 
molecular  weight. 

Specific  Volume  and  Density 

The  ratio  of  total  volume  to  total  weight  is  called  specific  volume,  v. 
In  the  English  system,  volume  is  expressed  in  cubic  feet  and  weight  in 
pounds;  hence,  specific  volume  is  expressed  in  cubic  feet  per  pound. 
The  reciprocal  of  specific  volume,  that  is,  weight  per  unit  volume  is 
called  weight  density,  d.  The  unit  of  density  is  the  pound  per  cubic  foot. 
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The  earliest  investigation  into  the  relation  between  pressure,  specific 
volume,  and  temperature  for  gases  was  made  by  Boyle  (1661)  who  was 
able  to  confirm  the  hypothesis  that  the  volume  of  a  given  weight  of  gas 
should  vary  inversely  as  the  absolute  pressure  if  temperature  is  main- 
tained constant.  Thus,  within  the  limits  of  his  experimental  error  Boyle 
found  that  at  constant  temperature  the  product  pv,  pressure  times  specific 
volume,  has  a  constant  value  over  a  considerable  range  of  pressures. 
These  results  are  best  visualized  by  plotting  values  of  the  product  pv 
as  ordinate  against  values  of  pressure  p  itself  as  abscissa.  According  to 
Boyle's  experimental  findings  lines  of  constant  temperature  (isotherms) 
of  a  gas  are  straight  and  horizontal  on  this  pv,  £-plane. 

The  first  rough  experiments  of  Charles  (1787)  and  the  subsequent 
more  refined  experiments  of  Gay-Lussac  (1802)  suggested  the  possibility 

TABLE  1.    COMPOSITION  OF  DRY  AIR 


GAS 

MOL  PER  MOL 
DRY  AIR 

LB  PER  MOL 

LB  PER  MOL 
DRY  AIR 

LB  PER  LB 
DRY  AIR 

Nitrogen  

0.7803 
0.2099 
0.0003 
0.0001 
0.0094 

X      28.016 
X      32.000       = 
X      44.003      = 
X        2.016      = 
X      39.944      « 

21.861 
6.717 
0.013 
0.000 
0.376 

0.7547 
0.2319 
0.0004 
0.0000 
0.0130 

Oxygen  

Carbon  Dioxide 

Hydrogen  

Argon 

1.0000 

28.967 

1.0000 

COMPOSITION  OF  ARGON 

MOL  PER  MOL  DRY  AIR 

Argon  

0.00933 
0.000018 
0.000005 
0.000001 

Neon     

Helium, 

KrvDton  ...    .             

*£*/*"•«*•  
Xenon  

0.00935 

of  establishing  a  universal  temperature  scale  such  that  the  product  pv 
for  any  gas  is  simply  proportional  to  temperature  measured  on  this  scale 
in  accordance  with  Equation  1. 


pv  =  BT 


(1) 


where  B  is  a  constant  characteristic  of  the  given  gas.  Referring  to  the 
graphical  representation  previously  described  in  which  the  product  pv 
is  plotted  as  ordinate  against  pressure  p  as  abscissa,  the  vertical  spacing 
of  the  isotherms  should  be  such  that  the  ordinates  to  any  two  isotherms 
are  in  the  ratio  of  corresponding  absolute  temperatures  and  therefore  in 
the  same  ratio  for  any  gas. 

Precise  measurements  by  modern  methods  have  shown  that  the  experi- 
mental findings  of  Boyle,  Charles  and  Gay-Lussac  are  only  approximately 
correct.  In  the  range  of  sufficiently  low  pressures  the  isotherms  of  gases 
are  indeed  straight  on  the  pv,  p-plane;  but  they  are  not  horizontal  in 
accordance  with  Boyle's  Law,  being  inclined  downward  to  the  right  at 
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relatively  low  temperatures,  upward  to  the  right  at  higher  temperatures. 
Extrapolation  of  each  isotherm  to  zero  pressure  has  revealed  the  remark- 
able fact  that  the  limiting  value  of  the  product  pv  thus  obtained  is  strictly 
proportional  to  absolute  temperature  as  suggested  by  Equation  1,  this 
strict  proportionality  providing  an  accurate  basis  for  the  establishment 
of  the  absolute  temperature  scale. 

The  experimental  facts  of  the  preceding  paragraph  are  expressed 
mathematically  by  Equation  2. 

pv  =  BT-A(T)p  (2) 

where 

p~  absolute  pressure,  pounds  per  square  foot. 

v—  specific  volume,  cubic  feet  per  pound. 

B  —  a  constant  depending  on  the  molecular  weight  of  the  gas, 

T  =  absolute  temperature,  degrees  Fahrenheit. 

A  (T)  —  a  temperature  function  called  second  virial  coefficient,  cubic  feet  per  pound. 
The  name  undoubtedly  originated  from  consideration  of  Clausius'  Virial 
Theorem  according  to  which  the  mean  kinetic  energy  of  a  molecular  aggre- 
gate is  equal  to  the  mean  value  of  a  quantity,  which  Clausius  called  the 
virial  of  the  system,  depending  solely  on  the  forces  acting  upon  the  mole- 
cules and  not  upon  the  motion  of  the  molecules.  This  name  is  used  ex- 
tensively. For  many  gases,  the  magnitude  of  the  second  virial  coefficient 
can  be  predicted  from  theory;  but  at  present,  direct  experimental  measure- 
ments are  more  reliable. 

It  will  appear  in  what  follows  that  the  error  committed  in  computing 
values  of  specific  volume  from  Equation  1  instead  of  Equation  2  is  extremely 
small.  Thermodynamically,  however,  the  former  would  deny  the  effect 
of  pressure  on  the  thermal  properties  of  a  gas  which  experiment  shows  to 
be  appreciable.  Therefore  Equation  1  cannot  be  made  the  basis  of  an 
accurate  analysis. 

The  numerical  value  of  the  constant  B  in  Equation  2  is  different  for 
every  different  gas,  but  can  be  calculated  if  the  molecular  weight  m, 
pounds  per  mol,  is  known;  for  the  product  mB  is  a  universal  gas  con- 
stant -R,  namely, 

R  -  1545.4 
Example  1.    Find  the  value  of  B  for  dry  air  and  water  vapor. 

Solution.        5a   =  1545.4  -i-  28.967    =  53.351 
3W  =  1545.4  H-  18.0154  =  85.782 

The  temperature  function  A  (r),  the  so-called  second  virial  coefficient, 
expresses  the  effect  of  intermodular  forces.  It  is  positive  at  low  tem- 
peratures where  these  forces  are  predominantly  attractive,  negative  at 
higher  temperatures  where  they  are  predominantly  repulsive.  It  is 
known  with  satisfactory  accuracy  for  both  dry  air  and  water  vapor. 
Values  of  specific  volume  are  listed  in  Table  2  for  dry  air  at  standard 
atmospheric  pressure  (29.921  in.  Hg)  as  computed  from  Equation  2. 

The  fact  that  A(T)  is  multiplied  by  pressure  in  Equation  2  means 
that  intermolecular  forces  vanish  at  zero  pressure  and  infinite  volume 
where  infinite  distances  separate  the  molecules.  The  finite  value  of  the 
product  pv  at  zero  pressure  is  due  entirely  to  the  translational  kinetic 
energy  of  the  molecules.  In  ordinary  calculations  not  requiring  too 
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TABLE  4.    SPECIFIC  ENTHALPY  OF  DRY  Ama  AT  29.921  IN.  HG 


TEMP 

SPECIFIC 
ENTHALPY 

SPECIFIC 
HEAT 

TEMP 

SPECIFIC 
ENTHALPY 

SPECIFIC 
HEAT 

TEMP 

SPECIFIC 
ENTHALPY 

SPECIFIC 
HEAT 

t 

BTU  PER  LB 
*a 

W 

t 

BTU  PER  LB 
fa 

Ki; 

t 

BTU  PER  LB 
h& 

[*p]l 

-96 

-23.035 

0.2399 

32 

7.680 

0.2400 

160 

38.454 

0.2403 

-64 

-15.356 

0.2399 

64 

15.363 

0,2400 

192 

46.172 

0.2405 

-32 

-7.678 

0.2399 

96 

23.053 

0.2401 

224 

53.903 

0.2406 

0 

0,000 

0.2400 

128 

30.749 

0.2402 

256 

61.649 

0.2408 

aprepared  by  John  A.  Goff. 

enthalpy  of  dry  air  at  standard  atmospheric  pressure  (29.921  in.  Hg)  as 
computed  from  Equation  6  are  given  in  Table  4. 

Reference  Point.  It  is  desired  to  give  some  prominence  to  the  choice  of 
reference  point.  As  energy,  and  therefore  enthalpy,  is  purely  relative, 
any  convenient  state  can  be  selected  at  which  to  assign  the  value  zero  to 
specific  enthalpy.  The  state  chosen  is  0  F,  29.921  in.  Hg.  Perhaps  the  only 
really  valid  argument  for  this  particular  choice  is  that,  for  ordinary 
calculations  at,  or  near,  atmospheric  pressure,  a  very  simple  equation 
can  be  used,  namely, 

&a  -  0.24*  (7) 

WATER  VAPOR 

Saturation  Pressure.  It  is  common  knowledge  that  a  substance  like 
water  can  exist  in  at  least  three  distinct  phases,  solid  (ordinary  ice), 
liquid  and  vapor;  and  that  under  certain  conditions  two  or  more  phases 
can  coexist  in  stable  equilibrium.  For  example,  steam  having  a  quality  of 
98  per  cent  is  a  mixture  of  two  coexisting  phases,  vapor  and  liquid,  98  per 
cent  by  weight  being  vapor  and  2  per  cent  by  weight,  liquid.  When  two 
phases  can  coexist  in  stable  equilibrium,  each  is  said  to  be  saturated 
with  respect  to  the  other. 

One  of  the  important  problems  of  thermodynamics  is  to  formulate  the 
conditions  for  saturation  in  mathematical  terms.  The  answer  to  the 
problem  can  be  stated  quite  generally  as  equality,  between  the  several 
coexisting  phases,  of  (a)  pressure,  (b)  temperature,  (c)  each  component 
chemical  potential. 

In  the  case  of  a  pure  substance  like  water,  containing  a  single  com- 
ponent, there  is  only  one  component  chemical  potential;  and  this  becomes 
identical  with  a  thermodynamic  property  called  specific  free  enthalpy 
denoted  by  the  letter  g  (Btu  per  pound)  and  defined  by  the  equation: 

g  =  h  -  Ts 
where 

h~  specific  enthalpy,  Btu  per  pound. 

T—  absolute  temperature,  degrees  Fahrenheit. 

S  =  specific  entropy,  Btu  per  pound  per  degree  Fahrenheit. 

To  illustrate,  liquid  water  at  212  F,  14.696  Ib  per  square  inch  has  a 
specific  free  enthalpy  of  180.07  -  671.70  X  0.3120  =  -25.90  Btu  per 
pound.  At  the  same  temperature  and  pressure,  water  vapor  has  a  specific 
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free  enthalpy  of  1150.4  -  671.70  X  1.7566  =  -25.90  Btu  per  pound. 
The  numerical  data  used  in  these  calculations  are  to  be  found  in  the 
steam  tables1.  Since  the  two  specific  free  enthalpies  are  equal  at  the  same 
temperature  and  the  same  pressure,  the  two  phases  can  coexist  in  stable 
equilibrium  to  form  a  saturated  mixture  and  are  therefore  saturated 
with  respect  to  each  other. 

But  suppose  that  a  different  pressure  had  been  assumed,  the  tempera- 
ture being  212  F  as  before;,  for  example,  assume  a  pressure  of  14  Ib  per 
square  inch.  The  specific  free  enthalpy  of  the  liquid  phase  will  be 
practically  the  same  as  before,  but  that  of  the  vapor  phase  will  change 
from  —25.90  to  —32.84  Btu  per  pound,  most  of  this  change  being  due 
to  change  of  entropy  which,  in  the  case  of  a  vapor,  depends  markedly 
upon  the  pressure.  Since  the  specific  free  enthalpies  of  the  two  phases 
are  no  longer  equal,  they  cannot  coexist  in  stable  equilibrium  and  neither 
is  saturated.  As  a  matter  of  fact  the  vapor  is  superheated  while  the  liquid 
is  supersaturated. 

From  this  analysis  it  will  be  seen  that  to  a  given  temperature' T  there 
corresponds  a  definite  saturation  pressure  ps.  This  is  also  called  the 
vapor  pressure  of  the  liquid  or  solid  as  the  case  may  be.  It  will  also  be 
seen  that  a  working  definition  of  saturation  can  only  be  arrived  at  by 
application  of  the  fundamental  laws  of  thermodynamics. 

Referring  specifically  to  the  vapor  phase,  if  the  actual  pressure  is 
less  than  the  saturation  pressure  corresponding  to  the  actual  temperature, 
the  vapor  is  said  to  be  superheated ;  if  it  is  greater,  as  it  may  well  be  under 
proper  circumstances,  the  vapor  is  said  to  be  supersaturated,  Values  of 
the  saturation  pressure  of  pure  water  are  given  in  Table  62. 

Specific  Volume 

Accurate  values  of  the  specific  volume  of  water  vapor  at  pressures 
equal  or  near  the  saturation  pressure  (for  the  given  temperature)  can  be 
computed  from  Equation  1  since  the  second  virial  coefficient  ^4(7")  is 
known  with  satisfactory  accuracy.  Usually,  however,  the  desired  infor- 
mation can  be  read  directly  from  the  steam  tables.  Values  for  the  specific 
volume  of  the  saturated  vapor,  vg,  are  also  listed  in  Table  8. 

Specific  Enthalpy 

The  zero-pressure  specific  enthalpy,  as  calculated  by  A.  R.  Gordon 
from  spectroscopic  measurements,  has  recently  been  corrected  for  dis- 
tortion of  the  water  molecules  due  to  centrifugal  forces.  Best  values  at 
present  available  are  listed  in  Table  5. 

From  the  numerical  values  of  mean  specific  heat,  it  is  clear  that  for 
ordinary  calculations  the  following  simple  relation  may  be  used : 

C  =  0.444*  +  1061  (8) 

Reference  Point.  The  reference  point  for  water  has  been  chosen  as 
saturated  liquid  at  82  F  in  conformity  with  usual  steam  table  practice. 
In  order  to  refer  the  zero-pressure  values  of  specific  enthalpy  to  this 

^hermodynamic  Properties  of  Steam,  by  J.  H.  Keenan  and  F.  G.  Keyes,  published  by  John  Wiley  & 
Sons.  Inc.,  1936,  of  which  Table  8  is  an  abridgment. 

2Strictly  speaking  the  values  listed  in  Table  6  are  not  values  of  £s  as  labeled,  but  of  #'  (Equation  13b) 
with  the  Dalton  Factor  (DP}  taken  to  be  unity.  8 
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TABLE  5.    SPECIFIC  ENTHALPY  OF  WATER  VAPOR  AT  ZERO  PRESSURE* 


SPECIFIC 

MEAN 

SPECIFIC 

MEAN- 

SPECIFIC 

MEAN 

TEMP 

ENTHALPY 

SPECIFIC 

TEMP 

ENTHALPY 

SPECIFIC 

TEMP 

ENTHALPY 

SPECIFIC 

F 

BTU  PER.  LB 

HEAT 

F 

BTU  PER  LB 

HEAT 

F 

BTU  PER  LB 

HEAT 

/ 

*; 

Ki: 

t 

C 

Kii 

t 

c 

ten 

-96 

1018,49 

0.4425 

32 

1075.16 

0.4435 

160 

1132.26 

0.4455 

-64 

1032.64 

0.4427 

64 

1089.39 

0.4440 

192 

1146.64 

0.4462 

-32 

1046.80 

0.4429 

96 

1103.64 

0.4444 

224 

1161.08 

0,4469 

0 

1060.97 

0.4431 

128 

1117.93 

0.4450 

256 

1175.58 

0.4477 

^-Prepared  by  John  A.  Goff  from  published  data  computed  from  spectroscopic  measurements. 

datum,  best  available  information  regarding  latent  heat,  saturation 
pressure  and  second  virial  coefficient  at  32  F  has  been  used.  The  values 
in  Table  5  do  not  agree  exactly  with  those  in  the  steam  tables,  but  do 
agree  with  later  information  from  the  National  Bureau  of  Standards. 

MOIST  AIR 

Dalton's  Law.  Having  accurate  information  regarding  the  thermo 
dynamic  properties  of  dry  air  and  water  vapor  separately,  it  is  desired  to 
predict  the  properties  of  moist  air  which  is  regarded  as  a  mixture  of 
these  two  constitutents.  Statistical  mechanics  furnishes  a  starting  point 
in  the  form  of  a  prediction  that,  at  not  too  high  pressures, 


Pv  =  RT  - 


(9) 


where 


P  =  observed  pressure,  pounds  per  square  foot. 
v  =  specific  volume,  cubic  feet  per  mol. 
^4aa  =  second  virial  coefficient  for  the  dry  air  expressing  the  effect  of  forces  between 

air — air  molecules,  cubic  feet  per  mol. 
^4ww  =  second  virial  coefficient  for  the  water  vapor,  expressing  the  effect  of  forces 

between  water — water  molecules,  cubic  feet  per  mol. 

AW  =  interaction  constant  expressing  the  effect  of  forces  between  air — water  mole- 
cules, cubic  feet  per  mol. 
x  —  mol-fraction  of  dry  air  in  the  mixture,  mols  dry  air  per  mol  mixture. 

Equation  9  will  be  recognized  as  a  generalization  of  Equation  2.  Both 
u4aa  and  A&w  are  known;  but  there  is  no  reliable  information  at  present 
available  on  the  interaction  constant  Aw  though  experiments  are  in 
progress3  to  measure  it.  Pending  the  results  of  these  experiments,  an 
accurate  and  thermodynamically  consistent  treatment  is  impossible  and 
the  simplest  thing  to  do  is  to  ignore  the  effect  of  intermolecular  forces 
entirely. 

But,  in  the  absence  of  intermolecular  forces,  each  constituent  gas  in  a 
mixture  such  as  moist  air  would  behave  exactly  as  if  it  alone  occupied  the 
volume  V  at  the  temperature  T  of  the  mixture  and:  (1)  the  observed 
pressure  P  would  be  the  sum  of  individual  partial  pressures  p\  (2)  the 
total  enthalpy  H  would  be  the  sum  of  the  individual  enthalpies.  This  is 
the  essence  of  Dalton's  Law  of  Partial  Pressures. 


"At  the  Towne  Scientific  School,  University  of  Pennsylvania,  in  cooperation  with  the  A.S.H.V.E. 
through  the  Research  Technical  Advisory  Committee  on  Psychrometry. 
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Referring  to  dry  air  by  the  subscript  a  and,  to  water  vapor  by  the 
subscript  w,  Dalton's  Law  would  predict 


V  =  n*        _  nw        _    HZ       ^w  ClOa) 

P*  Pw  P 

where 

P  =  P*  +  £w  (10b) 

From  these  equations  are  easily  obtained, 

n-w    _        pvf  pvr    _        ^w/^a  nOcI 

na    ~  P  -  £w   °r    P         1  +  W»a  ^      ) 

in  which, 

pa  =  partial  pressure  of  the  dry  air. 
pw  =  partial  pressure  of  the  water  vapor. 
P  =  observed  pressure  of  the  mixture. 
wa  =  weight  of  dry  air  (mols). 
nw  =  weight  of  water  vapor  (mols). 

Humidity  Ratio 

In  Equation  lOc  the  ratio  by  weight  of  water  vapor  to  dry  air,  n^/n^ 
is  expressed  in  mols  per  mol.  Most  engineers  prefer  to  express  it  in 
pounds  per  pound  which  can  easily  be  done,  since  the  molecular  weights 
of  both  water  vapor  (18.0154  Ib  per  mol)  and  of  dry  air  (28.967  Ib  per  mol) 
are  known.  Thus  Equation  lOc  becomes 

or          -  (11) 


There  is  little  doubt  but  that  the  weight  ratio  W  is  the  most  convenient 
parameter  in  terms  of  which  to  express  the  composition  of  moist  air;  but 
to  choose  a  suitable  name  and  one  that  would  have  general  acceptance 
has  always  been  a  perplexing  problem.  In  previous  issues  of  the  GUIDE, 
specific  humidity  was  adopted  even  though  it  was  recognized  that  the 
adjective  specific  should  properly  refer  to  weight  of  water  vapor  per 
pound  of  mixture,  and  not  per  pound  of  dry  air.  Various  other  names 
have  been  proposed  from  time  to  time  including:  mixing  ratio,  propor- 
tionate humidity,  density  ratio,  absolute  humidity.  It  is  believed  that 
the  name  humidity  ratio  is  most  suggestive  of  the  meaning  which  it  is 
desired  to  express,  that  it  violates  no  well  established  usage  as  does  the 
name  specific  humidity  and  that  its  adoption  will  avoid  much  confusion. 

To  repeat:  in  the  case  of  moist  air,  the  ratio  by  weight  (pounds)  of 
water  vapor  to  dry  air  is  called  humidity  ratio  and  denoted  by  the  letter  W. 

Saturation 

It  is  often  stated  that  moist  air  is  saturated  when  the  water  vapor  in  it 
is  itself  in  the  dry  saturated  condition  at  the  given  temperature.  This 
statement  would  imply  that  the  humidity  ratio  of  saturated  moist  air  is, 
in  accordance  with  Equation  11, 

W5  -  0.62193  p  PB  A  (12) 

•P  —  ps 

where  ps  is  the  saturation  pressure  of  pure  water  vapor. 
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This  statement  lacks  therrnodynamic  soundness  due  to  actual  departures 
from  Dalton's  Law,  but  has  real  practical  merit  as  an  approximation. 

Example  3.    Calculate  the  humidity  ratio  of  saturated  rnoist  air  at  68  F,  30  in.  Hg. 

Solution.  The  saturation  pressure  of  pure  water  at  68  F  from  Table  6  is  0.68980 
in.  Hg;  hence, 

w       0.62193X0.68980       nnMfl>1/          ,  ,    ,  ,       .  , 

W$  =  .....  —  29~310"2  ----  ~  0-01464  (pound  per  pound  ot  dry  air). 

It  is  also  frequently  stated  that  moist  air  is  saturated  when  the  space 
(volume)  occupied  by  it  contains  the  maximum  weight  of  water  vapor  at 
the  given  temperature.  This  means  that  any  additional  water  would  have 
to  be  in  the  liquid  or  solid  phase.  But  under  proper  circumstances  the 
water  vapor  can  be  supersaturated,  in  which  case  the  space  occupied  by 
the  mixture  can  contain  more  than  the  maximum  possible  water  vapor. 
The  statement  is  therefore  meaningless  as  a  definition  of  saturation. 

A  precise  definition  must  necessarily  refer  to  the  coexistence  of  at 
least  two  distinct  phases,  say,  liquid  and  vapor.  These  can  only  coexist- 
in  stable  equilibrium  if  evaporation  of  the  liquid  or  condensation  of  the 
vapor  under  conditions  of  constant  total  volume  and  constant  total 
internal  energy  would  have  to  involve  a  decrease  of  total  entropy.  This 
would  be  the  situation  if,  and  only  if,  the  pressure,  the  temperature,  and 
each  component  chemical  potential  has  the  same  value  in  each  phase, 

In  the  case  of  moist  air,  the  general  conditions  for  saturation  previously 
stated  can  be  deduced  from  Equation  9  together  with  available  data  on 
the  solubility  of  air  in  the  liquid.  They  can  be  reduced  to  the  form, 


WQ  »  0.62193  —  —,•  (I3a) 


where 


The  liquid  (or  solid)  phase  will  contain  a  small  amount  of  dissolved  air 
and  the  Raoult  factor  (RF)  expresses  the  effect  of  this  dissolved  air  in 
lowering  the  vapor  pressure  in  accordance  with  Raoult's  Law.  The 
Poynting  factor  (PF)  accounts  for  the  fact  that  the  very  presence  of 
dry  air  requires  the  liquid  (or  solid)  to  support  a  higher  pressure  at 
saturation  than  it  would  if  no  dry  air  were  present.  The  Dalton  factor 
(DF)  expresses  the  effect  of  intermodular  forces  in  the  vapor  phase. 
All  three  factors  depend  more  or  less  on  pressure  as  well  as  on  temperature. 
The  Dalton  factor  is  the  only  one  of  the  three  factors  listed  here 
which  cannot  at  present  be  calculated  with  reasonable  certainty  due  to 
ignorance  regarding  the  interaction  constant  A^.  Its  order  of  magnitude 
can  be  guessed,  however,  by  assuming  a  simple  combination  rule  which 
has  received  some  confirmation  on  mixtures  similar  to  moist  air,  namely, 

Aa  ^_  A 
Aw  =         - 

At  68  F,  30  in.  Hg,  for  example, 

i        1.00073  X  1.05863 
p'  1.00002  PB 
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These  figures  suggest  that  Dalton's  Law  may  not  be  the  close  approxi- 
mation it  is  generally  assumed  to  be.  However,  until  the  Dalton  factor 
can  be  measured,  it  is  better  to  ignore  (call  it  unity)  than  guess  it.  This 
procedure  has  been  followed  in  computing  the  values  in  Table  6. 

Relative  Humidity 

The  ratio  of  actual  humidity  ratio  W  to  the  saturation  humidity  ratio 
Ws  corresponding  to  the  actual  temperature  and  the  observed  pressure  is 
denoted  by  the  symbol  ^  and  may  be  called  alternatively  degree  of  satura- 
tion or  percent  saturation;  thus, 


W    -    [L 


(14) 


Example  4-  Air  is  to  be  maintained  at  70  F,  40  per  cent  saturation  when  outside  air 
is  at  0  F,  70  per  cent.  The  observed  pressure  may  be  taken  to  be  29.921  in.  Hg.  Find 
the  weight  of  water  to  be  added  to  each  pound  of  dry  air  using  Table  6. 

Solution.  The  desired  humidity  ratio  is  0.40  X  0.01574  =  0.006296  while  that  of 
outside  air  is  0.70  X  0.0007852  =  0.000550.  Hence  the  weight  of  water  to  be  added  is 
0.006296  -  0.000550  =  0.005746  Ib  per  pound  dry  air. 

Under  Dalton's  Law  the  water  vapor  exerts  a  partial  pressure  £w  which 
may  be  calculated  from  the  given  humidity  ratio  W  and  the  observed 
pressure  P  by  means  of  Equation  11.  The  ratio  of  this  partial  pressure 
pvr  to  the  saturation  pressure  of  pure  water  ps  corresponding  to  the  actual 
temperature  is  called  relative  humidity  and  may  be  denoted  by  the  symbol 
<J>;thus, 


. 

Ps 


(15) 


The  relation  between 
12  and  is 


and  $  is  obtained  directly  from  Equation  11  and 


(15a) 


whence  it  is  clear  that  for  ordinary  temperatures  where  pB  and  therefore 
pw  are  small  compared  with  P,  the  two  are  approximately  equal. 

As  an  aid  in  quickly  translating  degree  of  saturation  \L  into  relative 
humidity  $  or  vice  versa,  the  following  empirical  equation  may  be  sub- 
stituted for  Equation  15a: 

*  -  H  =  a  •    ^  (1  -  n.)  (15b) 

where  a  depends  upon  temperature  for  standard  atmospheric  pressure,  as 
shown  by  the  values  in  Table  7. 

TABLE  7.    PERCENTAGE  DIFFERENCES  CORRESPONDING  TO  TEMPERATURE  FOR 

EQUATION  15b 


TEMPF 
t 

PER  CENT 

OC 

TEMP  F 

t 

PER  CENT 
a 

TEMP  F 
t 

PER  CENT 
a 

TEMP  F 
t 

PER  CENT 

a 

5 

0.16 

30 

0.55 

55 

1.47 

80 

3.51 

,10 

0.21 

35 

0.68 

60 

1.76 

85 

4.14 

15 

0.27 

40 

0.83 

65 

2.10 

90 

4.86 

20 

0.34 

45 

1.01 

70 

2.50 

95 

5.70 

25 

0.44 

50 

1.22 

75 

2.97 

100 

6.67 
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For  example,  corresponding  to  a  degree  of  saturation  of  40  per  cent  at 
100  F  the  difference  between  relative  humidity  and  degree  of  saturation  is 
6.67  X  0.40  X  0.60  =  1.6  per  cent;  hence  the  relative  humidity  itself  is 
41.6  per  cent. 

Dew-point 

If  moist  air  is  cooled  at  constant  humidity  ratio  W  and  constant  ob- 
served pressure  P,  a  temperature  will  be  reached  at  which  the  air  just 
becomes  saturated  and  formation  of  a  liquid  (or  solid)  phase  just  com- 
mences. This  temperature  is  called  the  dew-point  corresponding  to  the 
given  humidity  ratio  and  observed  pressure. 

Example  5.    Find  the  dew-point  of  the  humidified  air  of  Example  4, 

Solution.  The  given  humidity  ratio  is  0.006296  which  is  the  saturation  value  at  44.96 
F  (Table  6,  assuming  the  total  pressure  to  be  29.921  in.  Hg).  This  is  therefore  the  dew- 
point  of  the  humidified  air. 

Example  6.  Find  the  degree  of  saturation  of  air  having  a  temperature  of  90  F,  a 
dew-point  of  60  F. 

Solution.  Assuming  the  total  pressure  to  be  29.921  in.  Hg,  the  humidity  ratio  is  given 
in  Table  6  as  0.01103  Ib  per  pound  dry  air.  The  saturation  humidity  ratio  at  90  F  is 
0.03102  Ib  per  pound  dry  air;  hence  the  degree  of  saturation  is  0.01103  -f-  0.03102  = 
0.355  or  35.5  per  cent. 

Volume 

The  volume  of  moist  air  per  pound  of  dry  air  contained  in  it  is  a  very 
useful  quantity.  It  should  not  be  called  specific  volume;  for  the  adjective 
specific  should  properly  refer  to  volume  per  pound  of  mixture.  Using 
Equations  lOa  and  14  an  expression  for  the  volume  per  pound  of  dry  air 
is  obtained,  namely, 


Example  7.    Find  the  volume  (per  pound  of  dry  air)  of  the  humidified  air  of  Example  4. 

c  .  ,.  /         53.35  X  529.7         \    ,  ft  ,n  /  0.01574  X  85.78  X  529.7\ 

Solutwn'    V  =  U.92  X  0.49115  X  144J   +(MO  (  29.92  X  0.49115  X  144  ) 
13.354  -h  0.40  X  0.338  =  13.489  cu  ft  per  pound  dry  air. 

Equation  16  is  linear  in  degree  of  saturation  [L  and  of  the  form 

(17) 


where  fla  denotes  specific  volume  of  dry  air  at  temperature  T  and  pressure 
P;  and  v&B  denotes  the  difference  between  this  and  the  volume  of  the 
saturated  mixture  per  pound  of  dry  air  vs.  Strict  linearity  is,  of  course, 
a  result  of  the  use  of  Dalton's  Law;  but  it  is  expected  that  it  can  be 
retained  as  a  Very  close  approximation  even  when  the  abandonment  of 
Dalton's  Law  becomes  possible. 

Example  8.    Work  Example  7  using  Table  6. 

Solution,    v  =  13.34  +  (0.40  X  0.34)  =  13.48  cu  ft  per  pound  dry  air. 

By  putting  PL  =  1  (100  per  cent  saturation)  in  Equation  16  an  expression 
for  fls,  the  volume  of  saturated  air  per  pound  of  dry  air,  is  obtained.  Values 
for  standard  atmospheric  pressure  (29.921  in.  Hg)  are  listed  in  Table  6. 
Often  it  is  preferred  to  express  this  information  in  terms  of  density,  that 
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is,  weight  of  saturated  air  per  unit  volume.  This  can  easily  be  done  by 
dividing  vs  (volume  of  saturated  air  per  pound  of  dry  air)  into  (1  +  ws) 
(weight  of  saturated  air  per  pound  of  dry  air).  Thus,  at  100  F,  29.921  in. 
Hg,  the  density  of  saturated  air  is,  from  Table  6,  1.04293  •*•  15,07  = 
0.06921  Ib  per  cubic  foot. 

Values  in  Table  9  are  intended  to  aid  in  determining  the  density  of 
saturated  air  at  different  pressures.  Values  for  temperatures  and  pres- 
sures other  than  those  listed  can  be  obtained  by  linear  interpolation 
which  is  aided  by  the  next  to  last  column  of  figures.  Thus,  at  100  F, 
29.921  in.  Hg,  the  density  of  saturated  air  is,  from  Table  9,  0.06818  + 
(4.21  X  0.00024)  =  0.06919  Ib  per  cubic  foot,  in  approximate  agreement 
with  Table  6. 

A  column  of  figures  is  included  in  'Table  9  giving  the  approximate 
average  increase  in  density  per  degree  wet-bulb  depression.  This  makes 
it  easy  to  calculate  a  value  for  the  density  of  moist  air  taking  into  account 
its  moisture  content  as  well  as  its  temperature  and  pressure. 

Enthalpy 

Thermodynamically,  Equation  lOa  implies  that  the  specific  enthalpies 
of  dry  air  and  water  vapor  are  independent  of  pressure  and  that  the 
enthalpy  of  moist  air  (per  pound  of  dry  air)  is  the  sum  of  separate  con- 
tributions from  the  dry  air  and  water  vapor  according  to  the  simple 
equation 

h  =  ha  +  ji  (Wshw)  (18) 


Equation  18  is  also  linear  in  degree  of  saturation  (L  and  of  the  form 

h  =  h*  +  n  fcas  (19) 

where  h&  denotes  the  specific  enthalpy  of  dry  air  at  the  given  temperature 
and  total  pressure;  and  h*s  denotes  the  difference  between  this  and  the 
enthalpy  of  the  saturated  mixture  per  pound  of  dry  air  Aa.  Provisional 
values  are  listed  in  Table  6. 

Example  9.  Find  the  enthalpy  (per  pound  of  dry  air)  of  air  at  96  F,  60  per  cent 
saturation  and  29.921  in.  Hg. 

Solution.    Using  Table  6,  h  =  23.04  +  (0.60  X  41.58)  =  47.99  Btu  per  pound  dry  air. 

Thermodynamic  Wet-bulb  Temperature 

If  liquid  (or  solid)  water  be  injected  into  an  air  stream  it  will  evaporate 
and  thus  increase  the  humidity  ratio  of  the  air.  Enough  water  "may  be 
injected  to  saturate  the  air.  If  the  process  is  one  of  steady  flow  with 
observed  pressure  constant  ;  if  it  is  adiabatic',  and  if  the  temperature  at 
which  the  air  reaches  saturation  coincides  with  the  temperature  of  the 
liquid  (or  solid)  as  added  ;  then  the  common  temperature  is  called  thermo- 
dynamic  wet-bulb  temperature.  This  lengthy  definition  is  easily  visualized 
by  referring  to  Fig.  1  in  which  few  denotes  the  specific  enthalpy  of  the 
liquid  (or  solid)  as  injected. 

The  process  being  adiabatic,  weight  and  energy  accountings  give 

h  +  (Ws  -  Wi)  C  =  hs  (20) 

If  the  temperature  of  the  saturated  air  at  the  leaving  section  coincides 
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with  that  of  the  injected  liquid  (or  solid),  then  WQ1  ti*  and  h*  are  functions 
of  a  single  temperature  f  which  can  therefore  be  determined  by  solving 
(20).  This  is  the  thermodynamlc  wet-bulb  temperature  corresponding 
to  conditions  at  the  entering  section. 

Example  10.    Find  the  thermodynamic  wet-bulb  temperature  of  dry  air  at  80  F  and 
29,921  in.  Hg. 

Solution.    Using  Table  6,  the  equation  to  be  solved  is  19.19  +  (Wa  -  0)  h*  =  hs. 

A  trial  value  is  obtained  by  ignoring  the  small  quantity  (WG  —  0)  fcw;  it  is  48  F  corres- 
sponding  to  hB  -  19.19  Btu  per  pound  dry  air.  A  final  value  of  48.26  F  is  then  obtained 
from  hQ  -  19.19  +  (0.007072  X  16.1)  =  19.30  Btu  per  pound  dry  air. 

Example  11.    Find  the  degree  of  saturation  of  moist  air  at  90  F  dry-bulb,  70  F  wet- 
bulb  and  29.921  in.  Hg. 

Solution.    Using  Table  6,  the  equation  to  be  solved  is  (21.59  +  34.11  ji)  +  (0.01574 
-  0,03102iO  X  38.0  =  33.96  from  which 

PL  =»  11.77  -5-  32.93  -  0.357  or  35.7  per  cent. 


/""( 


(Wi-Wi)  Ib  liquid  (or  solid)  water  at  t1 
" 


1  Ib  dry  air  ""I""*"  ,      1  Ib  dry  air  -\  ta,i 

Wi  Ib  water  vapor  —  H"  —  >—  w«-  1  *  wtttr  vapor  L 

1]  Btu  __^  _  _^  b»  Btu  J 


Insulated  walls^ 

FIG  1.    DIAGRAM  ILLUSTRATING  THERMODYNAMIC  WET-BULB  TEMPERATURE 

It  is  important  to  note  in  connection  with  Equation  20  that  the  enthalpy 
per  pound  dry  air  is  not  constant  along  a  line  of  constant  thermodynamic 
wet-bulb  temperature  on  account  of  the  term  (WB  —  W\)  h^.  In  rough 
calculations,  however,  it  is  usually  legitimate  to  ignore  this  term. 

Thermodynamic  wet-bulb  is  an  important  property  of  moist  air 
because  it  is  approximately  the  temperature  indicated  by  the  wet-bulb 
psychrometer.  This  instrument  consists  of  a  thermometer  with  its  bulb 
covered  with  gauze  moistened  with  clean  liquid  water.  It  is  whirled 
through  the  air  until  the  thermometer  reads  a  steady  temperature.  At 
this  point,  the  temperature  of  the  liquid  evaporating  from  the  wetted 
surface  has  adjusted  itself  so  that  the  air  immediately  in  contact  with 
the  liquid  is  brought  to  saturation  at  the  same  temperature.  Unfortu- 
nately, the  mixing  taking  place  beyond  the  liquid  surface  is  not  adiabatic; 
for  one  reason  because  the  wet-bulb  sees  objects  at  dry  -bulb  temperature 
and  considerable  heat  is  transferred  by  radiation.  Also  there  are  other 
reasons  why  the  readings  of  the  psychrometer  depend  upon  the  design 
of  the  instrument,  the  velocity  of  the  air  stream  in  which  it  is  placed, 
and  other  factors.  Therefore  wet-bulb  temperature  as  indicated  by  the 
psychrometer  cannot  be  regarded  as  a  thermodynamic  property;  in  fact, 
the  approximate  agreement  with  thermodynamic  wet-bulb  temperature 
in  the  case  of  moist  air  has  been  shown  to  be  largely  fortuitous. 
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Mollier  Diagram 

A  thermodynamic  analysis  of  any  air  conditioning  process  consists  in 
writing:  (1)  a  weight  balance  for  the  dry  air;  (2)  a  weight  balance  for 
the  water;  (3)  an  energy  balance.  The  first  is  reduced  to  its  simplest 
form  by  basing  all  quantities  on  one  pound  of  dry  air.  The  second  is  the 
most  simply  expressed  in  terms  of  humidity  ratio,  or  weight  of  water  per 
pound  of  dry  air.  Since  most  air  conditioning  processes  are  of  the  steady 
flow  type  in  which  the  thermal  energy  convected  with  the  fluid  is  its 
enthalpy,  the  third  is  most  simply  expressed  in  terms  of  enthalpy  per 
pound  of  dry  air.  It  is  clear,  therefore,  that  humidity  ratio  W  and  en- 
thalpy per  pound  of  dry  air  h  are  fundamental  coordinates.  Their  use 
for  the  purpose  of  graphical  representation  is  due  to  Mollier.  A  con- 
venient modification  of  the  Mollier  diagram  devised  by  Goff  is  obtained 
by  taking  humidity  ratio  W  as  ordinate  and  reduced  enthalpy  (h  —  1000TF) 
as  abscissa,  as  shown  in  the  chart  enclosed  in  the  envelope  attached  to  the 
inside  back  cover  of  this  book. 

The  reasons  for  the  use  of  the  difference  (h  —  1000  WO  as  abscissa 
instead  of  h  itself  in  the  Mollier  Diagram  for  Moist  Air  are  the  following: 
(1)  it  amounts  to  plotting  on  oblique  coordinates  and  thus  reduces  to  con- 
venient proportions  a  diagram  which  would  otherwise  take  the  form  of  a 
scroll;  (2)  by  the  choice  of  the  factor  1000  the  necessary  multiplication 
reduces  to  shifting  the  decimal  point;  (3)  the  ease  with  which  the  ordinate 
W  can  be  multiplied  by  1000  and  added  to  the  abscissa  to  obtain  the 
enthalpy  h  makes  it  unnecessary  to  complicate  the  chart  by  a  family  of 
isenthalpic  lines. 

In  the  Mollier  diagram,  the  lines  inclined  upward  and  slightly  to  the 
right  are  lines  of  constant  (dry-bulb)  temperature.  They  are  straight 
under  Dalton's  Law  but  actually  have  slight  curvature.  The  lines  in- 
clined upward  to  the  left  are  lines  of  constant  thermodynamic  wet-bulb 
and  are  straight  by  definition.  The  dry-bulb  and  wet-bulb  lines  meet  at 
the  saturation  curve  and  coincide  in  the  region  to  the  left  of  this  curve. 
This  region  is  divided  into  three  subregions  by  the  narrow  wedge  with  apex 
at  the  junction  of  the  32  F  wet-bulb  and  dry-bulb  lines.  Above  the  wedge, 
the  mixture  consists  of  two  distinct  phases,  saturated  vapor  and  saturated 
liquid.  At  point  ^4,  for  example,  the  temperature  is  60  F  and  the  vapor 
phase  contains  0.01103  pounds  of  water  vapor  per  pound  of  dry  air  from 
Table  6.  From  the  Mollier  diagram,  W  =  0.016  Ib,  leaving  0.00497  Ib  per 
pound  dry  air  in  the  liquid  phase.  The  total  enthalpy  of  the  mixture  is 
10.51  +  (1000  X  0.016)  =  26.51  Btu  per  pound  dry  air  of  which  15.34  + 
(1000  X  0.01103)  =  26.37  Btu  per  pound  dry  air  is  contributed  by  the 
vapor  phase. 

Within  the  wedge,  the  mixture  consists  of  three  distinct  phases,  satu- 
rated vapor,  saturated  solid  and  saturated  liquid.  The  temperature  is 
32  F;  and  the  relative  proportions  of  the  three  phases  depend  upon  the 
location  of  the  state  point  within  the  wedge.  Below  the  wedge,  the  mix- 
ture consists  of  saturated  vapor  and  saturated  solid. 

The  curved  lines  in  the  single  vapor-phase  region  to  the  right  of  the 
saturation  curve  are  lines  of  constant  per  cent  saturation.  Lines  of  con- 
stant dew-point  are,  of  course,  horizontal  straight  lines  of  constant 
humidity  ratio.  At  point  B,  for  example,  the  dry-bulb  temperature  is 
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TABLE  8.    PROPERTIES  OF  SATURATED  STEAM:    PRESSURE  TABLE* 


AES. 
PRESS. 
IN.  HG. 
P 

TEMP 
F 
t 

SPECIFIC  VOLUME 

ENTHALPY 

ENTROPY 

ABS. 
PRKSS, 

IN.  Ho. 
P 

Sat. 
Liquid 

vt 

Sat. 
Vapor 
Ve 

Sat. 
Li  Quid 
*f 

Evap. 
hls 

Sat. 
Vapor 
hg 

Sat. 
Liquid 
6'f 

Evap. 
•Sft 

Sat. 
Vapor 

0.25 

40.23 

0,01602 

2423.7 

8.28 

1071.1 

1079.4 

0.0100 

2.1423 

2.1580 

0.25 

0.50 

58.80 

0.01004 

1256.4 

26.86 

1060.6 

1087.5 

0.0532 

2.0453 

2.0985 

0.50 

0.75 

70.43 

0.01006 

856.1 

38.47 

10,r)4.0 

1092.5 

0.0754 

1.9881 

2.0035 

0.75 

1.00 

79.03 

0.01008 

652.3 

47.05 

1049,2 

1096.3 

0..0914 

1.9473 

2.0387 

1.00 

1.5 

91.72 

0.01611 

444.9 

59.71 

1042.0 

1101.7 

0.1147 

1.8894 

2.0041 

1.5 

2 

101.14 

0.01614 

339.2 

69.10 

1036.0 

1105.7 

0.1310 

1.8481 

1.0707 

2 

4 

125.43 

0.01022 

176.7 

93.34 

1022.7 

1116.0 

0.1738 

1.7476 

1.9214 

4 

6 

140.78 

0.01630 

120.72 

108.67 

1013.6 

1122.3 

0  1996 

1.0881 

1.8877 

6 

8 

152.24 

0.01635 

92.16 

120.13 

1006.9 

1127.0 

0.2186 

1.6454 

1.8040 

8 

10 

161.49 

0.01640 

74.76 

129.38 

1001.4 

1130.8 

0.2335 

1.6121 

1.8450 

10 

12 

169.28 

0.01644 

63.03 

137.18 

996.7 

1133.9 

0.24GO 

1.5817 

1.8307 

12 

14 

176.05 

0.01648 

54.55 

143.96 

992.6 

1136.6 

0.2/568 

1,5613 

1.8181 

14 

16 

182.05 

0.01652 

48.14 

149.98 

988,9 

1138.9 

0.2662 

1.5410 

1.8072 

16 

18 

187.45 

0.01655 

43.11 

155.39 

985,7 

1141.1 

0.2740 

1,5231 

1,7977 

18 

20 

192.37 

0.01658 

39.07 

160.33 

982.7 

1143.0 

0.2822 

1,5069 

1.7891 

20 

22 

196.90 

0.01661 

35.73 

164,87 

979.8 

1144.7 

0.2891 

1.4923 

1.7814 

22 

24 

201.09 

0.01664 

32.94 

169.09 

977.2 

1140.3 

0.2955 

1.4789 

1.7744 

24 

26 

205.00 

0.01667 

30.56 

173.02 

974.8 

1147.8 

0.3014 

1.4065 

1.7670 

26 

28 

208.67 

0.01669 

28.52 

176.72 

972.5 

1149.2 

0.3069 

1.4550 

1.7619 

28 

30 

212.13 

0.01672 

26.74 

180.19 

970,3 

1150.5 

0.3122 

1.4442 

1.7564 

30 

LB/SQ  IN. 

LB/SQ  IN. 

14.696 

212,00 

0.01672 

26.80 

180.07 

970.3 

11,10.4 

0.3120 

1.4440 

1.7500 

14.696 

16 

216.32 

0.01674 

24.75 

184.42 

967.0 

11,52.0 

0.3184 

1.4813 

1.7497 

16 

18 

222.41 

0,01679 

22.17 

190.56 

963.6 

1154.2 

0.3275 

1.4128 

1.740H 

18 

20 

227.96 

0.01683 

20.089 

106.16 

960.1 

lir,6.3 

0.3850 

1.3062 

1.7319 

20 

22 

233.07 

0'.01687 

18.375 

201.33 

956.8 

1158.1 

0.3431 

1.3811 

1.7242 

22 

24 

237.82 

0.01691 

16.938 

206.14 

953.7 

1159.8 

0.3500 

1.3(572 

1.7172 

24 

26 

242.25 

0.01694 

15.715 

210.02 

950.7 

1161.3 

0.3564 

1.3544 

1.7108 

26 

28 

246.41 

0.01698 

14.663 

214.83 

947.9 

1162.7 

0.3623 

1.342f> 

1.7048 

28 

30 

250.33 

0.01701 

13.746 

218,82 

945.3 

1164.1 

0.3680 

1.3313 

1.6093 

30 

32 

254.05 

0.01704 

12.940 

222.59 

942.8 

1105.4 

0,3733 

1.3209 

1.6041 

32 

34 

257,58 

0.01707 

12.22fi 

226.18 

940.3 

1106.5 

0.3783 

1.3110 

1.0803 

34 

36 

260.95 

0.01709 

11.588 

229.60 

938.0 

1167.6 

0,3831 

1.3017 

1.6848 

36 

38 

264.16 

0.01712 

11.01,5 

232.89 

935.8 

1168.7 

0.3876 

1.2929 

1.0805 

38 

40 

267.25 

0.01715 

10,498 

236.03 

933.7 

1169.7 

0.3919 

1.2844 

1.0703 

40 

42 

270.21 

0.01717 

10.029 

239.04 

931.0 

1170.7 

0.3900 

1.2704 

1.0724 

42 

44 

273.05 

0.01720 

9.601 

241.95 

929.0 

1171.6 

0.4000 

1.2087 

1.6687 

44 

46 

275.80 

0.01722 

9.209 

244.75 

927.7 

1172.4 

0.4088 

1.2013 

1.0052 

46 

48 

278.45 

0.01725 

8.848 

247.47 

925.8 

1173,3 

0.4075 

1.2542 

1.6017 

48 

50 

281.01 

0.01727 

8.515 

250.09 

924.0 

1174.1 

0.4110 

1.2474 

1.6585 

50 

52 

283.49 

0.01729 

8.208 

252.C3 

922.2 

1174.8 

0.4144 

1.2409 

1.6553 

52 

54 

285.90 

0.01731 

7.922 

255.09 

920.5 

1175.6 

0.4177 

1.2.'MO 

1.052,'* 

54 

56 

288.23 

0,01733 

7,656 

257.50 

918.8 

1176.3 

0.4209 

1.2285 

1.6404 

56 

58 

290.50 

0.01736 

7.407 

259.82 

917.1 

1176.9 

0,4240 

1.2220 

1.6400 

58 

60 

292.71 

0,01738 

7.175 

262.09 

915.5 

1177.6 

0.4270 

1.2108 

1.6438 

60 

62 

294,85 

0.01740 

6.957 

264.30 

913.9 

1178.2 

0.4300 

1.2112 

1.0412 

62 

64 

296.94 

0.01742 

6.752 

266.45 

912.3 

1178.8 

0.4328 

1  .2059 

1.0387 

64 

66 

298,99 

0.01744 

6.560 

268.55 

910.8 

1179.4 

0.4356 

1.2000 

l.OMa 

66 

68 

300.98 

0.01746 

6,378 

270.60 

909.4 

1180.0 

0.4383 

1.1955 

1.0338 

6$ 

70 

302.92 

0.01748 

6.206 

272.61 

907,9 

1180.6 

0.4409 

1.1900 

1.0315 

70 

72 

304.83 

0.01750 

6.044 

274.57 

906.5 

1181.1 

0.4435 

1.1857 

1.6292 

72 

74 

306.68 

0.01752 

5,890 

276.49 

905.1 

1181.0 

0.4460 

1.1810 

1.6270 

74 

76 

308.50 

0.01754 

5.743 

278.37 

903.7 

1182.1 

0.4484 

1.1764 

1.6248 

76 

78 

310.29 

0.01755 

5.604 

280.21 

902.4 

1182,6 

0.4508 

1.1720 

1.6228 

78 

80 

312.03 

0.01757 

5.472 

282.02 

901.1 

1183.1 

0.4531 

1,1070 

1.6207 

80 

82 

313.74 

0.01759 

5.346 

283.79 

899.7 

1183.5 

0.4554 

1.1633 

1.0187 

82 

84 

315,42 

0.01761 

5.226 

285.53 

89S.5 

1184.0 

0,4576 

1.1592 

1.6108 

84 

86 

317.07 

0.01762 

5.111 

287.24 

897.2 

1184.4 

0.4598 

1.1551 

1.6149 

86 

88 

318.68 

0.01764 

5.001 

288.91 

895,9 

1184.8 

0.4620 

1.1510 

1.6130 

88 

90 

320.27 

0.01766 

4.896 

290.56 

894.7 

1185.3 

0.4041 

1.1471 

1.6112 

90 

92 

321.83 

0.01768 

4.796 

292.18 

893.5 

1185.7 

0.4061 

1.1433 

1.6094 

92 

94 

323.36 

0.01769 

4.699 

293.78 

892.3 

11S6.1 

0.4682 

1.1394 

1.6076 

94 

96 

324.87 

0,01771 

4.606 

295.34 

801.1 

1186.4 

0,4702 

1.1358 

1.6000 

96 

98 

326.35 

0.01772 

4.517 

296.89 

889.9 

1186.8 

0.4721 

1.1322 

1.6043 

98 

100 

327.81 

0.01774 

4.432 

298.40 

888.8 

1187.2 

0.4740 

1.1286 

1.6026 

100 

150 

358.42 

0.01809 

3.015 

330.51 

863.6 

1194.1 

0.5138 

0.0556 

1.5694 

150 

200 

381.79 

0.01839 

2.288 

355.36 

843.0 

1198.4 

0.5435 

1.0018 

1.5453 

200 

300 

417.33 

0.01890 

1.5433 

393.84 

809.0 

1202.8 

0.5879 

0.9225 

1.5104 

300 

400 

444.59 

0.0193 

1.1613 

424.0 

780.5 

1204.5 

0.6214 

0.8630 

1.4844 

400 

500 

467.01 

0.0197 

0.9278 

449.4 

755.0 

1204.4 

0.6487 

0.8147 

1.4634 

500 

»  Reprinted  by  permission  from  Thermodynamic  Properties  of  Steam,  by  J.  H.  Keenan  and  F.  G.  Keyes, 
published  by  John  Wiley  and  Sons,  Inc.,  1936  edition. 
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CHAPTER  1.    THERMODYNAMICS  OF  AIR  AND  WATER  MIXTURES 


TABLE  8.     PROPERTIES  OF  SATURATED  STEAM:    TEMPERATURE  TABLE3- 


ABS.  PF 

ESSURE 

SPEC 

IFIC  VOI 

-UME 

I 

3NTHALP 

Y 

ENTROPT, 

r 

TEMP 
F 
t 

Lbper 
Sqln. 
P 

In.  Hg 
P 

Sat. 
Liquid 

V{ 

Evap. 

Sat. 
Vapor 

Sat. 
Liquid 

Evap. 

Sat. 
Vapor 

Sat. 
Liquid 

Evap. 

Sat. 
Vapor 

TEMP 
F 
t 

32 

0.08854 

0.1803 

0.01602 

3306 

3306 

0.00 

1075.8 

1075.8 

0.0000 

2.1877 

2.1877 

32 

33 

0.09223 

0.1878 

0.01602 

3180 

3180 

1.01 

1075.2 

1076.2 

0.0020 

2.1821 

2.1841 

33 

34 

0.09603 

0.1955 

0.01602 

3061 

3061 

2.02 

1074.7 

1076.7 

0.0041 

2.1764 

2.1805 

34 

35 

0.09995 

0.2035 

0.01602 

2947 

2947 

3.02 

1074.1 

1077.1 

0.0061 

2.1709 

2.1770 

35 

36 

0.10401 

0.2118 

0.01602 

2837 

2837 

4.03 

1073.6 

1077.6 

0.0081 

2.1654 

2.1735 

36 

37 

0.10821 

0.2203 

0.01602 

2732 

2732 

5.04 

1073.0 

1078.0 

0.0102 

2.1598 

2.1700 

37 

38 

0.11256 

0.2292 

0.01602 

2632 

2632 

6.04 

1072.4 

1078.4 

0.0122 

2.1544 

2.1666 

38 

39 

0.11705 

0.2383 

0.01602 

2536 

2536 

7.04 

1071.9 

1078.9 

0.0142 

2.1489 

2.1631 

39 

40 

0.12170 

0.2478 

0.01602 

2444 

2444 

8.05 

1071.3 

1079.3 

0.0162 

2.1435 

2.1597 

40 

41 

0.12652 

0.2576 

0.01602 

2356 

2356 

9.05 

1070.7 

1079.7 

0.0182 

2.1381 

2.1563 

41 

42 

0.13150 

0.2677 

0.01602 

2271 

2271 

10.05 

1070.1 

1080.2 

0.0202 

2.1327 

2.1529 

42 

43 

0.13665 

0.2782 

0.01602 

2190 

2190 

11.06 

1069.5 

1080.6 

0.0222 

2.1274 

2.1496 

43 

44 

0.14199 

0.2891 

0.01602 

2112 

2112 

12.06 

1068.9 

1081.0 

0.0242 

2.1220 

2.1462 

44 

45 

0.14752 

0.3004 

0.01602 

2036.4 

2036.4 

13.06 

1068.4 

1081.5 

0.0262 

2.1167 

2.1429 

45 

46 

0.15323 

0.3120 

0.01602 

1964.3 

1964.3 

14.06 

1067.8 

1081.9 

0.0282 

2.1113 

2.1395 

46 

47 

0.15914 

0.3240 

0.01603 

1895.1 

1895.1 

15.07 

1067.3 

1082.4 

0.0302 

2.1060 

2.1362 

47 

48 

0.16525 

0.3364 

0.01603 

1828.6 

1828.6 

16.07 

1066.7 

1082.8 

0.0321 

2.1008 

2.1329 

48 

49 

0.17157 

0.3493 

0.01603 

1764.7 

1764.7 

17.07 

1066.1 

1083.2 

0.0341 

2.0956 

2.1297 

49 

50 

0.17811 

0.3626 

0.01603 

1703.2 

1703.2 

18.07 

1065.6 

1083.7 

0.0361 

2,0903 

2.1264 

50 

51 

0.18486 

0.3764 

0.01603 

1644.2 

1644.2 

19.07 

1065.0 

1084.1 

0.0380 

2.0852 

2.1232 

51 

52 

0.19182 

0.3906 

0.01603 

1587.6 

1587.6 

20.07 

1064.4 

1084.5 

0.0400 

2.0799 

2.1199 

52 

53 

0.19900 

0.4052 

0.01603 

1533.3 

1533.3 

21.07 

1063.9 

1085.0 

0.0420 

2.0747 

2.1167 

53 

54 

0.20642 

0.4203 

0.01603 

1481.0 

1481.0 

22.07 

1063.3 

1085.4 

0.0439 

2.0697 

2.1136 

54 

55 

0.2141 

0.4359 

0.01603 

1430.7 

1430.7 

23.07 

1062.7 

1085.8 

0.0459 

2.0645 

2.1104 

55 

56 

0.2220 

0.4520 

0.01603 

1382.4 

1382.4 

24.06 

1062.2 

1086.3 

0.0478 

2.0594 

2.1072 

56 

57 

0.2302 

0.4686 

0.01603 

1335.9 

1335.9 

25.06 

1061.6 

1086.7 

2.0497 

2.0544 

2.1041 

57 

58 

0.2386 

0.4858 

0.01604 

1291.1 

1291.1 

26.06 

1061.0 

1087.1 

0.0517 

2.0493 

2.1010 

58 

59 

0.2473 

0.5035 

0.01604 

1248.1 

1248.1 

27.06 

1060.5 

1087.6 

0.0536 

2.0443 

2.0979 

59 

60 

0.2563 

0.5218 

0.01604 

1206.6 

1206.7 

28.06 

1059.9 

1088.0 

0.0555 

2.0393 

2.0948 

60 

61 

0.2655 

0.5407 

0.01604 

1166.8 

1166.8 

29.06 

1059.3 

1088.4 

0.0574 

2.0343 

2.0917 

61 

62 

0.2751 

0.5601 

0.01604 

1128.4 

1128.4 

30.05 

1058.8 

1088.9 

0.0593 

2.0293 

2.0886 

62 

63 

0.2850 

0.5802 

0.01604 

1091.4 

1091.4 

31.05 

1058.2 

1089.3 

0.0613 

2.0243 

2.0856 

63 

64 

0.2951 

0.6009 

0.01605 

1055.7 

1055.7 

32.05 

1057.6 

1089.7 

0.0632 

2.0194 

2.0826 

64 

65 

0.3056 

0.6222 

0.01605 

1021.4 

1021.4 

33.05 

1057.1 

1090.2 

0.0651 

2.0145 

2.0796 

65 

66 

0.3164 

0.6442 

0.01605 

988.4 

988.4 

34.05 

1056.5 

1090.6 

0.0670 

2.0096 

2.0766 

66 

67 

0.3276 

0.6669 

0.01605 

956.6 

956.6 

35.05 

1056.0 

1091.0 

0.0689 

2.0047 

2.0736 

67 

68 

0.3390 

0.6903 

0.01605 

925.9 

925.9 

36.04 

1055.5 

1091.5 

0.0708 

1.9998 

2.0706 

68 

69 

0.3509 

0.7144 

0.01605 

896.3 

896.3 

37.04 

1054.9 

1091.9 

0.0726 

1.9950 

2.0676 

69 

70 

0.3631 

0.7392 

0.01606 

867.8 

867.9 

38.04 

1054.3 

1092.3 

0.0745 

1.9902 

2.0647 

70 

71 

0.3756 

0.7648 

0.01606 

840.4 

840.4 

39.04 

1053.8 

1092.8 

0.0764 

1.9854 

2.0618 

71 

72 

0.3886- 

0.7912 

0.01606 

813.9 

813.9 

40.04 

1053.2 

1093.2 

0.0783 

1.9805 

2.0588 

72 

73 

0.4019 

0.8183 

0.01606 

788.3 

788.4 

41.03 

1052.6 

1093.6 

0.0802 

1.9757 

2.0559 

73 

74 

0.4156 

0.8462 

0.01606 

763.7 

763.8 

42.03 

1052.1 

1094.1 

0.0820 

1.9710 

2.0530 

74 

75 

0.4298 

0.8750 

0.01607 

740.0 

740.0 

43.03 

1051.5 

1094.5 

0.0839 

1.9663 

2.0502 

75 

76 

0.4443 

0.9046 

0.01607 

717.1 

717.1 

44.03 

1050.9 

1094.9 

0.0858 

1.9615 

2.0473 

76 

77 

0.4593 

0.9352 

0.01607 

694.9 

694.9 

45.02 

1050.4 

1095.4 

0.0876 

1.9569 

2.0445 

77 

78 

0.4747 

0.9666 

0.01607 

673.6 

673.6 

46.02 

1049.8 

1095.8 

0.0895 

1.9521 

2.0416 

78 

79 

0.4906 

0.9989 

0.01608 

653.0 

653.0 

47.02 

1049.2 

1096.2 

0.0913 

1.9475 

2.0388 

79 

80 

0.5069 

1.0321 

0.01608 

633.1 

633.1 

48.02 

1048.6 

1096.6 

0.0932 

1.9428 

2.0360 

80 

81 

0.5237 

1.0664 

0.01608 

613.9 

613.9 

49.02 

1048.1 

1097.1 

0.0950 

1.9382 

2.0332 

81 

82 

0.5410 

1.1016 

0.01608 

595.3 

595.3 

50.01 

1047.5 

1097.5 

0.0969 

1.9335 

2.0304 

82 

83 

0.5588 

1.1378 

0.01609 

577.4 

577.4 

51.01 

1046.9 

1097.9 

0.0987 

1.9290 

2.0277 

83 

84 

0.5771 

1.1750 

0.01609 

560.1 

560.2 

52.01 

1046.4 

1098.4 

0.1005 

1.9244 

2.0249 

84 

85 

0.5959 

1.2133 

0.01609 

543.4 

543.5 

53.00 

1045.8 

1098.8 

0.1024 

1.9198 

2.0222 

85 

86 

0.6152 

1.2527 

0.01609 

527.3 

527.3 

54.00 

1045.2 

1099.2 

0.1042 

1.9153 

2.0195 

86 

87 

0.6351 

1.2931 

0.01610 

511.7 

511.7 

55.00 

1044.7 

1099.7 

0.1060 

1.9108 

2.0168 

87 

88 

0.6556 

1.3347 

0.01610 

496.6 

496.7 

56.00 

1044.1 

1100.1 

0.1079 

1.9062 

2.0141 

88 

89 

0.6766 

1.3775 

0.01610 

482.1 

482.1 

56.99 

1043.5 

1100.5 

0.1097 

1.9017 

2.0114 

89 

90 

0.6982 

1.4215 

0.01610 

468.0 

468.0 

57.99 

1042.9 

1100.9 

0.1115 

1.8972 

2.0087 

90 

91 

0.7204 

1.4667 

0.01611 

454.4 

454.4 

58.99 

1042.4 

1101.4 

0.1133 

1.8927 

2.0060 

91 

92 

0.7432 

1.5131 

0.01611 

441.2 

441.3 

59.99 

1041.8 

1101.8 

0.1151 

1.8883 

2.0034 

92 

93 

0.7666 

1.5608 

0.01611 

428.5 

428.5 

60.98 

1041.2 

1102.2 

0.1169 

1.8838 

2.0007 

93 

94 

0.7906 

1.6097 

0.01612 

416.2 

416.2 

61.98 

1040.7 

1102.6 

0.1187 

1.8794 

1.9981 

94 

95 

0.8153 

1.6600 

0.01612 

404.3 

404.3 

62.98 

1040.1 

1103.1 

0.1205 

1.8750 

1.9955 

95 

96 

0.8407 

1.7117 

0.01612 

392.8 

392.8 

63.98 

1039.5 

1103.5 

0.1223 

1.8706 

1.9929 

96 

97 

0.8668 

1.7647 

0.01612 

381.7 

381.7 

64.97 

1038.9 

1103.9 

0.1241 

1.8662 

1.9903 

97 

98 

0.8935 

1.8192 

0.01613 

370.9 

370.9 

65.97 

1038.4 

1104.4 

0.1259 

1.8618 

1.9877 

98 

99 

Q.9210 

1.8751 

0.01613 

360,4 

360.5 

66.97 

1037.8 

1104.8 

0.1277 

1,8575 

1,9852 

99 

100 

0.9492 

1.9325 

0.01613 

350.3 

350.4 

67.97 

1037.2 

1105.2 

0.1295 

1.8531 

1,9826 

100 

101 

0.9781 

1.9915 

0.01614 

340.6 

340.6 

68.96 

1036.6 

1105.6 

0.1313 

1.8488 

1.9801 

101 

^Reprinted  by  permission  from  Thermodynamic  Properties  of  Steam,  by  J.  H.  Keenan  and  F.  G.  Keyes, 
published  by  John  Wiley  and  Sons,  Inc.,  1936  edition. 
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HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


TABLE  9.    WEIGHT  OF  SATURATED  AND  PARTLY  SATURATED  Ama 


DHY-BUUB 
TUMP 
DEG  F 

WEIGHT  OP  SATURATED  Am  FOB  VARIOUS  BAROMETRIC  AND 
HYGROMETRIC  CONDITIONS—  POUNDS  PER  CUBIC  FOOT 

APPROX. 
AVERAGE 
INCREASE 
IN  WEIGHT 
PER  Dma 
WET-BULB 
DEPRESSION 

Barometric  Pressure  Inches  of  Mercury 

Increase 
In  Weight 
Per  0.1  in. 
Rise  in 
Barometer 

28.5 

29.0 

29.5 

30.0 

30.5 

31.0 

30 
32 
34 
36 

0.07703 
0.07671 
0.07638 
0.07605 

0.07839 
0.07806 
0.07772 
0.07739 

0.07974 
0,07940 
0.07907 
0.07873 

0.08110 
0.08075 
0.08041 
0,08007 

0.08245 
0.08210 
0.08175 
0.08141 

0.08381 
0.08345 
0.08310 
0.08274 

0.00027 
0.00027 
0.00027 
0.00027 

0.000017 
0.000017 
0.000018 
0.000018 

38 
40 
42 
44 

0.07573 
0,07541 
0.07509 
0.07477 

0.07706 
0.07674 
0.07641 
0.07609 

0.07840 
0.07806 
0.07773 
0.07740 

0.07973 
0.07939 
0.07905 
0,07872 

0.08106 
0.08072 
0.08038 
0.08004 

0.08239 
0.08205 
0.08170 
0.08135 

0.00027 
0.00027 
0.00026 
0.00026 

0.000019 
0.000019 
0.000020 
0.000020 

46 
48 
50 

52 

0.07445 
0.07413 
0.07381 
0.07350 

0.07576 
0.07544 
0.07512 
0.07479 

0.07707 
0.07674 
0.07642 
0.07609 

0,07838 
0.07805 
0.07772 
0.07739 

0.07970 
0.07936 
0.07902 
0.07868 

0.08101 
0.08066 
0.08032 
0,07998 

0.00026 
0.00026 
0.00026 
0.00026 

0.000021 
0.000021 
0.000022 
0.000023 

54 

56 
58 
60 

0.07318 
0,07287 
0.07255 
0.07224 

0.07447 
0.07415 
0.07383 
0.07352 

0.07576 
0.07544 
0.07512 
0.07479 

0.07706 
0,07673 
0.07640 
0.07607 

0.07835 
0.07801 
0.07768 
0.07734 

0.07964 
0,07930 
0.07896 
0.07862 

0.00026 
0.00026 
0.00026 
0.00026 

0.000023 
0.000024 
0.000025 
0.000026 

62 
64 
66 
68 

0.07193 
0.07161 
0.07130 
0,07098 

0.07320 
0.07288 
0.07256 
0.07224 

0.07447 
0.07414 
0.07382 
0.07350 

0.07574 
0.07541 
0.07508 
0.07475 

0.07701 
0.07668 
0.07634 
0.07601 

0.07828 
0.07794 
0.07760 
0.07727 

0.00026 
0.00026 
0.00026 
0.00026 

0.000027 
0,000028 
0.000029 
0.000030 

70 

72 
74 
76 

0,07067 
0.07035 
0.07004 
0.06972 

0.07192 
0.07160 
0.07128 
0.07096 

0.07317 
0.07285 
0.07252 
0.07220 

0.07442 
0.07410 
0.07377 
0.07343 

0.07568 
0.07534 
0.07501 
0.07467 

0.07693 
0.07659 
0.07625 
0.07591 

0.00026 
0.00025 
0.00025 
0.00025 

0,000031 
0.000032 
0.000033 
0.000034 

78 
80 
82 
84 

0.06940 
0,06909 
0.06877 
0,06845 

0.07064 
0.07032 
0.07000 
0.06967 

0.07187 
0.07155 
0.07122 
0.07089 

0.07310 
0.07277 
0.07244 
0.07211 

0.07434 
0.07400 
0.07366 
0.07333 

0.07557 
0.07523 
0.07489 
0.07454 

0.00025 
0.00025 
0.00024 
0.00024 

0.000036 
0.000037 
0.000039 
0.000040 

86 
88 
90 
92 

0.06812 
0.06780 
0.06748 
0.06715 

0.06934 
0.06901 
0.06868 
0.06835 

0.07056 
0.07022 
0.06989 
0.06955 

0.07177 
0.07143 
0.07109 
0.07075 

0,07299 
0.07264 
0.07230 
0.07195 

0.07420 
0.07385 
0.07351 
0.07316 

0.00024 
0.00024 
0.00024 
0.00024 

0.000042 
0.000043 
0.000045 
0,000047 

94 
96 
98 
100 

0.06682 
0.06648 
0.06615 
0,06581 

0.06801 
0.06768 
0.06734 
0.06700 

0.06921 
0.06887 
0.06853 
0.06818 

0.07041 
0.07006 
0.06972 
0.06937 

0.07161 
0.07126 
0.07091 
0.07055 

0.07280 
0.07245 
0.07209 
0.07174 

0.00024 
0.00024 
0.00024 
0.00024 

0.000049 
0.000051 
0.000053 
0.000055 

•Approximate  average  decrease  in  weight  per  0.1  F  rise  in  dry-bulb  temperature  equals  0.000017  Ib 
per  cubic  foot. 
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60  F,  the  thermodynamic  wet-bulb  is  50  F,  the  dew-point  is  40.8  F,  the 
degree  of  saturation  is  48.6  per  cent,  the  humidity  ratio  is  0.00536  Ib  per 
pound  dry  air,  and  the  enthalpy  is  14.85  +  (1000  X  0.00536)  =  20.21 
Btu  per  pound  dry  air. 

With  the  aid  of  the  Mollier  diagram,  it  is  easy  to  throw  the  definition 
of  thermodynamic  wet-bulb,  Equation  20,  into  a  more  familiar  form. 
Consider  the  three  points  1,  2,  3,  Fig.  2.  Point  3  is  located  with  respect 
to  points  1  and  2  so  that  Wz  =  Wi  and  k  =  fe.  Points  1  and  2,  being  on 
a  line  of  constant  thermodynamic  wet-bulb,  satisfy  Equation  20;  thus, 
h  -  hz  +  (Wz  -  Wd  tiWt2  =  fa-h3 

where  h%  has  been  subtracted  from  both  sides.  Under  Dalton's  Law, 
hz  —  hz  =  (W2_j-  PPi)  Aw,2j  moreover,  hi  —  h$  maybe  replaced  by  Si 
(t\  —  fe)  where  $1  is  often  referred  to  as  mean  humid  heat  and  may  be 
calculated  with  good  approximation  from 

*T  =  0.240  +  0.444  Wi  (21) 

Finally,  introducing  latent  heat  of  vaporization  at  the  wet-bulb  tempera- 


FIG.  2. 


ih-1000W) 

DIAGRAM  ILLUSTRATING  THERMODYNAMIC  WET-BULB  TEMPERATURE 


ture,  namely,  (&fg)2  =  (/iw  — 
the  subscript  2, 


Equation  20  becomes,  after  omitting 


Ws  - 


(22) 


it  being  understood  that  I^s  is  the  saturation  humidity  ratio  and  hfg,  the 
latent  heat,  at  the  wet-bulb  temperature  t}.  Equation  22  was  derived 
by  Carrier. 

Example  12.    Work  Example  10  using  Equation  22. 

Solution.  A  trial-by-error  method  is  involved.  Taking  48  F  as  a  trial  value  of  t\ 
(80  -  48)  +  (0.007072  -  0)  =  4520;  but  1066.7  -h  0.240  =  4440.  The  trial  value 
must,  therefore,  be  revised  upward,  the  final  solution  being  48.26  F  as  in  Example  10. 

TYPICAL  AIR  CONDITIONING  PROCESSES 

Illustrative  Examples.  The  use  of  Table  6  and  the  Mollier  diagram  in 
analyzing  typical  air  conditioning  processes  is  best  explained  by  the  use 
of  illustrative  examples.  In  each  of  these  examples,  the  observed  pressure 
is  assumed  to  be  standard  atmospheric  pressure  (29.921  in.  Hg). 
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Example  IS.  Heating,  Air  at  0  F  and  80  per  cent  saturation  is  to  be  heated  to  120  F. 
Analyze  the  process  as  illustrated  in  Fig.  3. 

Solution.  The  initial  humidity  ratio  is  0.80  X  0.0007852  =  0.000628  Ib  per  pound 
dry  air  (table).  This  same  value  is  read  directly  on  the  chart.  The  initial  enthalpy  is 
€.00  +  (0.80  X  0.832)  -  0.666  Btu  per  pound  dry  air  (table)  or  0.04  +  (1000  X  0.00063) 
=  0.67  (chart). 

The  final  degree  of  saturation  is  0.000628  -s-  0.08093  =  0.0078  (table) ;  hence  the  final 
enthalpy  is  28,80  +  (0.0078  X  90.09)  =  29.50  Btu  per  pound  (table)  or  28.87  +  (1000 
X  0.00063)  =  29.50  (chart). 


0,04  (h-1000  W)  28,87 

FIG.  3.    DIAGRAM  ILLUSTRATING  EXAMPLE  13 

The  increase  in  enthalpy  is  the  quantity  of  heat  to  be  supplied,  namely,  29.50  —  0.666 
=  28.83  Btu  per  pound  dry  air  (table).  Since  humidity  ratio  W  and  therefore  1000 TV" 
is  constant,  this  is  also  simply  the  horizontal  distance  between  the  representative  points 
on  the  chart;  thus,  the  heat  to  be  supplied  is  also  28.87  ~  0.04  =  28.83  Btu  per  pound 
dry  air  (chart). 

The  final  volume  is  14.60  +  (0.0078  X  1.90)  =  14.61  cu  ft  per  pound  (table).  There- 
fore, if  20,000  cfm  of  heated  air  is  to  be  supplied,  the  quantity  of  heat  required  is  (20,000 
+  14.61)  X  28.83  =  39,460  Btu  per  minute. 


001826 
0,01574 


FIG,  4,    DIAGRAM  ILLUSTRATING  EXAMPLE  14 

Example  14.  Cooling  and  separating.  Air  at  95  F  and  50  per  cent  saturation  is  to  be 
cooled  to  70  F  and  the  liquid  separated  out.  Analyze  the  process  as  shown  in  Fig.  4. 

Solution.  The  initial  humidity  ratio  is  0.50  X  0.03652  «  0.01826  (table).  The  initial 
enthalpy  is  22.80  +  (0.50  X  40.25)  =  42.93  Btu  per  pound  dry  air  (table)  or  24.67  + 
(1000  X  0.01826)  =  42.93  (chart). 

The  final  state  is  in  the  two-phase  region  and  consists  of  0.01574  Ib  water  per  pound 
dry  air  in  the  vapor  phase,  and  0.00252  Ib  water  per  pound  dry  air  in  the  liquid  phase. 
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The  final  enthalpy  is  therefor  33.96  +  (0.00252  X  38.04)  =  34.06  Btu  per  pound  dry  air 
(table)  or  15.80  +  (1000  X  0.01826)  =  34.06  (chart). 

The  decrease  of  enthalpy  is  the  refrigeration  to  be  supplied  and  is  42.93  —  34.06 
=  8.87  Btu  per  pound  dry  air  (table).  Since  the  weight  of  water  per  pound  of  dry  air  is 
constant,  this  is  also  the  horizontal  distance  between  the  representative  points  on  the 
chart,  namely,  24.67  -  15.80  =  8.87  Btu  per  pound  dry  air  (chart). 

The  initial  volume  is  13.97  +  (0.50  X  0.82)  =  14.38  cu  ft  per  pound  (table).  There- 
fore, if  20,000  cfm  of  initial  air  is  to  be  processed,  the  refrigeration  required  is  (20,000  X 
8.87)  -4-  (14.38  X  200)  =  61,7  tons.  The  weight  of  water  to  be  removed  is  (20,000  X 
0.00252)  +  14,38  =  3.51  Ib  per  minute. 

Example  15.  Adiabatic  Saturation  with  Recirculated  Spray  Water.  Air  at  75  F  and 
60  per  cent  saturation  is  saturated  adiabatically  with  spray  water  which  is  recirculated. 
Find  the^resulting  temperature  and  the  weight  of  water  added  per  pound  of  dry  air  as 
outlined  in  Fig.  5. 

Solution.  The  recirculated  water  will  assume  the  thermodynamic  wet-bulb  tempera- 
ture of  the  entering  air  which  will  also  be  the  temperature  of  the  resulting  saturated 
mixture.  The  humidity  ratio  of  the  entering  air  is- 0.60  X  0.01873  =  0.01124  Ib  water 
per  pound  dry  air  (table);  its  enthalpy  is  17.99  +  (0.60  X  20.47)  -  30.27  Btu  per  pound 


FIG.  5.    DIAGRAM  ILLUSTRATING  EXAMPLE  15 

dry  air  (table)  or  19.03  +  (1000  X  0.01124)   =  30.27  Btu  per  pound  dry  air  (chart). 
To  determine  the  resulting  temperature,  the  following  equation  must  be  solved. 


30.27  +  (PPt  -  0.01124) 


hs 


A  trial  value  is  65  F  corresponding  to  hs  =  30.27.  The  final  value  is  65.50  F  cor- 
responding to  hs  =  30.27  -f  (0.01320  -  0.01124)  X  33.05  =  30.34  Btu  per  pound  dry 
air.  The  weight  of  water  to  be  added  is  0.01344  -  0.01124  =  0.00200  Ib  per  pound 
dry  air. 

The  volume  of  the  entering  air  is  13.47  +  (0.60  X  0.40)  =  13.71  cu  ft  per  pound. 
If  20,000  cfm  of  entering  air  is  to  be  saturated,  the  weight  of  water  to  be  added  per 
minute  is  (20,000  X  0.00200)  -r-  13.71  =  2.92  Ib  per  minute. 

Adiabatic  Mixing  of  Two  Air  Streams 

A  typical  process  requiring  special  discussion  is  the  adiabatic  mixing 
of  two  air  streams.  Let  stream  1  contain  MI  pounds  of  dry  air  per  minute 
and  let  its  enthalpy  be  hi  and  its  humidity  ratio  W\.  Using  subscripts  2 
and  3  in  a  similar  manner  to  designate  stream  2  and  the  resulting  mixture 
respectively,  write: 


+  Mz  =  Ms 
i  + 
+ 


(weight  balance  for  the  dry  air) 
MtWt  (weight  balance  for  the  water) 

(energy  balance,  no  heat  absorbed) 
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Eliminating 


W*  - 


—  h\ 


(23) 


according  to  which :  on  the  Mollier  Chart  the  representative  point  of  the 
resulting  mixture  lies  on  the  straight  line  connecting  the  representative  points 
of  the  two  streams  being  mixed,  and  divides  the  line  into  two  segments  which 
are  in  the  same  ratio  as  the  weights  of  dry  air  in  the  two  streams.  It  must 
not  be  forgotten  that  this  analysis  assumes  adiabatic  mixing. 

Example  16.  Outside  air  at  0  F  and  80  per  cent  saturation  is  to  be  mixed  adiabatically 
with  recirculated  air  at  70  F  and  20  per  cent  saturation  in  the  ratio,  one  pound  of  dry 
air  in  the  former  to  seven  in  the  latter.  Find  the  temperature  and  degree  of  saturation 
of  the  resulting  mixture  as  shown  in  Fig,  6. 

Solution.    The  humidity  ratio  and  enthalpy,  of  the  resulting  mixture  satisfy 
0.003148  -  Wz        20.23^^!  =  J_ 
W9  -  0.000628       V-  0.666        7 


FIG.  6.    DIAGRAM  ILLUSTRATING  EXAMPLE  16 

whence, 

Ws  =  0.002833  Ib  water  per  pound  dry  air. 
hz  —  17.78  Btu  per  pound  dry  air. 

The  corresponding  temperature  and  degree  of  saturation  are  61,3  F  and  24.5  per  cent 
as  is  easily  verified  by  use  of  Table  6.  The  numerical  solution  is  somewhat  tedious,  but 
the  graphical  solution  is  easy. 

Adiabatic  Mixing  with  Injected  Water 

Another  typical  process  is  that  of  injecting  water  (solid,  liquid  or 
vapor)  into  an  air  stream  to  mix  adiabatically  with  it.    Let  the  subscripts 
1  and  2  refer  to  the  initial  and  final  conditions,  respectively;  then  write 
1+0  =1         (weight  balance  for  the  dry  air) 

Wi  +  (Wz  -  Wi)  =  W*      (weight  balance  for  the  water) 
hi  +  (Wz  —  W\)  hw  =  hz  (energy  balance,  no  heat  absorbed) 

The  first  two  are  identities  and  are  incorporated  in  the  third.    This  may 
be  rewritten  as  follows  : 


=  >• 


(24) 


and  shows  that  the  process  is  represented  by  a  straight  line  on  the  Mollier 
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diagram,  the  slope  of  the  line  being  determined  by  the  specific  enthalpy  of  the 
injected  water.  It  must  not  be  forgotten  that  the  analysis  assumes 
adiabatic  mixing.  Energy  connected  with  a  fluid  is  not  heat. 

Example  17.  It  is  desired  to  increase  the  humidity  ratio  of  air  at  70  F  without  changing 
its  temperature.  Under  what  conditions  may  water  be  injected  in  order  to  accomplish 
the  desired  result. 

Solution.  Under  Dalton's  Law  a  line  of  constant  (dry-bulb)  temperature  is  straight 
on  the  Mollier  diagram  and  its  slope  is  determined  by  the  specific  enthalpy  of  water 
vapor  at  the  given  temperature.  At  70  F,  hw  =  1092.3  Btu  per  pound;  hence  injection 
of  steam  having  this  specific  enthalpy  will  cause  the  representative  point  to  move  in  a 
direction  parallel  to  the  70  F  isotherm.  Saturated  steam  at  70  F  may  not  be  used  because 
its  pressure  is  only  0.7392  in.  Hg  and  it  cannot  therefore  be  injected  into  air  at  atmos- 
pheric pressure.  Saturated  steam  at  667.4  F,  2488  Ib  per  sq  inch  has  the  right  specific 
enthalpy  and  can  be  throttled  into  a  room  at  70  F  without  altering  the  room  temperature. 

Border  Scale 

On  the  Mollier  diagram  is  placed  a  border  scale  to  facilitate  the  graphical 
solution  of  problems  in  which  given  quantities  of  energy  and  water  are 
added  (or  withdrawn)  simultaneously  as  in  the  case  of  adiabatic  mixing 


lh-IOOOW) 

FIG.  7.    DIAGRAM  ILLUSTRATING  EXAMPLE  18 

with  injected  water.  All  marks  in  the  upper  half  of  this  scale  point  to 
the  lower  left  corner  of  the  chart  and  each  shows  the  direction  that  the 
representative  point  will  move  due  to  adiabatic  mixing  with  injected 
water  having  the  indicated  specific  enthalpy.  All  marks  in  the  lower 
half  of  the  scale  point  to  the  lower  right  corner  of  the  chart. 

Example  18.  If  dry  saturated  steam  at  20  Ib  per  square  inch  absolute  is  injected  into 
air  initially  at  60  F  and  30  per  cent  relative  humidity  to  raise  the  temperature  to  70  F, 
what  is  the  final  relative  humidity  and  how  much  water  is  added  per  pound  dry  air? 

Solution.    The  initial  humidity  ratio  is  0.30  X  0.01103  =  0.00331  Ib  water  per  pound 
dry  air  (or  direct  from  chart).    The  initial  enthalpy  is  14.39  +  (0.30  X  11.98)  =  17.98 
Btu  per  pound  dry  air  (table)  or  14.67  +  (1000  X  0.00331)  =  17.98  (chart).    A  pre-  • 
liminary  calcuation  shows  that  the  final  mixture  contains  liquid.    The  final  weight  of 
water  per  pound  of  dry  air  is  determined  from 

33.96  +  (W  -  0.01574)  X  38.0  -  17.98        11K.  0 

W  -  0.00331  -  1156'3 

where  the  specific  enthalpy  of  the  injected  water  is  1156.3  Btu  per  pound.   The  answer  is 
W  —  0.01718  Ib  water  per  pound  dry  air. 

Therefore,  the  weight  of  water  added  is  0.01718  —  0.00331  =  0.01387  Ib  per  pound 
dry  air  as  shown  in  Fig.  7. 
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Cooling  Load 

In  the  calculation  of  the  cooling  load  for  an  air  conditioned  space,  the 
problem  usually  reduces  to  determining  the  quantity  of  inside  air  that 
must  be  withdrawn  and  the  condition  to  which  it  must  be  brought  by 
cooling,  separating  and  possibly  reheating  so  that  return  of  the  conditioned 
air  will  have  the  net  effect  of  removing  given  amounts  of  energy  and  water 
from  the  air  conditioned  space. 

Let  m  denote  the  weight  of  dry  air  withdrawn  per  hour.  With  it  will 
be  withdrawn  energy  of  amount  mhi  Btu  per  hour  and  water  of  amount 
mWi  pounds  per  hour,  where  hi  and  Wi  denote  enthalpy  and  humidity 
ratio,  respectively,  of  inside  air.  The  weight  of  dry  air  returned  per  hour 
will  be  the  same  as  that  withdrawn  but  with  it  must  be  returned  a  smaller 
amount  of  energy,  mh  Btu  per  hour,  and  a  smaller  quantity  of  water,  mW 
pounds  per  hour,  where  ft  and  W  denote  enthalpy  and  humidity  ratio 
of  conditioned  air. 

With  this  understanding,  the  requirements  of  the  cooling  load  problem 

are, 

mh   =  mhi    —  AQ 

=  mW  - 


where  A<2  and  LW  are  the  given  amounts  of  energy  and  water,  respec- 
tively, to  be  removed.  Eliminating  m  from  these  two  equations, 

k  -  hi  AQ 

W  -  Wi         AF 

which  says  that  all  possible  states  for  the  conditioned  air  lie  on  a  straight 
line,  on  the  Mollier  Chart,  which  passes  through  the  state  point  of  the  in- 
side air  with  a  slope  determined  by  the  ratio  of  the  quantity  of  energy  to 
be  removed  to  the  quantity  of  water  to  be  removed.  This  straight  line 
is  called  the  condition  line  for  the  given  problem.  The  border  scale 
facilitates  the  graphical  solution  of  this  problem. 

In  practice  the  point  at  which  the  condition  line  crosses  the  saturation 
curve  may  dictate  an  excessive  number  of  air  changes  for  the  particular 
space  to  be  conditioned.  If  so  it  might  be  necessary  to  cool  to  a  lower 
temperature;  but  if  the  requirements  of  the  problem  are  to  be  exactly  met 
both  as  regards  the  removal  of  water  and  the  removal  of  energy,  the 
mixture  returned  to  the  conditioned  space  must  contain  a  certain  amount 
of  liquid.  In  other  words,  its  state  point  must  lie  on  the  condition  line; 
otherwise  excessive  dehumidification  will  result. 

Example  19.  In  order  to  maintain  a  condition  of  80  F  dry-bulb,  67  F  wet-bulb  in  a 
certain  store,  it  is  found  necessary  to  remove  115,060  Btu  of  energy  per  hour  and  15.97  Ib 
of  water  per  hour.  Analyze  the  problem. 

Solution.  The  state  point  of  the  inside  air  is  easily  located  on  the  Mollier  Chart. 
Through  it  draw  a  line  having  the  slope  115,060  -r  15.97  =  7205  Btu  per  pound  water 
as  determined  from  the  border  scale.  This  line  crosses  the  saturation  curve  at  58.02  F. 
Hence  a  possible  conditioning  process  is  to  cool  some  of  the  inside  air  to  58.02  F,  separate 
the  liquid  thus  formed,  and  return  the  resulting  saturated  mixture  to  the  store. 

The  thermodynamic  properties  entering  the  calculation  are: 

Inside  Air  After  Cooling  After  Separating 

t__  ........         80.0  F  ...  58.02  F  58.02  F 

W.  ...........................  0.01115..  .............................  0.01115  _______  .......................  0.01027 

h  ............................  31.41....  .............................  25.09  ______  ..........................  25.07 
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The  weight  of  dry  air  to  be  withdrawn  is  115,060  -h  (31.41  -  25.07)  =  18,130  Ib 
per  hour. 

Adiabatic  Saturation 

Any  case  of  adiabatic  mixing  in  which  the  resulting  mixture  is  saturated 
may  properly  be  called  adiabatic  saturation.  For  example,  if  enough 
water  at  352  F  be  sprayed  into  dry  air  at  80  F  to  produce  a  saturated 
mixture,  the  resulting  enthalpy  will  be  hs  =  19.19  +  (Ws  —  0)  324;  and 
since  hs  and  WB  are  functions  of  the  same  temperature,  this  temperature 
is  determined  by  the  equation  to  be  53.0  F.  Thus,  adiabatic  saturation 
of  dry  air  at  80  F  by  injecting  liquid  water  at  352  F  results  in  a  tempera- 
ture of  53.0  F  when  saturation  is  reached. 

But  in  practice,  much  more  is  usually  read  into  the  term  adiabatic 
saturation,  it  being  generally  understood  that  saturation  is  to  be  pro- 
duced by  injecting  liquid  water  at  such  a  temperature  as  will  coincide 
with  that  at  which  the  saturation  curve  is  reached.  With  this  under- 
standing it  may  be  said  that  thermodynamic  wet-bulb  temperature  is  the 
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FIG.  8.    DIAGRAM  ILLUSTRATING  EXAMPLE  19 

result  of  adiabatic  saturation.  Thus,  if  liquid  water  at  48.26  F  instead  of 
352  F  be  injected  into  dry  air  at  80  F  a  saturated  mixture  at  48.26  F 
instead  of  53.0  F  will  be  produced.  Therefore,  48.26  F  is  the  thermo- 
dynamic wet-bulb  temperature  of  dry  air  at  80  F. 

It  is  possible  to  produce  adiabatic  saturation,  interpreting  the  term 
literally,  by  mixing  two  air  streams  neither  of  which  is  itself  saturated. 
In  order  for  this  to  be  possible,  the  straight  line  connecting  the  repre- 
sentative points  on  the  Mollier  diagram  must  cut  the  saturation  curve 
twice. 

PSYCHROMETRIC  CHART 

Many  types  of  charts  which  give  graphical  solutions  of  the  psychro- 
metric  equations,  and  other  useful  data,  have  been  devised.  One  of 
these,  the  Revised  Bulkeley  Psychrometric  Chart4,  will  be  found  in  the 
envelope  attached  to  the  inside  back  cover  of  this  book.  Detailed  in- 


^The  original  Bulkeley  Psychrometric  Chart  was  presented  to  the  Society  in  1926.     (See  A.S.H.V.E. 
TRANSACTIONS,  Vol.  32, 1926,  p.  163).    Single  copy  of  the  revised  chart  can  be  furnished  at  a  cost  of  $  .25. 
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structions  in  the  use  of  this  chart  will  be  found  thereon.  The  lines  of 
constant  relative  humidity  appearing  on  this  chart  have  been  drawn  in 
accordance  with  the  definition  as  given  by  Equations  11  and  15. 

STEADY  FLOW  ENERGY  EQUATION 

It  was  previously  stated  that,  in  steady  flow,  the  energy  convected 
by  the  fluid  at  any  section  is  the  sum  of  (a)  kinetic  energy  due  to  velocity; 
(b)  gravitational  energy  due  to  elevation;  (c)  enthalpy  due  to  the  con- 
dition of  pressure,  temperature  and  composition  of  the  fluid.  A  more 
detailed  discussion  of  item  (a)  is  in  order. 

Kinetic  Energy 

There  are  reasons  to  believe  that  the  so-called  velocity  pressure  hv 
read  by  a  Pitot  tube  is  simply  the  kinetic  energy  per  unit  volume  of  the 
fluid  immediately  upstream  from  the  tube,  as  application  of  Bernoulli's 
Equation  suggests.  Thus  (see  Equation  3,  Chapter  34). 

7  =  1096.2  JjW  (25) 


where 

V  =  velocity,  feet  per  minute. 

&v  =  velocity  pressure,  inches  of  water. 

d  =  density  of  fluid,  pounds  per  cubic  foot. 

In  the  case  of  flow  through  a  duct,  the  velocity  pressure  is  found  to  vary 
considerably  over  the  section  and  a  traverse  has  to  be  made.  The  cross- 
sectional  area  of  the  duct  is  divided  into  a  number  of  equal  concentric 
areas,  and  measuring  stations  are  located  at  centroidal  points  in  each  area 
along  two  perpendicular  diameters.  Usually  the  ultimate  object  is  to 
determine  an  average  velocity  V  from  which  the  weight  of  fluid  crossing 
the  section  per  unit  time  can  be  obtained  on  multiplying  by  the  cross- 
sectional  area  of  the  duct  and  by  the  density  of  the  fluid.  This  is  obtained 
by  simply  averaging  the  square  roots  of  all  measured  velocity  pressures 
as  follows: 


where 

V  =  average  velocity,  feet  per  minute. 

(&v  )av  =  arithmetic  average  of  the  square  roots  of  all  measured  velocity  pressures, 
inches  of  water. 

But  the  item  of  present  importance  is  the  average  kinetic  energy  con- 
vected with  each  pound  of  fluid.  Consistently  with  the  previous  discus- 
sion, this  can  be  shown  to  be 


_ 

KE  =  0.006678  v  ^   ^&v  (27) 

where      _ 

KE  =  average  kinetic  energy,  Btu  per  pound. 
v  =  specific  volume,  cubic  feet  per  pound. 
=  arithmetic  average  of  the  3/2-powers  of  all  measured  velocity  pressures, 


inches  of  water. 
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If  the  velocity  pressure  were  uniform  over  the  section,  Equations  26 
and  27  could  be  combined  to  give 


But,  it  is  interesting  to  note  that  if  the  velocity  varies  parabolically  from 
zero  at  the  walls  to  maximum  at  the  center  as  it  does^in  the  case  of  purely 
viscous  flow  in  a  circular  duct,  then  the  average  kinetic  energy  is  twice  that 
given  by  Equation  28. 

Example  20.  If  2000  cfm  of  air  flows  through  an  8  in.  diameter  circular  duct,  find 
the  average  kinetic  energy  per  pound  of  air. 

Solution.  The  cross-sectional  area  of  the  duct  is  0.349  sq  ft;  hence  the  average  flow 
velocity  is  5730  fpm.  If  the  velocity  were  uniform  over  the  section,  the  average  kinetic 
energy  would  be  (5730  •*•  13.430)2  =  0.182  Btu  per  pound.  But  it  is  more  likely  that 
the  actual  distribution  of  velocity  would  approximate  that  characteristic  of  viscous 
flow;  hence  the  average  kinetic  energy  would  be  more  nearly  2  X  0.182  =  0,364  Btu 
per  pound. 

Gravitational  Energy 

The  potential  energy  due  to  elevation  Z  (feet)  above  any  convenient 
datum  is  simply  Z  -s-  778.3  Btu  per  pound  of  fluid.  In  the  case  of  moist  air, 


-== 

PE  " 


778.3 
where 

PE  =  average  potential  energy,  Btu  per  pound  dry  air. 
Z  =  average  elevation,  feet. 
W  —  humidity  ratio,  pound  water  per  pound  dry  air. 

Enthalpy 

No  further  discussion  of  enthalpy  is  required.  It  may  be  well  to 
emphasize,  however,  that  enthalpies  have  been  figured  on  the  basis  of 
one  pound  of  dry  air. 

Heat  and  Shaft  Work 

Between  any  two  sections  1  and  2  in  an  apparatus  through  which 
steady  flow  occurs,  there  may  be  heat  absorbed  from  outside,  1^2,  Btu  per 
pound  of  dry  air,  and  shaft  work  removed  to  outside,  ife,  Btu  per  pound 
of  dry  air.  If  heat  is  actually  rejected  to  outside,  1^2  is  intrinsically 
negative;  and  if  shaft  work  is  actually  put  in  from  outside  1/2,  is  intrinsi- 
cally negative. 

Steady-flow  Energy  Equation 

A  complete  energy  accounting  takes  the  form  of  Equation  30  which 
is  usually  referred  to  as  the  steady-flow  energy  equation. 

1&  «  (fa  +  KEZ  +  PEfi  -  (hi  +  KEi  +  PEJ  +  A  (30) 


where 

132  =  heat  added  from  outside  between  sections  1  and  2,  Btu  per  pound  dry  air. 
fa  =  enthalpy  of  the  mixture  at  section  2,  Btu  per  pound  dry  air. 
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=  average  kinetic  energy  at  section  2,  Btu  per  pound  dry  air. 
PE2  -  average  potential  energy  at  section  2,  Btu  per  pound  dry  air. 

hi  -  enthalpy  at  section  1,  Btu  per  pound  dry  air. 
KEi  =  average  kinetic  energy  at  section  1,  Btu  per  pound  dry  air. 
PEi  =  average  potential  energy  at  section  1,  Btu  per  pound  dry  air. 

1/2  =  shaft  work  withdrawn  between  sections  1  and  2,  Btu  per  pound  dry  air, 

In  Equation  30  all  quantities  are  per  pound  of  dry  air.  If  Equation  27 
is  used  in  computing  average  kinetic  energy,  the  result  will  be  in  Btu 
per  pound  of  dry  air  if  v  is  taken  as  volume  per  pound  of  dry  air.  If 
Equation  28  is  used,  multiplication  by  (1  +  W)  as  in  Equation  29  is 
required  though  this  is  a  refinement  seldom  justified. 

Properties  of  saturated  steam  are  given  in  Table  8  and  for  additional 
definitions  refer  to  Chapter  46. 
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Chapter  2 

PHYSIOLOGICAL  PRINCIPLES 

Chemical  Vitiation  of  Air,  Physical  Impurities  in  Air,  Thermal 
Changes  Between  the  Body  and  Its  Environment,  Adaptation 
to  Hot  Conditions,  Adaptation  to  Cold  Conditions,  Relation 
of  Air  Conditioning  Needs  to  Metabolism,  Acclimatisation, 
Effective  Temperature  Index,  Physiological  Objectives  of 
Heating  and  Ventilation,  Relation  of  Air  and  Wall  Tempera- 
tures, Influence  of  Humidity,  Influence  of  Air  Movement, 
The  Four  Vital  Factors 

VENTILATION  is  defined  in  part  as  the  process  of  supplying  or 
removing  air  by  natural  or  mechanical  means  to  or  from  any  space. 
(see  Chapter  46) .  The  word  in  itself  implies  quantity  but  not  necessarily 
quality.  From  the  standpoint  of  comfort  and  health,  however,  the 
problem  is  now  considered  to  be  one  of  securing  air  of  the  proper  quality 
rather  than  of  supplying-  a  given  quantity. 

The  term  air  conditioning  in  its  broadest  sense  implies  control  of  any  or 
all  of  the  physical  or  chemical  qualities  of  the  air.  More  particularly,  it 
is  often  used  to  include  the  simultaneous  control  of  temperature,  hu- 
midity, movement  and  quality  of  air.  The  term  is  broad  enough  to 
embrace  whatever  factors  may  be  found  desirable,  in  a  given  case,  for 
maintaining  the  atmosphere  of  occupied  spaces  at  a  condition  best  suited 
to  the  physiological  requirements  of  the  human  body. 

CHEMICAL  VITIATION  OF  AIR 

Under  the  artificial  conditions  of  indoor  life,  the  air  undergoes  certain 
physical  and  chemical  changes  which  are  brought  about  by  the  occupants 
themselves.  The  oxygen  content  is  somewhat  reduced,  and  the  carbon 
dioxide  slightly  increased  by  the  respiratory  processes.  Organic  matter, 
which  is  usually  perceived  as  odors,  comes  from  the  nose,  mouth,  skin 
and  clothing.  The  temperature  of  the  air  is  increased  by  the  metabolic 
processes,  and  the  humidity  raised  by  the  moisture  emitted  from  the  skin 
and  lungs. 

Contrary  to  old  theories,  the  usual  changes  in  oxygen  and  carbon 
dioxide  are  of  no  physiological  concern  because  they  are  too  small  to 
produce  appreciable  effects  even  under  the  worst  conditions  of  normal 
human  occupancy.  The  amount  of  carbon  dioxide  in  air  is  often  used  in 
ventilation  work  as  an  index  of  odors  of  human  origin,  but  the  information 
it  affords  rarely  justifies  the  labor  involved  in  making  the  observation1'2. 

1A.S.H.V.E.  RESEARCH  REPORT  No.  959 — Indices  of  Air  Change  and  Air  Distribution,  by  F.  C.  Hough- 
ten  and  J.  L.  Blackshaw  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39,  1933,  p.  261). 

2A.S.H.V.E.  RESEARCH  REPORT  No.  1031— Ventilation  Requirements,  by  C.  P.  Yaglou,  E.  C.  Riley 
and  D.  J.  Coggins  (A.S.H.V.E.  TRANSACTIONS,  Vol.  42,  1936,  p.  133). 
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Little  is  known  of  the  identity  and  physiological  effects  of  the  organic 
matter  given  off  in  the  process  of  respiration.  The  former  belief  that  the 
discomfort  experienced  in  confined  spaces  was  due  to  some  toxic  volatile 
matter  in  the  expired  air  is  now  limited,  in  the  light  of  numerous  re- 
searches, to  the  much  less  dogmatic  view  that  the  presence  of  such  a 
substance  has  not  been  demonstrated.  The  only  certain  fact  is  that 
expired  and  transpired  air  may  be  odorous  and  offensive,  and  it  is  capable 
of  producing  loss  of  appetite  and  a  disinclination  for  physical  activity. 
These  reasons,  whether  esthetic  or  physiological,  call  for  the  introduction 
of  a  certain  minimum  amount  of  clean  outdoor  air  to  dilute  the  odoriferous 
matter  to  a  concentration  which  is  not  objectionable. 

In  certain  industrial  processes  toxic  fumes  and  gases  may  be  produced, 
whose  removal  by  local  exhaust  ventilation  is  essential  for  the  protection 
of  human  health ;  and  in  the  ordinary  occupied  space  chemical  impurities 
may^  be  contributed  by  the  fumes  from  certain  types  of  cooking  and 
heating  appliances.  Odors  of  cooking  should  not  be  minimized  since  it  has 
been  shown  that  odors  have  an  important  indirect  effect  on  health  in 
diminishing  the  appetite  for  food ;  and  carbon  monoxide  from  imperfect 
combustion  may  be  a  serious  hazard  to  life  and  health. 

When  the  only  source  of  contamination  is  the  human  occupant,  the 
minimum  quantity  of  outdoor  air  needed  appears  to  be  that  necessary 
to  remove  objectionable  body  odors,  or  tobacco  smoke.  The  concen- 
tration of  body  odor  in  a  room,  in  turn,  depends  upon  a  number  of  factors, 
including  socio-economic  status  of  occupants,  outdoor  air  supply,  air 
space  allowed  per  person,  odor  adsorbing  capacity  of  air  conditioning 
processes,  temperature,  and  other  factors  of  secondary  importance.  With 
any  given  group  of  occupants  and  type  of  air  conditioner  the  intensity 
of  body  odor  perceived  upon  entering  a  room  from  relatively  clean  air 
has  been  found  to  vary  inversely  with  the  logarithm  of  outdoor  air  supply 
and  the  logarithm  of  the  air  space  allowed  per  person. 

The  minimum  outdoor  air  supply  necessary  to  remove  objectionable 
body  odors  under  various  conditions,  as  determined  experimentally  at 
the  Harvard  School  of  Public  Health*,  is  given  in  Table  1.  Outdoor  air 
requirements  for  the  removal  of  objectionable  tobacco  smoke  odors  have 
yet  to  be  determined.  Practical  values  in  the  field  vary  from  10  to  15  cfm 
per  person;  this  air  quantity  may  and  should  be  a  part  of  that  necessary 
for  other  requirements,  e.g.,  removal  of  body  odors,  heat,  moisture,  etc. 

The  total  quantity  of  air  to  be  circulated  through  an  enclosure  is 
governed  largely  by  the  needs  for  controlling  temperature  and  air  distri- 
bution when  either  heating  or  cooling  is  required.  The  factors  which 
determine  total  air  quantity  include  the  type  and  nature  of  the  building, 
locality,  climate,  height  of  rooms,  floor  area,  window  area,  extent  of 
occupancy,  and  last  but  not  least,  the  method  of  distribution. 

.  ]*  wili,  be  £oted  that>  with  adequate  air  space,  the  rate  of  air  change 
indicated  in  Table  1  is  from  10  to  30  cfm  per  person.  In  rooms  occupied 
by  only  a  few  persons  such  a  rate  of  air  change  will  be  automatically 
attained  in  cold  weather  by  normal  leakage  around  doors  and  windows 
while  it  can  easily  be  secured  in  warm  weather  by  the  opening  of  windows. 
With  a  space  allotment  of  400  cu  ft  per  person,  only  1J^  air  changes  per 

3Loc.  Cit.  Note  2. 
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hour  are  necessary  to  provide  an  air  change  of  10  cfm  per  person.  This 
space  allotment  is  essential  for  other  reasons.  It  is  indicated  by  the 
space  requirements  of  ordinary  furniture  with  room  to  move  about 
between,  and  it  is  about  the  space  needed  in  a  two-bed  sleeping  room  to 
avoid  mouth  spray  infection. 

Therefore,  in  the  ordinary  dwelling  with  adequate  cubic  'space  allot- 
ment, no  special  provision  for  controlling  chemical  purity  of  the  air  is 
necessary  (aside  from  removal  of  fumes  from  heating  appliances).  With 
such  conditions,  the  control  of  heat  loss  from  the  body  is  the  major 

TABLE  1.    MINIMUM  OUTDOOR  AIR  REQUIREMENTS  TO  REMOVE  OBJECTIONABLE 

BODY  ODORS 
(Provisional  values  subject  to  revision  upon  completion  of  work) 


TYPE  OP  OCCUPANTS 

Am  SPACE  PEE 
PERSON  Cu  FT 

OUTDOOR  AIR  STTPPLT 
CFM  PER  PERSON 

Heating  season  with  or  without  recirculation.    Air  not  conditioned. 


Sedentary  adults  of  average  socio-economic  status  

100 

25 

Sedentary  adults  of  average  sociojeconomic  status  

200 

16 

Sedentary  adults  of  average  socio-economic  status  

300 

12 

Sedentary  adults  of  average  socio-economic  status.  

500 

7 

Laborers  

200 

23 

Grade  school  children  of  average  class  

100 

29 

Grade  school  children  of  average  class  

200 

21 

Grade  school  children  of  average  class  
Grade  school  children  of  average  class  

300 
500 

17 
11 

Grade  school  children  of  poor  class  

200 

38 

Grade  school  children  of  better  class  

200 

18 

Grade  school  children  of  best  class  

100 

22 

Heating  season.  Air  humidified  by  means  of  centrifugal  humidifier.   Water 
atomization  rate  8  to  10  gph.     Total  air  circulation  80  cfm  per  person. 


Sedentary  Adults  

200 

12 

Summer  season.  Air  cooled  and  dehumidified  by  means  of  a  spray  dehumidifier. 
Spray  water  changed  daily.    Total  air  circulation  SO  cfm  per  person. 


Sedentary  Adults  

200 

<4 

factor  to  be  considered.  The  air  breathed  in  the  dwelling  rarely  contains 
chemical  impurities ;  but  the  air  which  bathes  the  skin  may  often  be  too 
hot  or  too  cold. 

In  more  crowded  rooms  (large  offices,  large  workrooms,  auditoriums), 
the  whole  picture  changes.  Cubic  space  per  person  is  less  and  the  size  of 
the  room  makes  it  impossible  to  admit  untempered  outside  air  without 
drafts.  Here,  mechanical  ventilation  is  essential,  but  as  will  be  noted  in 
a  later  paragraph,  it  is  even  more  essential  for  thermal  than  for  chemical 
reasons.  It  is  the  removal  of  the  heat  produced  by  human  bodies,  rather 
than  dilution  of  chemical  poisons,  which  must  govern  practice. 
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In  spite  of  the  rapid  advances  in  the  field  of  air  conditioning  during 
the  past  few  years,  the  secret  of  reproducing  indoor  atmospheres  of  as 
stimulating  qualities  as  those  existing  outdoors  under  ideal  weather 
conditions,  has  not  as  yet  been  found.  Extensive  studies  have  failed  to 
elucidate  the  cause  of  the  stimulating  qualities  of  country  air,  qualities 
which  are  lost  when  such  air  is  brought  indoors  and  particularly  when  it 
is  handled  by  mechanical  means.  Ultra-violet  light  and  ionization  have 
been  suggested  but  the  evidence  so  far  is  inconclusive  or  negative4. 

Ozone  has  been  used  with  success  for  the  destruction  of  micro-organisms 
(molds)  in  meat  packing  establishments  and  the  like;  and  where  con- 
siderable amounts  of  organic  effluvia  are  present  this  substance  may  be 
useful  as  a  deodorant.  For  ordinary  ventilation  practice,  however, 
neither  of  these  purposes  can  be  usefully  attained,  since  the  concentration 
of  ozone  necessary  for  effectiveness  would  be  likely  to  transcend  the  limit 
of  comfort  in  ordinary  occupied  rooms.  While  ozone  has  been  used  in  the 
treatment  of  certain  diseases,  there  is  no  evidence  that  it  has  a  tendency 
to  increase  comfort  or  to  benefit  health  under  conditions  of  normal  human 
occupancy.  The  allowable  concentrations  in  the  breathing  zone  are  very 
small,  between  0.01  to  0.05  ppm  parts  of  air.  These  are  much  too  small 
to  influence  bacteria.  Higher  concentrations  are  associated  with  a 
pungent  unpleasant  odor  and  considerable  discomfort  to  the  occupants. 
One  part  per  million  causes  respiratory  discomfort  in  man,  headaches 
and  depression,  lowers  the  metabolism,  and  may  even  lead  to  corna5. 

PHYSICAL  IMPURITIES  IN  AIR 

Dust  particles  of  various  types,  when  present  in  considerable  con- 
centrations, produce  an  irritant  effect  upon  the  mucous  membranes  of 
nose  and  throat  and  may  be  associated  with  high  prevalence  of  acute 
respiratory  diseases  such  as  bronchitis  and  pneumonia.  Dust  which 
contains  free  silica  has  special  harmful  effects,  causing  a  primary  disease 
of  the  lungs  (silicosis)  and  predisposing  the  victim  in  a  high  degree  to 
tuberculosis.  These,  however,  are  special  problems  of  industrial  hygiene 
which  will  not  be  discussed  in  detail  in  this  chapter. 

A  certain  part  of  ^  the  dissemination  of  disease  in  confined  spaces  is 
caused  by  the  emission  of  pathogenic  organisms  from  infected  persons. 
Droplets  sprayed  into  the  air  in  talking,  coughing,  sneezing,  etc.,  do  not 
all  fall  immediately  to  the  ground  within  a  few  feet  from  the  source,  as  was 
formerly  believed.  ^  The  large  droplets  do,  of  course,  but  minute  droplets 
less  than  0.1  mm  in  diameter  evaporate  to  dryness  before  they  fall  the 
height  of  a  man.  Nuclear  residues  from  such  sources,  which  may  contain 


Natutkf^M^  Content  in  Occupied  Rooms,  Ventilated  by 

Natural  and  Mechanical  Methods,  by  C.  P.  Yaglou,  L.  C.  Benjamin  and  S  P  Choate  (A  S  H  V  E  TRANS- 

SlH^ 

*The  British  Medical  Journal.  Editorial,  June  25,  1932,  p.  1182.    See  also  Loc.  Cit.  Note  4. 
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infective  organisms  drift  long  distances  with  the  air  currents  and  the 
virus  may  remain  alive  long  enough  to  be  transmitted  to  other  persons 
in  the  same  room  or  building.  Droplet  nuclei  have  been  -recovered  from 
cultures  of  resistant  micro-organisms  a  week  after  innoculation  into  a 
tight  chamber  of  3000  cu  ft  capacity,  although  the  majority  of  disease 
germs  died  out  within  a  few  hours6.  Practical  epidemiological  evidence 
indicates  that  the  danger  of  such  atmospheric  transmission  is  slight  with 
the  bacterial  diseases  but  may  be  appreciable  with  the  diseases  caused  by 
the^  much  smaller  and  lighter  viruses.  Avoidance  of  overcrowding  is  a 
major  factor  in  avoiding  such  dangers,  The  microbic  content  of  the 
atmosphere  may  also  be  reduced  by  air  change  but  local  drafts  carrying 
minute  droplets  from  person  to  person  will  increase  the  hazard.  Practical 
possibilities  in  sterilizing  air  supplies  by  the  use  of  ultra-violet  light  are 
now  being  studied7. 

THERMAL  INTERCHANGES  BETWEEN  THE  BODY 
AND  ITS  ENVIRONMENT 

The  importance  of  the  thermal  factors  arises  from  the  profound 
influence  which  they  exert  upon  body  temperature,  comfort  and  health. 
Body  temperature  depends  upon  the  balance  between  heat  production 
and  heat  loss.  The  heat  resulting  from  the  combustion  of  food  within 
the  body  (metabolism)  maintains  the  body  temperature  well  above  that 
of  the  surrounding  air.  At  the  same  time,  heat  is  constantly  lost  from 
the  body  by  radiation,  convection  and  evaporation.  Since,  under  ordinary 
conditions,  the  body  temperature  is  maintained  at  its  normal  level  of 
about  98.6  F,  the  heat  production  must  be  balanced  by  the  heat  loss. 

In  conditioning  air  for  comfort  and  health  it  is  necessary  to  know  the 
rate  of  sensible  and  latent  heat  liberation  from  the  human  body,  which  in 
conjunction  with  other  heat  loads  (see  Chapters  3,  5  and  6)  determine  the 
capacity  required  for  proper  conditioning.  The  data  in  common  use  are 
those  of  the  A.S.H.V.E.  Research  Laboratory8. 

The  fundamental  thermodynamic  processes  concerned  in  heat  inter- 
changes between  the  body  and  its  environment  may  be  described  by 
the  equation : 

M±  S  =  E±  R±  C  (1) 

where 

M  —  rate  of  metabolism. 
S  =  rate  of  storage. 
E  =  rate  of  evaporative  heat  loss. 
R  —  rate  of  radiative  heat  loss  or  gain. 
C  =  rate  of  convective  heat  loss  or  gain. 

Units  may  be  expressed  in  kilogram-calories  or  Btu  per  hour,  and 
storage  is  considered  positive  when  the  body  cools;  negative,  when  the 


6 Air- Borne  Infection  and  Sanitary  Air  Control,  by  W.  F.  Wells  (Journal  Industrial  Hygiene,  November, 
1935). 

'Sanitary  Ventilation  in  Wards,  by  W.  F.  Wells  (Heating  and  Ventilating,  April,  1939,  p.  26).  Measure- 
ment of  Sanitary  Ventilation,  by  W.  F.  Wells  (American  Journal  of  Public  Health,  Vol.  28,  1938,  p.  343). 

"Thermal  Exchanges  Between  the  Bodies  of  Men  Working  and  the  Atmospheric  Environment,  by 
F.  C.  Houghten,  W.  W.  Teague,  W.  E.  Miller,  and  W.  P.  Yant  (American  Journal  of  Hygiene,  Vol.  XIII 
No.  2,  March,  1931,  p.  415). 
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body  becomes  warmer.  M  is  always  positive,  and  E  is  always  negative. 
R  and  C  are  positive  when  the  surface  of  the  body  is  above  that  of  walls 
and  air,  respectively,  and  negative  when  the  surface  of  the  body  is  cooler 
than  walls  or  air. 

The  human  body  possesses  remarkable  powers  of  adaptation  to  a  range 
of  atmospheric  conditions  around  an  ideal  optimum  where  storage  is  zero, 
and  metabolism  and  skin  and  tissue  temperature  are  at  optimum  values. 
As  skin  temperature  and  body-tissue  temperature  rise  or  fall  above  or 
below  an  optimum,  complex  adaptive  mechanisms  come  into  play,  chiefly 
associated  with  redistribution  of  blood  supply  between  the  skin  and 
deeper  tissues  (in  a  cold  environment)  and  with  sweat  secretion  (in  a  hot 
environment).  Under  cold  conditions,  shivering  or  other  muscular  move- 
ments increase  metabolism,  which  is,  again,  a  reaction  favorable  to  tem- 
perature regulation;  but  under  very  hot  conditions  metabolism  also  rises 
and  this  reaction  is  obviously  harmful  and  indicates  failure  of  the  entire 
regulative  process.  These  reactions  are  governed  by  nervous  or  chemical 
stimuli  from  both  skin  and  internal  tissues.  Nerves  from  the  skin,  for 
example,  carry  the  sense  impressions  to  the  brain  and  the  response  comes 
back  over  another  set  of  nerves,  the  motor  nerves,  to  the  musculature  and 
to  all  the  active  tissues  in  the  body,  including  the  endocrine  glands.  In 
this  way,  a  two-sided  mechanism  controls  the  body  temperature  by 

(1)  regulation  of  internal  heat  production   (chemical  regulation),   and 

(2)  regulation  of  heat  loss  by  means  of  automatic  variation  in  the  rate  of 
cutaneous  circulation  and  the  operation  of  the  sweat  glands  (physical 
regulation).     The  mechanisms  of  adjustment  are  complex  and  the  re- 
actions involved  in  a  cold  and  in  a  hot  environment  are  radically  different 
in  nature.     Therefore,  any  attempt  to  formulate  simple  engineering 
relationships  covering  the  entire  thermal  scale  are  obviously  doomed 
to  failure. 

In  a  certain  middle  range,  normal  and  easy  physiological  regulation 
occurs  by  slight  changes  in  the  distribution  of  blood  between  the  skin  and 
the  inner  organs;  here,  heat  loss  and  heat  gain  balance  and  a  sensation  of 
comfort  is^experienced^  Above  this  range,  the  blood  capillaries  in  the  skin 
become  dilated,  allowing  more  blood  to  flow  into  the  skin,  and  thus 
increase  its  temperature  and  consequently  its  heat  loss.  If  this  method  of 
cooling  is  ^not  in  itself  sufficient,  the  stimulus  is  extended  to  the  sweat 
glands  which  allow  water  to  pass  through  the  surface  of  the  skin,  where  it 
is  evaporated.  This  method  of  cooling  is  the  most  effective  of  all,  as  long 
as  the  humidity  of  the  air  is  sufficiently  low  to  allow  for  evaporation. 
In  high  humidities,  where  the  difference  between  the  dew-point  tempera- 
ture of  the  air  and  body  temperature  is  not  sufficient  to  allow  rapid 
evaporation,  equally  good  results  may  be  obtained  by  increasing  air 
movement.  The  body,  under  hot  conditions,  is  in  the  zone  of  evaporative 
regulation,  and  for  moderately  extreme  conditions  perfect  balance  between 
heat  production  and  heat  loss  may  be  attained,  although  at  the  cost  of 
considerable  discomfort. 

In  a  cold  environment,  where  environmental  conditions  are  such  as  to 

remove  heat  too  rapidly,  the  organism  adapts  in  some  degree  by  con- 

stnctmg  the  blood  vessels  of  the  skin,  increasing  the  insulation,  of  the 

^-yt:    -F      lowered  surface  temperature  of  the  skin  decreases  heat  loss 

which  obviously  depends  on  the  differential  between  the  temperature  of 
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the  skin  and  of  the  environment.  This  adaptation  is,  however,  partial 
and  incomplete,  and  the  temperature  of  the  body  tissues  falls,  with 
accompanying  discomfort  and  ultimate  danger  of  serious  chill.  The 
process  may  go  on  for  many  hours.  This  is  known  as  the  zone  of  body 
cooling.  The  normal  tendency  of  the  individual  is  to  move  about  and 
increase  metabolism  through  muscular  activity  and  thus  balance  the 
excessive  heat  demand  of  the  environment. 

These  phenomena  are  important  and  a  graph  indicating  the  reactions 
of  lightly-clothed  human  subjects  in  a  semi-reclining  position  is  shown  in 
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FIG.  1.    RELATION  BETWEEN  METABOLISM,  STORAGE,  EVAPORATION,  RADIATION  PLUS 
CONVECTION,  AND  OPERATIVE  TEMPERATURE  FOR  THE  CLOTHED  SUBJECT 

Fig,  1.  The  air  movement  was  minimal  and  relative  humidity  between 
40  and  50  per  cent.  The  abscissae  are  operative  temperatures  which 
represent  the  combined  effect  of  air  and  wall  temperatures9,  the  ordinates, 
heat  loss  per  unit  of  body  surface.  The  following  phenomena  are  obvious : 

1.  Metabolism  (for  a  given  subject)  remains  approximately  constant  within  the  range 
of  operative  temperatures  employed,  and  rises  slightly  below  70  F. 

2.  At  a  critical  temperature  of  85  F  the  heat  produced  by  metabolism  (roughly  50 
kilogram-calories  per  square  meter  per  hour)  is  balanced  by  the  heat  loss  due  to  evapo- 
ration and  to  radiation  plus  convection;  these  two  major  components  accounting  for 
about  25  kilogram-calories  each.    Storage  is  zero;  that  is,  the  body  tissues  show  no 
change  in  temperature. 


'A.S.H.V.E.  RESEARCH  REPORT  No.  1107 — Recent  Advances  in  Physiological  Knowledge  and  Their 
Bearing  on  Ventilation  Practice,  by  C.-E.  A.  Winslow,  T.  Bedford,  E.  F.  DuBoia,  R.  W.  Keeton,  A.  Mis- 
senard,  R.  R.  Sayers,  and  C.  Tasker  (A.S.H.V.E.  TRANSACTIONS,  Vol.  45,  1939,  p.  111). 
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3.  As  one  proceeds  to  higher  operative  temperatures,  the  heat  received  ^  from  the 
environment  due  to  radiation  plus  convection  increases  progressively  but  is  exactly 
balanced  by  a  similarly  progressive  increase  in  evaporative  heat  loss,  so  that  no  further 
negative  storage  (warming  of  the  body)  takes  place.    At  an  operative  temperature  of 
100  F  the  body  is  gaining  10  kilogram-calories  from  the  combined  influence  of  walls  and 
air,  and  this  heat  gain  plus  the  metabolic  heat  produced  is  balanced  by  a  heat  loss  of 
60  kilogram-calories  due  to  evaporation. 

4.  Below  the  critical  temperature  of  85  F  the  phenomena  are  wholly  different. 
Evaporative  heat  loss  here  changes  but  slightly,  falling  from  20  to  10  kilogram-calories  per 
hour  as  the  operative  temperature  decreases,  as  a  result  chiefly  of  the  purely  physical 
factor  of  decreasing  vapor  pressure  difference  between  skin  and  air.    In  this  zone,  heat 
loss  due  to  the  combined  influence  of  radiation  plus  convection  increases  progressively 
(although  the  slope  of  the  line  is  less  rapid  than  above  85  F).    Since  this  progressively 
increasing  heat  loss  is  not  balanced,  there  is  a  parallel  increase  in  storage  (cooling  of  the 
body  tissues). 
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DRY-BULB  TEMPERATURE,  DEG  FAHR 

FIG.  2.     CONTOUR  CHART  INDICATING  LIMITING  WETTED  AREAS  ASSOCIATED  WITH 

CERTAIN  SENSATIONS  OF  PLEASANTNESS  (IN  THE  ZONE  OF  EVAPORATIVE  REGULATION) 

IN  RELATION  TO  AIR  TEMPERATURE  AND  RELATIVE  HUMIDITY.     OBSERVED  MEAN 

COMFORT  VOTES  ARE  INDICATED  IN  EACH  REGION.    (UNCLOTHED  SUBJECTS  ) 


Localized  drafts  are  important  since  differential  cooling  of  one  area  of 
the  body  may  produce  surprisingly  unpleasant  reactions  in  quite  different 
parts  of  the  body.  In  a  recent  experiment10  it  was  shown  that  the  appli- 
cation of  an  ice  pack  to  an  area  of  60  sq  cm  on  the  back  of  the  neck  for 
15  mm  caused  a  drop  of  17  F  in  the  skin  temperature  of  the  fingers  and 
that  this  low  temperature  of  the  fingers  persisted  for  one  hour  after  the 
ice  pack  was  removed. 
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ADAPTATION  TO  HOT  CONDITIONS 

Within  a  certain  thermal  region  on  the  hot  side  of  the  optimum,  the 
body  ^can  balance  increases  in  air  or  wall  temperature  by  increasing 
secretion  of  sweat.  The  body  can  balance  changes  in  relative  humidity 
within  this  zone  just  as  precisely  as  it  can  balance  changes  in  tempera- 
tures, up  to  the  point  where  the  sweat  no  longer  evaporates  but  runs  off 
without  exerting  its  cooling  power.  Until  the  latter  point  is  reached, 
evaporative  heat  loss,  at  a  given  air  temperature,  is  exactly  the  same 
whether  humidity  be  high  or  low. 

It  is  important  to  note,  however,  that  even  in  the  range  where  this 
type  of  adaptation  is  thermally  adequate,  the  process  of  sweat  secretion 
is  associated  with  sensations  of  marked  discomfort.  It  has  been  demon- 
strated that  wetted  area,  the  physiological  index  of  sweat  secretion,  shows 
a  correlation  of  0.65  =*=  0.006  with  expressions  of  discomfort11.  Further- 

TABLE  2.    UPPER  LIMITS  OF  EVAPORATIVE  REGULATION 
(Clothed  Subject) 


ENVIRONMENTAL  TEMPERATURE 

RELATIVE  HUMIDITY 

DegF 

DegC 

126.9 

52.7 

0 

122.0 

50.0 

5 

113.0 

45.0 

18 

108.5 

42.5 

26 

104.5 

40.0 

38 

99.5 

37.5 

51 

95.0 

35.0 

69 

90.5 

32.5 

89 

87.8 

31.0 

100 

more,  there  develops,  even  under  moderate  conditions  of  overheating,  a 
definite  disinclination  for  physical  activity.  The  New  York  State  Com- 
mission found  that  experimental  subjects  performed  28  per  cent  less  work 
at  86  F  with  80  per  cent  relative  humidity  than  at  68  F  with  50  per  cent 
relative  humidity12. 

The  upper  limit  of  this  zone  of  evaporative  regulation  is,  of  course, 
established  by  the  combination  of  air  and  wall  temperature,  relative 
humidity  and  air  movement  beyond  which  the  sweat  runs  off  without 
evaporation  and  cooling  of  the  body  surface.  Limits  for  unclothed, 
semi-reclining  subjects,  with  minimal  air  movement  are  shown  in  Fig.  2. 
Studies  at  the  John  B.  Pierce  Laboratory  of  Hygiene  have  established  the 
upper  limits  of  evaporative  regulation  for  the  clothed,  semi-reclining  body 
at  an  air  movement  of  17  fpm  as  shown  in  Table  213. 

Since  1922  notable  progress  has  been  made  by  the  A.S.H.V.E.  Research 
Laboratory  in  fixing  corresponding  upper  limits  for  subjects  engaged  in 


"Relations  Between  Atmospheric  Conditions,  Physiological  Reactions,  and  Sensations  of  Pleasantness, 
by  C.-E.  A.  Winslow,  L.  P.  Herrington,  and  A.  P.  Gagge  (American  Journal  of  Hygiene,  Vol.  26,  July,  1937, 
P.  102). 

12Ventilation  Report  of  the  New  York  State  Commission  on  Ventilation  (E.  P.  Dutton  Co.,  N.  Y.,  1923). 

13The  Reactions  of  the  Clothed  Human  Body  to  Variations  in  Atmospheric  Humidity,  by  C.-E.  A. 
Winslow,  L.  P.  Herrington,  and  A.  P.  Gagge  (American  Journal  of  Physiology,  Vol.  124,  December,  1938, 
p.  692). 
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active  work14,  limits  which  are,  of  course,  much  lower  than  those  cited  for 
subjects  at  rest.  The  upper  limit  of  effective  temperature  to  which  the 
human  organism  is  capable  of  adapting  itself  without  serious  discomfort  or 
injury  to  health  is  90  deg  ET  (Effective  Temperature)  for  men  at  rest  and 
between  80  and  90  deg  ET  for  men  at  work  depending  upon  the  rate  of 
work.  Within  these  limits  a  new  equilibrium  is  established  at  a  higher 
body  temperature  level  through  a  chain  of  physiological  adjustments. 
The  heat  regulating  center  fails  when  the  external  temperature  is  so 
abnormally  high  that  bodily  heat  cannot  be  eliminated  as  fast  as  it  is 
produced.  Part  of  it  is  retained  in  the  body,  causing  a  rise  in  skin  and 
deep  tissue  temperature,  an  increase  in  the  heart  rate,  and  accelerated 
respiration.  (See  Table  3.)  In  extreme  heat  the  metabolic  rate  is 
markedly  increased  owing  to  the  excessive  rise  in  body  temperature, 
and  a  vicious  cycle  results  which  may  eventually  lead  to  serious  physio- 
logic damage  or  heat  exhaustion15. 

TABLE  3.    PHYSIOLOGICAL  RESPONSES  TO  HEAT  OF  MEN  AT  REST  AND  AT  WORK* 


EFFECTIVE 
TEMP 

AOTTOL 

CHEEK 
TEMP 
(Duo 

FAHB) 

MEN  AT  BEST 

MEN  AT  WORK 

90,000  FT-LB  OF  WORK  PUB  HotTR 

Rise  in 
Rectal 

Temp 
(Deg 

Fahr  per 
Hr) 

Increase 
m  Pulse 
Rate" 
(Beats  per 
Min  per 
Hr) 

Approximate 
Loss  in  Body 
Weight  by 
Perspiration 
(Lb  per  Hr) 

Total  Work 
Accomplished 
(Ft-Lb) 

Rise  in 
Body  Temp 
(Deg  Fahr 
per  Hr) 

Increase  in 
Pulse  Rate 
(Beats  per 
Min  per  Hr) 

Approximate 
Loss  in  Body 
Wt  by  Per- 
spiration (Lb 
per  Hr) 

60 
70 
80 
85 
00 
95 

too 

105 

no 

225,000 
225,000 
209,000 
190,000 
153,000 
102,000 
67,000 
49,000 
37.000 

0.0 
0.1 
0.3 
0.6 
1.2 
2.3 
4.0 
6.  0^> 
8.5b 

6 

7 
11 
17 
31 
61 
103b 
158b 
237b 

0.5 
0.6 
0.8 
1.1 
1.5 
2.0 
2.7 
3,5b 
4.4b 

96~1 
96.6 
97.0 
97.6 
99.6 
104.7 

0.0 
0.0 
0.1 
0.3 
0.9 
2.2 
4.0 
5.9b 

0 
0 

1 

4 
15 
40 
83 
137*» 

0.2 
0.3 
0.4 
0.5 
0.9 
1.7 
2.7 
4.0b 

»Data  by  A.S.H.V.E.  Research  Laboratory. 

^Computed  value  from  exposures  lasting  less  than  one  hour. 

Examples  of  this  are  met  with  in  unusually  hot  summer  weather  and  in 
hot  industries  where  heat  loss  from  the  body  by  radiation  and  convection 
is  impossible.  Consequently,  the  workers  depend  entirely  on  evaporation 
for  the  elimination  of  body  heat.  They  stream  with  perspiration  and 
drink  liquids  abundantly  to  replace  the  loss. 

One  of  the  deleterious  effects  of  high  temperatures  is  that  the  blood 
is  diverted  from  the  internal  organs  to  the  surface  capillaries,  in  order  to 
serve  in  the  process  of  cooling.  This  affects  the  stomach,  heart,  ]ungb 
and  other  vital  organs,  and  it  is  suggested  that  the  feeling  of  lassitude 
and  discomfort  experienced  is  due  in  part  to  the  anaemic  condition  of  the 


14A.S.H.V.E.  RESEARCH  REPORT  No.  1106 — Air  Conditioning  in  Industry,  by  W.  L.  Fleisher,  A.  E. 
Stacey,  Jr.,  F.  C.  Houghten,  and  M.  B.  Ferderber  (A.S.H.V.E.  TRANSACTIONS,  Vol.  45,  1939,  p.  59). 

"A.S.H.V.E.  RESEARCH  REPORT  No.  719— Basal  Metabolism  Before  and  After  Exposure  to  High  Tem- 
peratures and  Various  Humidities,  by  W.  J.  McCoimell,  C.  P.  Yaglou  and  W.  B.  Fulton  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  31,  1925,  p.  123).  A.S.H.V.E.  Research  Paper— The  Peripheral  Type  of  Circulatory 
Failure  in  Experimental  Heat  Exhaustion  (The  Role  of  Posture"),  by  R.  W.  Keeton,  F.  K.  Hick,  Nathaniel 
GUckman  and  M.  M.  Montgomery  (A.S.H.V.E.  JOURNAL  SECTION,  H&ating,  Piling  and  Air  Conditioning* 
February,  1940,  p.  122). 
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brain.  The  stomach  loses  some  of  its  power  to  act  upon  the  food,  owing  to 
a  diminished  secretion  of  gastric  juice,  and  there  is  a  corresponding  loss 
in  the  antiseptic  and  antifermentive  action  which  favors  the  growth  of 
bacteria  in  the  intestinal  tract16.  These  are  considered  to  be  the  potent 
factors  in  the  increased  susceptibility  to  gastro-intestinal  disorders  in 
hot  summer  weather. 

In  warm  atmospheres,  particularly  during  physical  work,  a  considerable 
amount  of  chloride  is  lost  from  the  system  through  sweating.  The  loss  of 
this  substance  may  lead  to  attacks  of  cramps,  unless  the  salts  are  re- 
placed in  the  drinking  water.  In  order  to  relieve  both  cramps  and  fatigue, 
it  is  recommended  that  6  g  of  sodium  chloride  and  4  g  of  potassium  chlo- 
ride be  added  to  a  gallon  of  water17. 

The  deleterious  physiologic  effects  of  high  temperatures  exert  a  power- 
ful influence  upon  physical  activity,  accidents,  sickness  and  mortality. 
Both  laboratory  and  field  data  show  that  physical  work  in  warm  atmos- 
pheres is  a  great  effort,  and  that  production  falls  progressively  as  the  tem- 
perature rises.  The  incidence  of  industrial  accidents  reaches  a  minimum 
at  about  68  F,  increasing  above  and  below  that  temperature.  Sickness 
and  mortality  rates  increase  progressively  as  the  temperature  rises. 

The  control  of  hot  conditions  by  chilling  the  walls  of  an  occupied  space 
has  only  limited  application  in  practice.  Either  air-cooling,  increase  in 
air  movement,  or  dehumidifi cation,  or  any  combination  of  these  pro- 
cedures may  be  used  in  practice  to  keep  a  space  cool  in  summer. 

ADAPTATION  TO  COLD  CONDITIONS 

When  the  heat  demand  of  the  environment  exceeds  the  metabolic 
output,  the  chief  changes  which  occur,  as  external  temperature  decreases, 
are  (1)  increased  heat  loss  due  to  radiation  plus  convection,  and  (2)  in- 
creased positive  storage  or  cooling  of  the  body  tissues.  It  will  be  noted  in 
Fig.  1  that  the  slope  of  the  line  representing  heat  loss  due  to  radiation 
plus  convection  changes  as  one  passes  from  the  zone  of  evaporative  regu- 
lation to  the  zone  oj  body  cooling.  The  less  abrupt  slope  in  the  latter  zone 
is  due  to  a  progressive  fall  in  skin  temperature  which  is  the  only  mecha- 
nism the  body  calls  into  play  in  this  region  to  adapt  to  a  cool  environment. 
Under  colder  conditions,  or  after  longer  periods  of  time,  a  second  mecha- 
nism, increased  metabolism,  may  become  operative  but  this  does  not 
appear  in  the  experiments  here  reviewed. 

For  a  fall  in  operative  temperature  from  88  to  68  F  the  mean  skin 
temperature  decreases  from  94  to  84  F.  The  temperature  of  the  lower 
extremities  falls  most  rapidly  while  that  of  the  head  or  trunk  may  decrease 
less.  This  type  of  regulation  is,  however,  as  pointed  out  previously, 
incomplete;  and  positive  storage  (cooling  of  the  body)  increases  pro- 
gressively as  external  temperature  falls.  Chilling,  then,  imposes  an  extra 
load  upon  the  heat-producing  organs  to  maintain  body  temperature. 
The  strain  falls  largely  upon  digestion,  metabolism,  blood  circulation, 
and  the  kidneys,  and  indirectly  upon  the  nervous  system18.  In  extremely 


"Influence  of  Effective  Temperature  upon  Bactericidal  Action  of  Gastro-Intestinal  Tract,  by  Arnold  and 
Brody  (Proceedings  Society  Exp.  Biol.  Med.,  Vol.  24,  1927,  p.  832). 

"Some  Effects  of  High  Air  Temperatures  Upon  the  Miner,  by  K.  N.  Moss  (Transactions  Institute  of 
Mining  Engineers,  Vol.  66,  1924,  p.  284). 

"Preventive  Medicine  and  Hygiene,  by  M.  J.  Rosenau  (6th  Edition,  p.  909). 
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cold  atmospheres  compensation  by  increased  metabolism  becomes  inade- 
quate. The  body  temperature  falls  and  the  reflex  irritability  of  the  spinal 
cord  is  markedly  affected.  The  organism  may  finally  pass  into  an 
unconscious  state  which  ends  in  death. 

A  moderate  amount  of  variability  in  temperature  is  known  to  be 
beneficial  to  health,  comfort,  and  the  performance  of  physical  and  mental 
work.  On  the  other  hand,  extreme  changes  in  temperature^  such  as 
those  experienced  by  passing  from  a  warm  room  to  the  cold  air  out-of- 
doors,  appear  to  be  harmful  to  the  tissues  of  the  nose  and  throat  which 
are  the  portals  for  the  entry  of  respiratory  diseases. 

Experiments  show  that  chilling  causes  a  constriction  of  the  blood 
vessels  of  the  palate,  tonsils,  throat,  and  nasal  mucosa,  which  is  accom- 
panied by  a  fall  in  the  temperature  of  the  tissues.  On  re-warming,  the 
palate  and  throat  do  not  always  regain  their  normal  temperature  and 
blood  supply.  This  anaemic  condition  favors  bacterial  activity  and  it 
probably  plays  a  part  in  favoring  infection  with  common  colds  and  other 
respiratory  diseases.  Lowered  resistance  may  also  be  related  to  a  dimi- 
nution in  the  number  and  phagocytic  activity  of  the  leucocytes  (white 
blood  cells)  brought  about  by  exposure  to  cold  and  by  changes  in  tem- 
perature. 

Sickness  records  in  industries  seem  to  strengthen  this  belief.  The 
Industrial  Fatigue  Research  Board  of  England19  found  that  with  the 
workers  exposed  to  high  temperatures  and  to  changes  in  temperature, 
namely,  steel  smelters,  puddlers,  and  general  laborers,  there  is  an  excess 
of  all  sickness,  the  excess  among  the  puddlers  being  due  chiefly  to  respira- 
tory diseases  and  rheumatism.  The  causative  factor  was  not  the  heat 
itself  but  the  sudden  changes  in  temperature  to  which  the  workers  were 
exposed.  The  tin-plate  millmen  who  were  not  exposed  to  chills,  since 
they  work  almost  continuously  throughout  the  shift,  had  no  excess  of 
rheumatism  and  respiratory  diseases.  On  the  other  hand,  the  blast- 
furnacemen,  who  work  mostly  in  the  open,  showed  more  respiratory 
sickness  than  the  steel  workers.  This  experience  in  British  factories  is 
well  in  accord  with  the  findings  in  American  industries20-21.  According  to 
these  data  the  highest  pneumonia  death  rate  is  associated  with  dust, 
extreme  heat,  exposure  to  cold,  and  to  sudden  changes  in  temperature. 

In  the  ordinary  dwelling  not  equipped  with  a  fan  system  during  the 
winter  season,  air  movement  is  likely  to  be  minimal  and  the  only  air 
movements  affecting  comfort  are  those  due  to  cold  walls  or  cpnvective 
heating.  Below  an  air  temperature  of  77  F,  for  the  clothed,  semi-reclining 
body,  sweat  secretion  is  at  a  minimum  and,  even  with  high  atmospheric 
humidity,  all  the  moisture  available  is  evaporated.  Under  conditions  of 
low  air  movement,  and  with  a  relative  humidity  of  30-35  per  cent,  the 
evaporative  heat  loss  is  only  1.5  Btu  per  square  foot  of  body  surface 
greater  than  with  a  relative  humidity  of  75-80  per  cent.  This  is  the 
equivalent  of  decreasing  the  air  temperature  by  less  than  1  F. 

"Fatigue  and  Efficiency  in  the  Iron  and  Steel  Industry,  by  H.  M.  Vernon  (Industrial  Fatigue  Research 
Board  Report  No.  5,  1920,  London). 

*>Iron  Foundry  Workers  Show  Highest  Percentage  of  Deaths  from  Pneumonia  (Statistical  Bulletin, 
Metropolitan  Life  Insurance  Co.,  New  York,  N.  Y.,  1928). 

"The  Pneumonia  Problem  in  the  Steel  Industry,  by  D.  K.  Brundage  and  J.  J.  Bloomfield  (Journal  of 
Industrial  Hygiene,  14,  December,  1932). 
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RELATION  OF  AIR  CONDITIONING  NEEDS  TO  METABOLISM 

The  major  objective  of  heating  and  ventilation  is  to  balance  heat  losses 
from  the  human  body.  The  basic  factor  is  human  metabolism.  The 
desirable  environment,  from  the  standpoint  of  heat  loss,  depends  directly 
on  the  heat  produced  in  the  body  and  this  heat  may  be  five  times  as  great 
when  a  man  is  exercising  violently  as  when  he  is  reclining  and  at  rest. 


TABLE  4.    RELATION  BETWEEN  METABOLIC  RATE  AND  AcnviTYa 


ACTIVITY 

HOURLY 

METABOLIC 
RATE  FOE  Ava 
PERSON  OK 
TOTAL  HEAT 
DISSIPATED, 

BTU  PER  HOUR 

HOURLY 
SENSIBLE 
HEAT  DIS- 
SIPATED, 
AT  79  F, 
BTU  PER 
HOUR 

HOURLY 
LATENT 
HEAT  DIS- 
SIPATED, 
AT  79  F, 
Bru  PER 
HOUR 

MOISTURE 
DISSIPATED 
PER  HOUR 

Grains 

Pounds 

Basal  

291 
384 
420 
431 
441 
462 
468 
482 
486 
490 
549 
558 
570 
600 
600 
626 
661 
672 
680 
761 
862 
876 
954 
1000 
1041 
1050 
1390 
1444 
1490 
1500 
1800 
1986 
2268 
2330 
2580 
4365 
3000-4800 

145 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
225 
229 
230 
250 
277 
280 
307 
325 
335 
339 
452 
467 
490 
490 
590 

145 
159 
195 
206 
216 
237 
243 
257 
261 
265 
324 
333 
345 
375 
375 
401 
436 
443 
450 
511 
585 
596 
647 
675 
708 
711 
938 
977 
1000 
1010 
1210 

979 
1070 
1316 
1390 
1458 
1600 
1640 
1740 
1762 
1790 
2187 
2248 
2329 
2530 
2530 
2710 
2940 
2990 
3040 
3450 
3950 
4020 
4367 
4556 
4745 
4750 
6330 
6595 
6750 
6820 
8170 

0.140 
0.153 
0.880 
0.199 
0.208 
0.229 
0.234 
0.248 
0.252 
0.256 
0.312 
0.321 
0.333 
0.362 
0.362 
0.387 
0.420 
0.427 
0.434 
0.493 
0.564 
0.575 
0.624 
0.651 
0.677 
0.679 
0.904 
0.942 
0.964 
0.974 
1.167 

Seated  at  Rest 

Reading  Aloud  (Seated)...  

Standing  at  Rest  

Hand  Sewing  (Seated) 

Knitting  23  stitches  per  minute  on  Sweater.  
Dressing  and  Undressing 

Tailor 

Singing  .    _  

Office  Worker  Moderately  Active 

Light  Work  Standing     

Typewriting  Rapidly 

Ironing  with  5  lb  iron 

Dishwashing  —  Plates,  Bowls,  Cups  and  Saucers 
Clerk  Moderately  Active  Standing  at  Counter.. 
Book  Binder.  

Shoemaker 

Sweeping  Bare  Floor  38  Strokes  per  Minute.... 
Pool  Player 

Walking  2  mph,  Light  Dancing....,  
Light  Metal  Worker  (at  Bench)  

Painter  of  Furniture  (at  Bench) 

Carpenter              

Restaurant  Serving  

Pulling  Weight 

Walking  3  mph           

Walking  4  mph,  Active  Dancing,  Roller  Skating 
Walking  Down  Stairs 

Stone  Mason.  

Bowling 

Man  Sawing  Wood                 

Swimming            

Running  5  3  mph 

Walking  5  mph                                    

Walking  Very  Fast  5  3  mph 

Walking  Up  Stairs 

Maximum  Exertion  Different  People  

aThese  metabolic  rates  were  compiled  by  the  A.S.H.V.E.  Research  Laboratory  from  actual  tests,  from 
other  authoritative  sources,  and  from  estimates  based  upon  various  considerations.  t  Division  of  the  total 
heat  dissipation  into  latent  and  sensible  rates  is  based  on  actual  test  data  and  on  various  considerations  for 
metabolic  rates  up  to  1250  Btu  per  hour,  and  extrapolated  for  higher  rates.  Values  for  total  heat  dissipa- 
tion for  a  person  at  rest  apply  for  a  dry-bulb  temperature  range  from  approximately  60  to  90  F;  for  other 
than  rest  conditions  the  values  apply  for  a  similar  but  lower  temperature  range.  Below  these  temperature 
ranges  metabolic  rates  and  total  rates  of  heat  dissipation  increase,  while  above  these  ranges  metabolic' rates 
increase  slightly  and  total  heat  dissipation  rates  decrease  rapidly.  Division  of  total  dissipation  rates  into 
sensible  and  latent  heat  holds  only  for  a  dry-bulb  temperature  of  79  F.  For  lower  temperatures,  sensible 
heat  dissipation  increases  and  latent  heat  decreases,  while, for  higher  temperatures  the  reverse  is  true.. 
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Therefore,  there  is  no  absolute  optimum  of  air  temperature  or  other 
environmental  conditions,  which  will  meet  all  cases.  ^  With  moderate 
relative  humidity  and  minimum  air  movement,  an  air  temperature  of 
80  F  has  been  found  ideal  for  the  lightly  clothed  subject  at  rest  in  a 
semi-reclining  position.  In  factories  where  light  work  is  performed  in 
summer  time,  the  ideal  has  been  found  to  be  about  76  F.  For  children 


50         60         70         80         90 
EFFECTIVE  TEMPERATURE  DEG 


100        110 


FIG.  3. 


RELATION  BETWEEN  TOTAL  HEAT  Loss  FROM  THE  HUMAN  BODY  AND 
EFFECTIVE  TEMPERATURE  FOR  STILL  AiRa 


*Curve  A — Persons  working  so  as  to  have  a  metabolic  rate  of  1310  Btu  per  hour.  Curve  B — Persons 
working  so  as  to  have  a  metabolic  rate  of  850  Btu  per  hour.  Curve  C — Persons  working  so  as  to  have  a 
metabolic  rate  of  660  Btu  per  hour.  Curve  D — Persons  seated  at  rest,  or  with  a  metabolic  rate  of  400  Btu 
per  hour.  Curves  B  and  D  based  on  test  data  covering  a  wide  temperature  range.  Curves  A  and  C  based 
on  test  data  at  an  Effective  Temperature  of  70  deg  and  extrapolation  of  Curves  B  and  D.  All  curves  are 
averages  6f  values  for  high  and  low  relative  humidities  which  apply  with  satisfactory  accuracy  for  most 
considerations.  For  special  problems  requiring  a  higher  degree  of  accuracy  see  more  detailed  A.S.H.V.E. 
Research  Laboratory  reports. 

(who  have  a  high  metabolism)  at  school,  in  winter  clothing,  70  F  has 
been  considered  correct;  while  in  a  gymnasium,  55  F  is  a  desirable 
temperature. 

The  wide  variations  in  metabolic  activities  with  which  the  engineer 
tnust  be  prepared  to  cope  and  the  influence  of  such  variations  in  metabo- 
lism on  the  heat  load  contributed  by  the  human  body  to  the  environment 
ar^  given  in  Table  4  and  in  Figs.  3,  4  and  5.  The  curves  in  the  figures  are 
based  on  certain  averages  of  test  results,  with  different  humidities,  and 
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SENSIBLE  BTU  PER  HOUR  FOR  AVERAGE  MAN  (19.5  SQ  FT) 
»->  ^-t  i- 
1-1  ro  to  **  01  en  *sjoovDo^-«l\ 
ooooooooooooc 

^S 

\ 

s 

\* 

\ 

-> 

x 

\ 

v 

x; 

Xs 

X 

\ 

0s 

NxV 
s^  \ 

\x 

\ 

s 

X 

x 

\^ 

A 

0s 

^\ 

^\ 

\ 

^ 

A 

v 

\ 

\ 

N 

^ 

30 


100 


40         50          60         70          80         90 
DRY-BULB  TEMPERATURE  DEG  FAHR 

FIG.  4.    RELATION  BETWEEN  SENSIBLE  HEAT  Loss  FROM  THE  HUMAN  BODY  AND 
DRY-BULB  TEMPERATURE  FOR  STILL  AiRa 


LATENT  BT  U  PER  HOUR  FOR  AVERAGE  MAN  (19.5  SQ  F^ 
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FIG.  5.    LATENT  HEAT  AND  MOISTURE  Loss  FROM  THE  HUMAN  BODY  BY  EVAPORATION, 
IN  RELATION  TO  DRY-BULB  TEMPERATURE  FOR  STILL  AIR  CONDITIONS3- 


aLoc.  Cit.    See  footnote  a,  Fig.  3. 
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are  sufficiently  accurate  for  most  practical  applications.  Where  greater 
precision  in  the  applications  of  the  results  is  required,  or  for  extreme 
variations  in  temperature  and  humidity,  the  reports22  covering  the 
A.S.H.V.E.  Laboratory  work  may  be  consulted. 

The  curves  in  Figs.  3,  4  and  5,  and  proper  interpolation  between  these 
curves  make  it  possible  to  apply  the  data  to  persons  engaged  in  ^any  type 
of  work  or  physical  activity,  providing  the  resulting  metabolic  rate  is 
known.  As  an  example,  if  it  is  found  that  a  certain  type  of  work  results 
in  a  metabolic  rate  of  approximately  760  Btu  per  hour  for  an  average 
person  working  in  an  atmosphere  of  70  ET,  then  his  total  rate  of  heat 
dissipation  to  atmospheres  of  various  temperature  will  be  approximately 
as  given  by  the  broken-line  curve  in  Fig.  3.  The  broken  line  curves  in 
Figs.  4  and  5  give  the  rate  of  sensible  and  latent  heat  dissipation  of  the 
person  for  different  dry-bulb  temperatures. 

ACCLIMATIZATION 

Acclimatization  and  the  factor  of  psychology  are  two  important 
influences  in  air  conditioning  which  cannot  be  ignored.  The  first  is  man's 
ability  to  adapt  himself  to  changes  in  air  conditions;  the  second  is  an 
intangible  matter  of  habit  and  suggestion. 

Some  persons  regard  the  unnecessary  endurance  of  cold  as  a  virtue. 
They  believe  that  the  human  organism  can  adapt  itself  to  a  wide  range 
of  air  conditions  with  no  apparent  discomfort  or  injury  to  health.  In  the 
light  of  present  knowledge  of  air  conditioning  these  views  are  not  justified. 
Acclimatization  to  extreme  conditions  involves  a  strain  upon  the  heat 
regulating  system  and  interferes  with  the  normal  physiologic  functions  of 
the  human  body.  Thousands  of  years  in  the  heat  of  Africa  do  not  seem 
to  have  acclimatized  the  Negro  to  a  temperature  averaging  80  F.  The 
same  holds  true  of  northern  races  with  respect  to  cold,  although  the 
effects  are  mitigated  by  artificial  control.  An  environment  averaging 
64  F  for  the  24-hour  period  is  associated  with  minimal  mortality23. 

Within  limits,  however,  there  does  occur  a  definite  adaptation  to  ex- 
ternal temperature  level.  People  and  animals  raised  under  conditions  of 
tropical  moist  heat  stand  chilling  poorly  as  they  are  unable  quickly  to 
increase  internal  combustion  to  keep  up  the  body  temperature.  For  this 
reason  they  have  trouble  standing  the  cold,  stormy  weather  of  the 
temperate  zones,,  and  when  exposed  to  it  are  very  susceptible  to  respira- 
tory infections.  Likewise,  people  living  in  cool  climates  suffer  greatly  in 
the  moist  heat  of  the  tropics  until  their  adaptive  mechanism  has  been 
trained.  Within  a  couple  of  years,  however,  they  find  themselves  standing 
the  heat  much  better  and  disliking  the  cold. 


"A.S.H.V.E.  RESEARCH  REPORT  No.  830 — Heat  and  Moisture  Losses  from  the  Human  Body  and  Their 
Relation  to  Air  Conditioning  Problems,  by  F.  C.  Houghten,  W.  W.  Teague,  W.  E.  Miller  and  W  P  Yant 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  35,  1929,  p.  245).  Thermal  Exchanges  Between  the  Human  Body  and 
Its  Atmospheric  Environment,  by  F.  C.  Houghten,  W.  W.  Teague,  W.  E.  Miller  and  W.  P.  Yant  (American 
Journal  of  Physiology,  Vol.  88,  1929,  p.  386).  A.S.H.V.E.  RESEARCH  REPORT  No.  908— Heat  and  Moisture 
Losses  from  Men  at  Work  and  Application  to  Air  Conditioning  Problems,  by  F.  C.  Houghten  W.  W 
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\.S.H.V.E.  RESEARCH  REPORT  No.  1106— Air  Conditioning  in  Industry,  by  W.  L.  Fleisher,  A.  E  Stacoy 
Fr.,  F.  C.  Houghten,  and  M.  B.  Ferderber  (A.S.H.V.E.  TRANSACTIONS,  Vol  .4  5,  1939,  p  59) 
^Civilization  and  Climate,  by  Ellsworth  Huntington,  Yale  University  Press,  1928. 
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The  adaptive  level  changes  somewhat  with  the  season24.  There  are  also 
marked  differences  between  the  sexes.  In  the  cold  zone  the  thickness  of 
the  thermal  insulating  tissues  of  women  is  almost  double  that  of  men, 
although  the  sensory  responses  to  cold  are  similar.  In  the  hot  zone,  the 
threshold  of  sweating  and  skin  temperature  levels  are  both  higher 
for  women. 

Finally,  the  thickness  and  insulating  value  of  the  clothing  worn  is  an 
important  factor  in  the  determination  of  the  comfort  level. 

EFFECTIVE  TEMPERATURE  INDEX 

Sensations  of  warmth  or  cold  depend,  not  only  on  the  temperature  of 
the  surrounding  air  as  registered  by  a  dry-bulb  thermometer,  but  also 
upon  the  temperature  indicated  by  a  wet-bulb  thermometer,  upon  air 
movement  and  upon  radiation  effects.  Dry  air  at  a  relatively  high 
temperature  may  feel  cooler  than  air  of  considerably  lower  temperature 
with  a  high  moisture  content.  Air  motion  makes  any  moderate  condition 
feel  cooler.  Radiation  from  cold  or  warm  surfaces  is  another  important 
factor  under  certain  conditions. 

Combinations  of  temperature,  humidity,  and  air  movement  which 
induce  the  same  feeling  of  warmth  are  called  thermo-equivalent  condi- 
tions. A  series  of  tests25'26-27-28  at  the  A.S.H.V.E.  Research  Laboratory, 
Pittsburgh,  established  the  equivalent  conditions  met  with  in  general  air 
conditioning  work.  This  scale  of  thermo-equivalent  conditions  not  only 
indicates  the  sensation  of  warmth,  but  also  determines  the  physiological 
effects  on  the  body  induced  by  heat  or  cold.  For  this  reason,  it  is  called 
the  effective  temperature  scale  or  index. 

Effective  temperature  is  an  empirically  determined  index  of  the  degree 
of  warmth  perceived  on  exposure  to  different  combinations  of  tempera- 
ture, humidity,  and  air  movement.  It  was  determined  by  trained  subjects 
who  compared  the  relative  warmth  of  various  air  conditions  in  two  ad- 
joining conditioned  rooms  by  passing  back  and  forth  from  one  room  to 
the  other. 

The  numerical  value  of  the  effective  temperature  index  for  any  given 
air  conditions  is  fixed  by  the  temperature  of  calm  (15  to  25  fpm  air 
movement)  saturated  air  which  induces  a  like  sensation  of  warmth  or 
cold.  Thus,  any  air  condition  has  an  effective  temperature  of  60  deg,  for 
instance,  when  it  induces  a  sensation  of  warmth  like  that  experienced  in 
calm  air  at  60  deg  saturated  with  moisture.  The  effective  temperature 
index  cannot  be  measured  directly  but  is  computed  from  the  dry-  and 
wet-bulb  temperature  for  a  given  air  velocity  or  using  charts  (see  Figs. 
6,  7  and  8)  or  tables.  The  relation  of  winter  and  summer  sensations  of 


21The  Reactions  of  the  Clothed  Human  Body  to  Variations  in  Atmospheric  Humidity,  by  C.-E.  A. 
Winslow,  L.  P.  Herrington  and  A.  P.  Gagge  (American  Journal  of  Physiology,  Vol.  124,  December,  1938, 
p.  692). 

26A.S.H.V.E.  RESEARCH  REPORT  No.  673 — Determination  of  the  Comfort  Zone,  by  F.  C.  Houghten 
and  C.  P.  Yagloglou  (A.S.H.V.E.  TRANSACTIONS,  Vol.  29,  1923,  p.  361). 

WA.S.H.V.E.  RESEARCH  REPORT  No.  691 — Cooling  Effect  on  Human  Beings  by  Various  Air  Velocities, 
by  F.  C.  Houghten  and  C.  P.  Yaglou  (A.S.H.V.E.  TRANSACTIONS,  Vol.  30,  1924.  p.  193). 

"A.S.H.V.E.  RESEARCH  REPORT  No.  717 — Effective  Temperature  with  Clothing,  by  C.  P.  Yaglou  and 
W.  E.  Miller  (A.S.H.V.E.  TRANSACTIONS,  Vol.  31,  1925,  p.  89). 

MA.S.H.V.E.  RESEARCH  REPORT  No.  755 — Effective  Temperature  for  Persons  Lightly  Clothed  and 
Working  in  Still  Air,  by  F.  C.  Houghten,  W.  W.  Teague,  and  W.  E.  Miller  (A.S.H.V.E.  TRANSACTIONS. 
Vol.  32,  1926,  p.  315). 
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comfort  to  wet-  and  dry-bulb  temperature  at  low  air  movement  is  shown 
in  Fig.  6.  Relations  between  moisture  content  and  various  dry-bulb 
temperatures  to  wet-bulb  readings  and  effective  temperatures  are  depicted 
in  Fig.  7.  Effective  temperatures  for  various  combinations  of  wet-  and 


STILL  AIR 

Air  Movement  or  Turbulence  15  to  25  ft  per  min, 

A.S.H.V.E.  COMFORT  CHART 

(Covvri&ht  193ft 
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Dry  Bulb  Temperature  F 

FIG.  6.    A.S.H.V.E.  COMFORT  CHART  FOR  Am  VELOCITIES  OF  15  TO  25  FPM 

(STILL  AIR) 

Note. — Both  summer  and  winter  comfort  zones  apply  to  inhabitants  of  the  United  States  only.  Applica- 
tion of  winter  comfort  line  is  further  limited  to  rooms  heated  by  central  station  systems  of  the  convection 
type.  The  line  does  not  apply  to  rooms  heated  by  radiant  methods.  Application  of  summer  comfort  line 
is  limited  to  homes,  offices  and  the  like,  where  the  occupants  Liecon.e  fully  adapted  to  the  artificial  air  con- 
ditions. The  line  does  not  apply  to  theaters,  department  stores,  and  the  like  where  the  exposure  is  leas  than 
3  hours. 

dry-bulb  temperature  readings  are  given   in  Fig.   8  accompanied   by 
various  air  movements. 

The  Comfort  Chart  shown  applies  to  average  normal  and  healthy 
persons  adapted  to  American  living  and  working  conditions.  Application 
is  limited  to  sedentary  or  light  muscular  activity,  It  will  probably  not 
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apply  to  inhabitants  of  other  countries  where  the  living  conditions, 
climate,  heating  methods,  and  clothing  are  materially  different  than  those 
of  the  subjects  employed  in  experiments  at  the  Research  Laboratory- 
In  rooms  in  which  the  average  wall  surface  temperature  is  considerably 
below  or  above  air  temperature,  a  correction  must  be  applied  to  the 
readings  of  the  dry-bulb  thermometer  to  allow  for  such  negative  or  posi- 
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tive  radiation.  In  Fig.  9  is  given  the  cooling  effect  of  cold  walls  as 
determined  at  the  A.S.H.V.E.  Research  Laboratory29  by  trained  subjects 
passing  back  and  forth  from  a  small  experimental  room  having  three  cold 
walls,  to  a  control  room  with  walls  and  air  at  the  same  temperature. 
It  can  be  seen  in  Fig.  9  that  in  comparison  with  air  and  walls  at  70  F  in 
the  control  (warm  wall)  room,  the  cooling  effect  of  three  cold  walls,  at 
55  F  of  the  experimental  room  was  4  F.  Therefore,  for  the  same  feeling 


»Loc.  Cit.  Note  28. 
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FIG.  8.    EFFECTIVE  TEMPERATURE  CHART  SHOWING  NORMAL  SCALE  OF  EFFECTIVE 

TEMPERATURE.   APPLICABLE  TO  INHABITANTS  OF  THE  UNITED  STATES  UNDER 

FOLLOWING  CONDITIONS: 

A.  Clothing:  Customary  indoor  clothing.    B.  Activity:  Sedentary  or  light  muscular  work.    C.  Healing 
Methods:  Convection  type,  i.e.  warm  air,  direct  steam  or  hot  water  radiators,  plenum  systems. 
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of  warmth,  the  temperature  in  the  experimental  room  should  be  increased 
to  74 'F.  The  reverse  would  hold  in  rooms  with  high  wall  surface  tem- 
perature; a  lower  air  temperature  would  be  required  to  compensate  for 
positive  radiations  to  the  occupants. 

In  Fig.  6  is  shown  the  A.S.H.V.E.  winter  comfort  zone  which  ^ was 
determined  experimentally  with  large  groups  of  men  and  women  subjects 
wearing  customary  indoor  winter  clothing30'31.  The  extreme  comfort 
zone  includes  conditions  between  60  and  74  deg  ET  in  which  one  or  more 
of  the  experimental  subjects  was  comfortable.  The  average  comfort 
zone  includes  conditions  between  63  and  71  deg  ET  conducive  to  comfort 
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FIG.  9.    COOLING  EFFECT  OF  THREE  COLD  WALLS  IN  A  SMALL  EXPERIMENTAL  ROOM, 

AS  DETERMINED  BY  COMPARISON  WITH  SENSATIONS  IN  A  ROOM  OF  UNIFORM 

WALL  AND  AIR  TEMPERATURE 

in  50  per  cent  or  more  of  the  experimental  subjects.  The  most  popular 
effective  temperature  was  found  to  be  66  deg,  and  was  adopted  by  the 
Society32  as  the  winter  comfort  line  for  individuals  at  rest  wearing  custom- 
ary winter  clothing. 

The  comfort  line  separates  the  cool  air  conditions  to  its  left  from  the 
warm  air  conditions  to  its  right.  Under  the  air  conditions  existing  along 
or  defined  by  the  comfort  line,  the  body  is  able  to  maintain  thermal 
equilibrium  with  its  environment  with  the  least  conscious  sensation  to 
the  individual,  or  with  the  minimum  physiologic  demand  on  the  heat 
regulating  mechanism. 

The  average  winter  comfort  line  (66  deg  ET)  applies  to  average  Ameri- 
can men  and  women  living  inside  the  broad  geographic  belt  across  the 


3°Loc.  Cit.  Note  25. 

31The  Summer  Comfort  Zone;  Climate  and  Clothing,  by  C.  P.  Yaglou  and  Philip  Drinker,  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  35,  1929,  p.  269). 

32How  to  Use  the  Effective  Temperature  Index  and  Comfort  Charts  (A.S.H.V.E.  TRANSACTIONS, 
Vol.  38,  1932,  p.  410). 
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United  States  in  which  central  heating  of  the  convection  type  is  generally 
used  during  four  to  eight  months  of  the  year.  It  does  not  apply  to  rooms 
heated  by  radiant  energy,  rooms  with  excessive  glass  area  or  rooms  with 
poorly  insulated  or  cold  walls. 

In  densely  occupied  spaces,  such  as  classrooms,  theaters  and  audi- 
toriums, somewhat  lower  temperatures  may  be  necessary  than  those 
indicated  by  the  comfort  line  on  account  of  counter-radiation  between 
the  bodies  of  occupants  in  close  proximity33. 

The  sensation  of  comfort,  insofar  as  the  physical  environment  is  con- 
cerned, is  not  absolute  but  varies  considerably  among  certain  individuals. 
Therefore,  in  applying  the  air  conditions  indicated  by  the  comfort  line,  it 
should  not  be  expected  that  all  the  occupants  of  a  room  will  feel  perfectly 
comfortable.  When  the  winter  comfort  line  is  applied  in  accordance  with 
the  foregoing  recommendations,  the  majority  of  the  occupants  will  be 
perfectly  comfortable,  but  there  will  always  be  a  few  who  would  feel 
a  bit  too  cool  and  a  few  a  bit  too  warm.  These  individual  differences  among 
the  minority  should  be  counteracted  by  suitable  clothing. 

Air  conditions  lying  outside  the  average  comfort  zone  but  within  the 
extreme  comfort  zone  may  be  comfortable  to  certain  persons.  In  other 
words,  it  is  possible  for  half  of  the  occupants  of  a  room  to  be  comfortable 
in  air  conditions  outside  the  average  comfort  zone,  but  in  the  majority  of 
cases,  if  not  in  all,  these  conditions  will  be  well  within  the  extreme  comfort 
zone  as  determined  experimentally. 

For  prematurely  born  infants,  the  optimum  temperature  varies  from 
100  to  75  F,  depending  upon  the  stage  of  development.  The  optimum 
relative  humidity  for  these  infants  is  placed  at  65  per  cent34.  No  data  are 
yet  available  on  the  optimum  air  conditions  for  full  term  infants  and 
young  children  up  to  school  age.  Satisfactory  air  conditions  for  these 
age  groups  are  assumed  to  vary  from  75  to  68  F  with  natural  indoor 
humidities.  For  school  children,  the  studies  of  the  New  York  State 
Commission  on^  Ventilation  place  the  optimum  air  conditions  at  66  to  68  F 
temperature  with  a  moderate  humidity  and  a  moderate  but  not  excessive 
amount  of  air  movement36. 

Satisfactory  comfort  conditions  for  men  at  work  are  found  to  vary 
from  40  to  70  deg  ET,  depending  upon  the  rate  of  work  and  amount 
of  clothing  worn36.  ^  In  hot  industries,  80  deg  ET  is  considered  the  upper 
limit  compatible  with  efficiency,  and,  whenever  possible,  this  should  be 
reduced  to  70  deg  ET  or  less. 

The  summer  comfort  zone  is  much  more  difficult  to  fix  than  the  winter 
zone  owing  to  the  complicating  factor  of  sweating  in  warm  weather.  A 
given  air  condition  which  is  comfortable  for  persons  with  dry  skin  and 
clothing  may  prove  too  cold  for  those  perspiring,  as  is  the  case,  for  in- 
stance, with  employees  and  customers  in  a  cooled  store,  restaurant,  or 
theater,  on  a  warm  summer  day.  The  conditions  to  be  maintained  in 
different  ^types  of  public  buildings  depend  to  a  large  extent  upon  the 
occupant's  length  of  stay  and  upon  the  prevailing  outdoor  condition. 

»Loc.  Cit.  Note  31. 

*£P&^  *  C- 

«Loc.  Cit.  Note  12. 
"Loc.  Cit.  Note  28. 
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In  Fig.  6  is  shown  the  summer  comfort  zone  for  exposures  of  3  hours  or 
more,  after  adaptation  has  taken  place.  The  average  zone  extends  from 
66  to  75  deg  ET,  with  a  comfort  line  at  71  deg  ET,  as  determined  at  the 
Harvard  School  of  Public  Health?7.  These  effective  temperatures  average 
about  4  deg  higher  than  those  found  in  winter  when  customary  winter 
clothing  was  worn.  The  variation  from  winter  to  summer  is  probably 
due  partly  to  adaptation  to  seasonal  weather  and  partly  to  differences 
in  the  clothing  worn  in  the  two  seasons. 

The  basic  summer  comfort  zone  presented  in  Fig.  6  prescribes  con- 
ditions of  choice  for  continuous  exposures,  as  in  homes,  offices,  etc., 
without  regard  to  costs,  prevailing  outdoor  air  conditions,  and  tempera- 
ture contrasts  upon  entering  or  leaving  the  cooled  space.  A  great  number 
of  persons  seem  to  be  content  with  a  higher  plane  of  indoor  temperature, 
particularly  when  the  matter  of  first  cost  and  cost  of  operation  of  a  cooling 
plant  is  given  due  consideration. 

According  to  previous  investigations38,  an  indoor  temperature  of  about 
80  F  with  relative  humidities  below  55  per  cent,  or  74.5  deg  ET  and  lower, 
results  in  satisfactory  comfort  conditions  in  the  living  quarters  of  a 
residence,  and  while  this  condition  is  not  representative  of  optimum 
comfort  it  provides  for  sufficient  relief  in  hot  weather  to  be  acceptable  to 
the  majority  of  users.  Experience  in  a  number  of  air  conditioned  office 
buildings,  including  the  New  Metropolitan  Life  Building  in  New  York®, 
indicates  that  a  temperature  of  about  80  F  with  a  relative  humidity 
between  45  and  55  per  cent  (73  to  74.5  deg  ET)  is  generally  satisfactory 
in  meeting  the  requirements  of  the  employees. 

Recent  studies  carried  out  under  the  auspices  of  the  Society  have 
shown  that  effective  temperatures  of  71  F  in  Toronto,  72  F  in  Pittsburgh 
and  Minneapolis,  and  73  F  in  Texas,  were  generally  found  most  comfort- 
able by  sedentary  workers  during  the  summer  months40.  The  preferred 
indoor  optimum  varied  with  outdoor  temperature  during  successive 
summer  months41;  and  interesting  data  were  obtained  as  to  contrast 
effects  between  indoor  and  outdoor  situations42. 

In  artificially  cooled  theaters,  restaurants,  and  other  public  buildings 


"Loc.  Cit.  Note  31. 

"A.S.H.V.E,  RESEARCH  REPORT  No.  1012— Study  of  Summer  Cooling  in  the  Research  Residence  for 
the  Summer  of  1934,  by  A.  P.  Kratz,  S.  Konzo,  M.  K.  Fahnestock  and  E.  L.  Broderick  (A.S.H.V.E.  TRANS- 
ACTIONS, Vol.  41,  1935,  p.  207). 

"The  Air  Conditioned  System  of  the  New  Metropolitan  Building — First  Summer's  Experience,  by 
W.  J.  McConnell  and  I.  B.  Kagey  (A.S.H.V.E.  TRANSACTIONS,  Vol.  40,  1934,  p.  217). 

"A.S.H.V.E.  RESEARCH  REPORT  No.  1035 — Comfort  Standards  for  Summer  Air  Conditioning,  by  F.  C. 
Houghten  and  Carl  Gutberlet  (A.S.H.V.E.  TRANSACTIONS,  Vol.  42,  1936,  p.  215).  A.S.H.V.E.  RESEARCH 
REPORT  No.  1055 — Cooling  Requirements  for  Summer  Comfort  Air  Conditioning,  by  F.  C.  Houghten, 
F.  E.  Giesecke,  C.  Tasker  and  Carl  Gutberlet  (A.S.H.V.E.  TRANSACTIONS,  Vol.  43, 1937,  p.  145).  A.S.H.V.E. 
RESEARCH  REPORT  No.  1088 — Summer  Cooling  Requirements  of  275  Workers  in  an  Air  Conditioned  Office, 
by  A.  B.  Newton,  F.  C.  Houghten,  Carl  Gutberlet,  and  R.  W.  Qualley  (A.S.H.V.E.  TRANSACTIONS,  Vol. 
44,  1938,  p.  337).  Cooling  Requirements  for  Summer  Comfort  Air  Conditioning  in  Toronto,  by  C.  Tasker 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  44,  1938,  p.  549).  A.S.H.V.E.  RESEARCH  REPORT  No.  1127— Reactions 
of  Office  Workers  to  Air  Conditioning  in  South  Texas,  by  A.  J.  Rummel,  F.  E.  Giesecke,  W.  H.  Badgett 
and  A.  T.  Moses  (A.S.H.V.E.  TRANSACTIONS,  Vol.  45,  1939,  p.  459).  A.S.H.V.E.  RESEARCH  REPORT 
No.  1136 — Summer  Cooling  Requirements  in  Washington,  D.  C.,  and  Other  Metropolitan  Districts,  by 
F.  C.  Houghten,  Carl  Gutberlet  and  Albert  A.  Rosenberg  (A.S.H.V.E.  TRANSACTIONS,  Vol.  45,  1939, 
p.  577).  Reactions  of  745  Clerks  to  Summer  Air  Conditioning,  by  W.  J.  McConnell  and  M.  Spiegelman 
(A.S.H.V.E.  JOURNAL  SECTION,  Heating,  Piping  and  Air  Conditioning,  May,  1940,  p.  317). 

"A.S.H.V.E.  RESEARCH  REPORT  No.  1088 — Summer  Cooling  Requirements  of  275  Workers  in  an  Air 
Conditioned  Office,  by  A.  B.  Newton,  F.  C.  Houghten,  Carl  Gutberlet  and  R.  W.  Qualley  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  44,  1938,  p.  337). 

"A.S.H.V.E.  RESEARCH  REPORT  No.  1102 — Shock  Experiences  of  275  Workers  After  Entering  and 
Leaving  Cooled  and  Air-Conditioned  Offices,  by  A.  B.  Newton,  F.  C.  Houghten,  C.  Gutberlet,  R.  W. 
Qualley,  and  M.  C.  W.  Tomlinson  (A.S.H.V.E.  TRANSACTIONS,  Vol.  44,  1938,  p.  571). 

59 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

where  the  period  of  occupancy  is  short,  the  contrast  between  outdoor  and 
indoor  air  conditions  becomes  the  deciding  factor  in  regards  to  the  tem- 
perature and  humidity  to  be  maintained,  The  object  of  cooling  such 
places  in  the  summer  is  to  provide  sufficient  relief  from  the  heat  without 
causing  sensations  of  chill  or  intense  heat  on  entering  and  leaving  the 
building. 

The  Comfort  Chart  has  proved  one  of  the  most  valuable  tools  of  the 
heating  and  ventilating  engineer.  Research  in  other  laboratories43  has 
shown  somewhat  different  quantitative  relationships  but  these  are  easily 
accounted  for  by  differences  in  metabolic  activity  and  clothing.  It 
appears  from  this  other  work  that  the  Comfort  Chart  may  perhaps 
exaggerate  somewhat  the  influence  of  relative  humidity  at  low  tempera- 
tures and  underestimate  it  at  high  temperatures;  but  the  chart  gives  an 
essentially  correct  picture  of  those  relations  which  exist  where  radiant 
influences  and  high  air  movement  are  not  important  factors. 

PHYSIOLOGICAL  OBJECTIVES  OF  HEATING  AND  VENTILATION 

Aside  from  the  removal  of  toxic  fumes  and  dusts  from  heating  appli- 
ances and  industrial  processes,  the  chief  task  of  the  heating  and  venti- 
lating engineer  is  to  keep  his  clients  warm  in  winter  and  cool  in  summer. 

For  the  normally  vigorous  person,  normally  clothed,  and  at  rest,  an  air 
temperature  of  65  F  should  be  provided  at  knee-height,  18  in.  in  order  to 
prevent  chilling  of  the  legs  and  feet.  With  some  heating  systems,  this 
will  correspond  to  70  F  at  a  5  ft  height.  Air  temperature  may  be  increased 
or  decreased  in  order  to  compensate  for  deviations  of  mean  radiant 
temperature  above  or  below  air  temperature. 

In  rooms  occupied  by  persons  of  sub-normal  vitality,  knee-height 
temperatures  must  be  higher  than  65  F.  Since  dwellings  are  designed  for 
occupancy  by  old  people  and  children,  the  heating  system  should  be  able 
to  provide  a  temperature  of  70  F  at  knee-height  under  ordinary  winter 
conditions. 

The  maintenance  of  such  conditions  as  these  in  winter  depends  on 
three  major  factors,  the  heat  produced  in  the  occupied  space,  the  heat 
absorbed  from  the  sun  and  the  heat  loss  through  the  walls,  floor  and 
ceiling  of  the  structure  to  cold  air  and  earth.  Taking  these  up  in  the 
order  in  which  they  occur,  in  planning  a  new  structure  it  is  essential  to 
remember  the  important  effect  of  orientation  and  fenestration  of  the 
building  with  respect  to  the  absorption  of  radiant  heat  from  the  sun. 
It  has  recently  been  shown  that,  in  the  vicinity  of  New  York  effective 
sun-heat  on  a  wall  facing  south  is  almost  five  times  as  great  in  winter  as 
in  summer,  but  on  a  wall  facing  west-north-west  it  is  six  times  as  great 
in  summer  as  in  winter44.  The  orientation  of  the  same  one-story  house 
(in  a  laboratory  model)  was  changed  from  a  position  in  which  its  principal 
rooms  faced  northwest  to  a  position  in  which  these  rooms  (with  re- 
arranged and  slightly  increased  fenestration)  faced  west  of  south.  This 
change  decreased  average  summer  sun-heat  to  one-ninth  and  increased 
average  winter  sun-heat  to  fourfold  of  its  value  with  the  original  ori- 
entation. s 


«Loc.  Cit.  Note  9. 
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The  choice  between  the  various  methods  of  heating  depends,  of  course, 
on  many  engineering  and  other  factors.  From  the  standpoint  of  human 
health  and  comfort,  however,  it  is  important  to  minimize  floor-ceiling 
differentials  as  far  as  possible  to  avoid  hot  heads  and  cold  feet.  Further- 
more, when  the  problem  is  a  heating  one,  low  air  movement  is  desirable, 
since  air  temperature  must  be  raised  to  balance  the  cooling  effect  of 
air  motion. 

Where  occupants  are  closely  aggregated,  a  new  problem  comes  in, 
the  removal  of  the  excess  heat  produced  by  the  human  body  itself.  If 
the  temperature  of  such  a  space  be  correctly  adjusted  when  the  occupants 
enter,  it  will  steadily  rise  during  the  period  of  occupancy  as  a  result  of 
the  heat  produced  by  the  occupants  in  the  process  of  metabolism.  Of  the 
400  Btu  given  off  in  metabolism  100  would  perhaps  be  lost  in  evaporation, 
leaving  300  Btu  per  person  per  hour  to  warm  the  .air.  In  a  room  contain- 
ing many  persons,  the  effects  of  this  body  heat  can  be  neutralized  by 
outside  air  without  producing  unpleasant  and  dangerous  drafts  on  those 
near  the  windows  or  other  inlets.  The  supply  of  air  should  be  so  tempered 
as  to  avoid  drafts  but  in  an  amount  and  at  a  temperature  which  will 
remove  the  sensible  heat  produced  by  human  metabolism.  With  no 
heat  loss  through  walls  (as  in  an  interior  auditorium)  this  will  require 
28  cfm  of  air  per  person  with  admitted  air  at  60  F  and  a  maximum  figure 
of  70  F,  for  air  leaving  the  room.  Under  practical  conditions,  with  one 
or  more  cold  walls,  and  a  room  containing  a  moderate  number  of  occu- 
pants and  ample  cubic  space,  window  ventilation  with  deflectors  and  a 
gravity  exhaust  duct  may  suffice.  With  crowded  rooms,  and  with  any 
rooms  containing  50  or  mqre  occupants,  forced  ventilation  will  be  essential 

SUMMER  COMFORT 

The  problem  of  keeping  cool  in  summer  is  physiologically  as  important 
as  keeping  warm  in  winter.  In  summer  the  relative  humidity  of  the 
atmosphere  is  of  importance,  along  with  air  temperature,  air  movement, 
and  wall  temperature.  There  is  no  very  practical  method  of  cooling  walls, 
but  summer  comfort  can  be  promoted  by  modifying  either  one  of  the 
other  three  factors  involved. 

Increase  of  comfort  by  air  movement  can  be  effected  in  two  ways.  The 
first  of  these  is  promotion  of  natural  circulation  by  cross  or  through 
ventilation;  and  here  the  architect  is  responsible  for  providing  room 
planning  and  fenestration  which  will  make  such  natural  ventilation 
possible.  In  the  lowest  cost  housing  this  should  be  considered  as  essential. 

The  direct  control  of  air  temperature  and  humidity  is,  of  course,  the 
ideal  solution  where  the  cost  of  a  complete  air  conditioning  equipment 
can  be  met.  Where  this  objective  is  attained,  there  are  two  schools  of 
thought  concerning  the  relation  between  temperature  and  humidity  to 
be  maintained.  For  a  given  effective  temperature  some  engineers  favor 
comparatively  low  temperature  with  a  high  humidity  as  this  results  in  a 
reduction  of  refrigeration  requirements.  Preliminary  experiments  at  the 
A.S.H.V.E.  Laboratory45  would  seem  to  indicate  no  appreciable  impair- 

«A.S.H.V.E.  RESEARCH  REPORT  No.  1035— Comfort  Standards  for  Summer  Air  Conditioning,  by  F.  C. 
Houghten  and  Carl  Gutberlet  (A.S.H.V.E.  TRANSACTIONS,  Vol.  42,  1936,  p.  215).  A.S.H.V.E.  RESEARCH 
REPORT  No.  1055 — Cooling  Requirements  for  Summer  Air  Conditioning,  by  F.  C.  Houghten,  F.  E.  Giesecke, 
C.  Taskerand  Carl  Gutberlet  (A.S.H.V.E.  TRANSACTIONS,  Vol.  43,  1937,  p.  145.) 
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ment  of  comfort  with  relative  humidities  as  high  as  80  per  cent,  provided 
the  effective  temperature  is  between  70  and  75  deg. 

The  second  school  favors  a  higher  dry-bulb  temperature,  according 
to  the  prevailing  outdoor  dry-bulb,  with  a  comparatively  low  humidity 
(well  below  50  per  cent),  the  main  purpose  being  to  reduce  temperature 
contrasts  upon  entering  and  leaving  the  cooled  space  and  to  keep  the 
clothing  and  skin  dry.  This  second  scheme  requires  more  refrigeration 
with  the  present  conventional  type  of  apparatus. 

In  connection  with  summer  cooling  mention  should  be  made  of  the 

TABLE  5.    DESIRABLE  INSIDE  CONDITIONS  IN  SUMMER  CORRESPONDING 

TO  OUTSIDE  TEMPERATURESa 

Occupancy  Over  40  Min 


INSIDE  Ant  CONDITIONS 


DEG  F 

Effective 
Temperature 

Dry-Bulb 
DegF 

Wet-Bulb 
DegF 

Dew-Point 
DegF 

Relative  Humid- 
ity Per  Cent 

100 

75 

75 
75 
75 

83 
82 

81 
80 

.       66 

67 
68 
70 

56 
59 
61 
65 

40 
45 
51 
60 

95 

74 
74 
74 
74 
74 

82 
81 
80 
79 
78 

64 
66 
67 
68 
70 

53 
57 
60 
62 
66 

36 

44 
51 
57 
68 

90 

73 
73 
73 
73 

81 
80 
79 
•    78 

63    * 
64 
66 
67 

52 
54 
59 
61 

36 

41 
50 
56 

85 

72 
72 
72 
72 

80 
79 

78 

77 

61 
63 
64 
66 

48 
53 
56 
60 

32 
41 
46 
56 

80 

71 
71 
71 
71 

78 
77 
76 
75 

61 
63 
64 
66 

49 
54 
57 
61 

36 
45 
52 
61 

^Applicable  to  individuals  engaged  in  sedentary  or  light  muscular  activity. 

danger  of  over-doing  it.  Possible  impairment  to  health  may  have  resulted 
from  the  sharp  contrast  between  air  conditioned  trains  and  the  outside 
atmosphere  in  the  early  days  of  this  practice.  Current  practice  in  theaters, 
restaurants,  etc.,  follows  a  schedule  similar  to  that  shown  in  Table  5. 
This  schedule  should  be  used  with  considerable  judgment,  depending 
on  the  occupancy  and  local  climatic  conditions.  There  are  some  in- 
dications that  a  definite  indoor  effective  temperature  may  be  applicable 
throughout  the  cooling  season,  but  other  observations  seem  to  show  that 
changing  indoor  conditions  are  desirable  with  violently  changing  outdoor 
weather  conditions.  It  is  questionable  whether  entirely  satisfactory  air 
conditions  could  be  adduced  for  practical  use  to  meet  the  changing 
requirements  of  patrons  from  the  time  they  enter  to  the  time  they  leave 
a  cooled  space.  Too  many  uncontrollable  variables  enter  into  the  prob- 
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lem.  Work  now  going  on  at  the  A.S.H.V.E.  Research  Laboratory  and 
other  institutions  may  throw  considerable  light  on  this  complex  problem. 

For  cooled  banks  and  stores  where  the  customers  come  and  go,  spending 
but  a  few  minutes  in  the  cooled  space,  observations  indicate  a  schedule 
about  1  deg  of  effective  temperature  higher  than  that  shown  in  Table  5. 
Laboratory  experiments  with  exposures  of  2  to  10  min  indicate  tem- 
peratures 2  to  10  F  higher  than  those  in  Table  5,  but  with  much  lower 
relative  humidities. 

It  should  be  kept  in  mind  that  southern  people,  with  their  more  sluggish 
heat  production  and  lack  of  adaptability,  will  demand  a  comfort  zone 
several  degrees  higher  than  that  for  the  more  active  people  of  northern 
climates.  Instead  of  the  summer  comfort  lines  standing  at  71  deg  ET  as 
here  given,  it  was  found  to  be  much  higher  for  foreigners  in  Shanghai 
where  climatic  conditions  are  similar  to  those  of  our  gulf  states.  This 
difference  in  adaptability  of  people  forms  a  very  real  problem  for  air 
conditioning  engineers.  Cooling  of  theaters,  restaurants,  and  other 
public  buildings  in  southern  climates  cannot  be  based  on  northern 
standards  without  considerable  modification. 

RELATION  OF  AIR  AND  WALL  TEMPERATURES 

In  the  previous  discussion,  it  has  generally  been  assumed  that  air  and 
wall  temperatures  are  alike  and,  of  course,  this  is  roughly  the  case.  In  a 
room  heated  by  pure  convection,  the  walls  are  generally  heated  by  the 
warm  air  and  in  a  room  heated  by  pure  radiation,  the  air  is  gradually 
warmed  by  convection  from  surfaces  which  have  themselves  been  warmed 
by  absorption  of  radiant  heat.  In  ordinary  indoor  spaces,  whatever  the 
heating  method,  the  mean  of  floor,  ceiling  and  all  four  walls,  is  not  likely 
to  differ  more  than  3  F  from  the  air  temperature;  but  individual  walls 
which  have  a  dominant  effect  on  certain  areas  of  the  room  may  be  20  F 
below  air  temperature46  (see  Fig.  9). 

With  an  open  fire,  or  a  high  temperature  radiant  heater  the  influence 
of  radiant  heat  may  be  considerable;  and  with  large  window  areas  the 
converse  cooling  effect  may  be  important.  Outdoors  in  the  sun,  the 
influence  of  radiation  is,  of  course,  enormous.  Where  substantial  differ- 
ences between  air  and  surrounding  surfaces  (or  special  radiant  heat 
sources)  do  exist,  this  factor  must  be  taken  into  account. 

An  interesting  point  indicated  by  the  studies  at  the  John  B.  Pierce 
Laboratory ,  is  that  when  a  given  operative  temperature  (that  is,  the 
temperature  which  should  physically  exert  a  certain  heat-demand  upon 
a  body  of  fixed  surface  temperature)  is  produced  by  (1)  air  and  walls  at 
approximately  the  same  temperature,  and  (2)  colder  air  and  warmer  walls 
(in  the  zone  of  body  cooling),  the  skin  temperature  falls  to  a  lower  point 
for  the  cold  air  warm  wall  situation,  thus  decreasing  the  actual  rate  of 
heat  loss.  The  reason  for  this  effect  is  somewhat  obscure  but  it  is  believed 
to  be  related  to  local  stimulation  by  the  colder  air  exerted  on  the  mem- 
branes of  the  nose  and  throat  and  to  the  greater  chilling  of  the  exposed 
skin  surfaces  when  those  parts  of  the  body  are  moved. 


"Wall  Surface  Temperatures,  by  A.  C.  Willard  and  A.  P.  Kratz  (A.S.H.V.E.  TRANSACTIONS,  Vol.  36, 
1930,  p.  447). 
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INFLUENCE  OF  HUMIDITY 

Recent  research  indicates  that,  from  the  physiological  viewpoint: 

1.  In  the  hot  zone  (above  a  point  of  ideal  adjustment  and  comfort)  high  relative 
humidity  tends  to  prevent  evaporative  regulation  and  is  exceedingly  harmful.     Even 
when  evaporation  of  sweat  maintains  a  successful  thermal  balance,  the  process  is  ac- 
companied by  marked  discomfort  and  interference  with  physical  efficiency;  and  high 
relative  humidity  sharply  narrows  the  zone  of  temperature  within  which  adjustment  can 
take  place,  a  rise  from  0  to  100  per  cent  relative  humidity  (under  conditions  cited  in  a 
preceding  paragraph)  lowering  the  limit  of  air-temperature  tolerance  by  40  deg  (see 
Fig.  2  and  Table  2  giving  upper  limits  of  evaporative  regulation). 

2.  In  the  cold  zone  relative  humidity  has  comparatively  slight  influence,  lowering 
relative  humidity  from  75-80  per  cent  down  to  30-35  per  cent  increasing  heat  loss  only 
by  the  same  amount  as  a  1  deg  fall  in  temperature. 

For  the  premature  infant,  a  high  relative  humidity  of  about  65  per  cent 
is  demonstrably  beneficial  to  health  and  growth47  until  the  infants  reach 
a  weight  of  about  5  Ib.  No  such  clear-cut  evidence  exists  in  the  case 
of  adults.  In  the  comfort  zone  experiments  of  the  A.S.H.V.E.  Research 
Laboratory,  the  relative  humidity  was  varied  between  the  limits  of  30 
and  70  per  cent  approximately,  but  the  most  comfortable  range  has  not 
been  determined.  In  similar  experiments  at  the  Harvard  School  of 
Public  Health,  the  majority  of  the  subjects  were  unable  to  detect  sensa- 
tions of  humidity  (i.e.,  too  high,  too  low,  or  medium)  when  the  relative 
humidity  was  between  30  per  cent  and  60  per  cent  with  ordinary  room 
temperatures  which  is  in  accord  with  other  studies48-49. 

The  limitation  of  the  comfort  zones  in  Fig.  6  with  respect  to  humidity 
must  not  be  taken  too  seriously.  Relative  humidities  below  30  per  cent 
may  prove  satisfactory  from  the  standpoint  of  comfort.  In  mild  weather 
comparatively  high  relative  humidities  are  entirely  feasible,  but  in  cold 
weather  they  are  objectionable  on  account  of  condensation  and  frosting  on 
the  windows.  Information  on  this  subject  is  given  in  Chapter  3. 

A  degree  of  atmospheric  humidity  sufficiently  high  to  cause  deposition 
of  moisture  in  the  clothing  may  perhaps  increase  the  chilling  effects  of 
cold  air;  but  little  or  no  exact  information  is  available  on  this  point. 
The  dividing  line  at  which  humidity  has  no  effect  upon  warmth  varies 
with  the  air  velocity  and  is  about  46  F  (dry-bulb)  for  still  air  and  about 
50,  56  and  60  F  for  air  velocities  of  100,  300  and  500  fpm,  respectively. 

As  to  the  effects  of  dryness  of  the  air,  per  se,  and  irrespective  of  thermal 
effects,  there  is  a  common  belief  that  dry  air  in  itself  exerts  a  harmful 
effect  upon  the  skin  and  mucous  membranes ;  but  there  is  no  convincing 
evidence  that  the  increase  of  atmospheric  moisture  which  can  practically 
be  introduced  by  humidification  into  the  air  of  cool  occupied  rooms  has  any 
effect  upon  health  and  comfort.  All  controlled  experiments  on  this  point 
have  yielded  negative  results ;  and  the  respiratory  membranes  of  industrial 
workers  exposed  to  hot  moist  air  are  distinctly  more  abnormal  than  those 
of  workers  exposed  to  hot  dry  air50. 


*rLoc.  Cit.  Note  34. 

^Humidity  and  Comfort,  by  W.  H.  Howell  (The  Science  Press,  April,  1931). 

^Effect  of  Variation  in  .Relative  Humidity  upon  Skin  Temperature  and  Sense  of  Comfort,  by  U.  Miura 
(American  Journal  of  Hygiene,  Vol.  13,  1931,  p.  432). 
"Loo.  Cit.  Note  12. 
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INFLUENCE  OF  AIR  MOVEMENT 

The  problem  of  the  influence  of  air  movement  is  a  highly  complex  one 
as  illustrated  in  Fig.  10,  where  heat  losses  per  unit  of  body  surface  by 
radiation,  convection  and  evaporation  are  plotted  against  air  temperature 
for  three  different  rates  of  air  movement  (with  50  per  cent  relative 
humidity).  It  will  be  noted  that: 


350 


.0 

55        60       65        70       75       80       85       90       95 
AMBIENT  AIR  TEMPERATURE,  DEG  FAHR 

FIG.  10.    CHANGES  IN  DISTRIBUTION  OF  HEAT  Loss  BY  RADIATION,  CONVECTION,  AND 

EVAPORATION  AT  VARIOUS  AIR  TEMPERATURES  WITH  THREE  DIFFERENT 

AIR  MOVEMENTS 


1.  Evaporative  heat  loss  is  constant  and  minimal  at  air  temperatures  below  80  F 
and  is  relatively  uninfluenced  in  this  area  by  air  movement.    With  low  air  movement, 
sweat  secretion  begins  to  rise  at  SO  F,  but  with  very  high  air  movement  only  the  rise  does 
not  begin  until  87  F  (because,  with  high  air  movement,  the  body  cools  more  readily  by 
convection  and  hence  the  sweat  secreting  mechanism  need  not  operate  at  so  low  an  air 
temperature).     Above  this  critical  point,   evaporation   increases  very   sharply  with 
increasing  air  temperature. 

2.  Heat  loss  by  radiation  is  decreased  as  air  movement  increases  because  the  greater 
influence  of  convection,  when  air  movement  is  high,  lowers  the  skin  temperature  and 
thus  lowers  radiation  which  depends  on  the  differential  between  walls  and  body  surface. 

3.  Convection  rises  at  all  points  sharply  with  increased  air  movement,  according  to 
a  relation  discussed  in  a  succeeding  paragraph. 
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It  will  be  noted  that  the  proportionate  heat  loss  by  the  three  processes 
involved  varies  widely,  as  indicated  in  Table  6. 

At  air  temperatures  above  the  temperatures  of  the  body  surfaces,  the 
body  will,  of  course,  be  gaining  heat  by  convection  and  losing  heat  only  by 
evaporation.  Increased  air  movement  will  favor  both  these  processes 
and  its  net  effect  will  depend  on  the  relative  humidity  of  the  atmosphere. 
The  phenomena  involved  are  illustrated  in  Fig.  11  which  shows  the 
influence  of  air  movement  (at  varying  air  temperatures  and  humidities) 
upon  the  upper  limit  of  the  zone  of  evaporative  regulation.  It  will  be  noted 
that  (for  the  nude  subject  in  a  semi-reclining  posture)  increase  in  air 
movement  consistently  increases  evaporative  cooling,  and  therefore  heat 
tolerance,  when  relative  humidity  is  high  and  air  temperature  low.  When 
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FIG.  11.    CONTOUR  CHART  INDICATING  UPPER  LIMITS  (WETTED  AREA  =  100  PER  CENT) 

OF  THE  ZONE  OF  EVAPORATIVE  REGULATION  FOR  VARIOUS  AIR  VELOCITIES 

FOR  UNCLOTHED  SUBJECTS 


relative  humidity  is  low  and  air  temperature  is  high,  however,  an  increase 
in  air  velocity  from  17  to  30  or  100  fpm  actually  decreases  heat  tolerance. 
Under  these  conditions  air  temperature  is  above  skin  temperature  and 
the  increased  demand  for  evaporative  cooling  exceeds  the  actual  increase 
of  evaporation  due  to  the  higher  air  movement.  When  an  air  velocity  of 
500  fpm  is  reached,  the  limits  of  the  zone  are  broadened  throughout  its 
range.  For  very  hot  and  dry  environments,  still  air  is  more  desirable 
than  a  slightly  greater  air  movement  but  a  high  air  movement  is  still 
better. 

At  low  air  temperatures  the  effect  of  increased  air  movement  upon 
convection  loss  is  a  simple  and  direct  one;  but  the  exact  quantitative 
influence  of  air  movement  upon  the  rate  of  cooling  of  a  hot  body  has,  until 
recently,  been  unknown.  Studies  at  the  John  B.  Pierce  Laboratory  of 
Hygiene  have  indicated  that  the  cooling  effect  of  air  actually  increases  as 
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TABLE  6.    PERCENTAGE  OF  TOTAL  HEAT  Loss  EFFECTED  BY  THE  THREE  CHIEF 
ROUTES  OF  THERMAL  INTERCHANGE 


Air  Temperature.. 

DegF 

60 

70 

80 

90 

Air  Movement  

fpm 

IS 

100 

250 

15 
li" 

100 

250 

15 
29 

100 

250 

15 

100 

250 

Evaporation  

per  cent 

18 

16 

15 

19 

18 

27 

25 

73 

67 

55 

Radiation  

per  cent 

43 

26 

19 

40 

26 

17 

37 

24 

17 

14 

10 

13 

Convection  

per  cent 

39 

58 

66 

38 

55 

65 

34 

49 

58 

13 

23 

32 

the  square  root  of  its  velocity51.  Under  the  conditions  of  the  experiments 
in  question  (semi-reclining  lightly  clothed  subjects)  the  effect  is  repre- 
sented by  the  formula: 


-±  =  0.413  VV7 


(2) 


where 

C  =  Convection  loss  in  kilogram-calories  per  square  meter  of  body  surface  per  hour. 
AT  =  Surface  temperature  of  the  body   (clothing  and  exposed  skin)   minus  air 

temperature,  degrees  Fahrenheit. 
V  =  Velocity  of  air,  feet  per  minute. 

The  extent  of  the  effect  may  be  indicated  by  the  computed  data  in 
Table  7. 

As  emphasized  in  an  earlier  paragraph  the  problem  of  local  drafts 
causing  differential  cooling  of  special  areas  of  the  body  is  one  that  must 
always  be  kept  in  mind.  Experience  and  recent  field  studies  by  the 
A.S.H.V.E.  Research  Laboratory52  place  the  desirable  air  movement 
between  15  and  25  fpm  under  ordinary  room  temperatures  during  the 

TABLE  7.    CORRESPONDING  EQUIVALENT  AIR  TEMPERATURES  PRODUCING  EQUAL  HEAT 
LOSS  AT  15  FPM  FOR  VARIOUS  AlR  TEMPERATURES  AND  AlR  MOVEMENTS 


OBSERVED 

EQUIVALENT  TEMPERATURE  AT  STANDARD  AIR  MOVE- 

AMBIENT  AIR 

MENT  OF  15  FPM  WHEN  OBSERVED  AIR  MOVEMENT  IS 

TEMPERATURE 

DEC  F 

15  fpm 

100  fpm 

250  fpm 

500  fpm 

95 

95 

95.0 

95.7 

96.0 

90 

90 

88.5 

87.7 

87.0 

85 

85 

81.7 

79.5 

78.0 

80 

80 

75.2 

71.6 

69.0 

75 

75 

68.7 

63.5 

60.3 

70 

70 

62.2 

55.5 

51.2 

65 

65 

55.5 

47.5 

42.5 

60 

60 

48.9 

39.5 

33.6 

55 

55 

42.3 

31.8 

24.7 

50 

50 

35.7 

23.5 

15.8 

"The  Influence  of  Air  Movement  on  Heat  Losses  for  the  Clothed  Human  Body,  by  C.-E.  A.  Winslow, 
A.  P.  Gagge  and  L.  P.  Herrington  (American  Journal  of  Physiology,  October,  1939,  Vol.  127,  p.  505). 

"A.S.H.V.E.  RESEARCH  REPORT  No.  1016— Classroom  Drafts  hi  Relation  to  Entering  Air  Stream 
Temperature,  by  F.  C.  Houghten,  H.  H.  Trimble,  Carl  Gutberlet,  and  M.  F.  Lichtenfels  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  41,  1935,  p.  268). 
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heating  season.  Objectionable  drafts  are  likely  to  occur  when  the  velocity 
of  the  air  current  is  40  fpm  and  the  temperature  of  the  air  current  2  F  or 
more  below  the  customary  winter  room  temperature.  Higher  velocities 
are  desirable  in  the  summer  time  when  the  air  temperature  exceeds  80  F. 
Variations  in  air  movement  and  temperature  in  different  parts  of  occupied 
rooms  are  often  indicative  of  relative  air  distribution.  The  work  of  the 
A.S.H.V.E.  Research  Laboratory  indicates  that  an  air  movement  between 
15  and  25  fpm  with  a  temperature  variation  of  3  F  or  less  in  different 
parts  of  a  room,  36  in.  above  floor,  represent  satisfactory  distribution. 

THE  FOUR  VITAL  FACTORS 

From  the  preceding  discussion  it  is  clear  that  thermal  environment 
cannot  properly  be  adjusted  to  the  requirements  of  human  health  and 
comfort  without  control  of  all  the  four  basic  factors  concerned. 

According  to  the  recommendations  of  the  Sub-Committee  on  the 
Hygiene  of  Environmental  Conditions  in  the  Dwelling53,  it  is  of  great 
importance  in  all  research  studies  to  make  an  accurate  record  of  each  of 
the  four  independent  factors  governing  bodily  heat  exchanges,  tempera- 
ture, movement  and  humidity  of  the  air,  and  mean  radiant  temperature 
of  the  surrounding  surfaces.  For  this  purpose  the  committee  suggested 
in  the  interest  of  comparability  the  use  of  the  following  four  types  of 
instruments  or  others  yielding  similar  data: 

1.  Silvered  dry-bulb  thermometers  or  hair-pin  thermometers  (Bargeboer). 

2.  Silvered  dry  Kata-thermometers  or  the  hot  wire  anemometer. 

3.  Psychrometer,  wet-  and  dry-bulb,  whirling  or  ventilated. 

4.  Globe  thermometer   (Vernon)  or  the  dry  resultant  thermometer  (Missenard). 

Such  instruments  as  these,  when  properly  calibrated  and  their  readings 
are  compared,  can  be  used  for  determining  the  four  basic  physical  factors 
concerned  separately  or  in  certain  combinations.  The  results  of  the  four 
physical  measurements  thus  determined  can  generally  be  translated  into 
the  terms  of  any  special  instrument  combining  two  or  more  of  them. 

In  some  instances  it  may  be  important  to  record  not  only  the  movement 
and  temperature  of  the  air  at  various  levels,  but  also  the  temperature  of 
each  wall  and  window,  of  the  flooring,  and  of  the  ceiling,  and  to  measure 
the  total  effective  radiation  of  the  surroundings  in  6  directions;  in  order 
to  trace  the  exact  causes  of  defects  in  the  building  which  have  an  un- 
favorable influence  on  the  heat  exchanges  of  its  inhabitants.  Facts  of 
this  type  are  of  great  practical  importance. 

In  all  fundamental  studies  of  air  conditions  records  should  be  obtained, 
therefore,  showing: 

1.  True  air  temperature  (free  from  radiation  effects). 

2.  Air  movement. 

3.  Humidity. 

4.  Mean  radiant  temperature  of  surrounding  surfaces. 

In  interpreting  the  results  of  such  studies,  the  clothing  and  the  physical 
activity  of  the  subjects  are  of  primary  importance. 

"Housing  Commission  of  the  League  of  Nations,  adopted  at  Geneva,  June  25,  1937. 
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Chapter  3 

HEAT  TRANSMISSION   COEFFICIENTS 
AND  TABLES 

Methods  of  Heat  Transfer,  Coefficients,  Conductivity  of 
Homogeneous  Materials,  Surface  Conductance  Coefficients. 
Air  Space  Conductance,  Practical  Coefficients,  Table  of  Con- 
ductivities and  Conductances,  Tables  of  Over-all  Coefficients 
of  Heat  Transfer  for  Typical  Building  Construction,  Combined 
Coefficients  of  Transmission 

IN  order  to  maintain  comfortable  living  temperatures  within  a  building 
it  is  necessary  to  supply  heat  at  the  same  rate  that  it  is  lost  from  the 
building.  The  loss  of  heat  occurs  in  two  ways,  by  direct  transmission 
through  the  various  parts  of  the  structure  and^by  air  leakage  or  filtration 
between  the  inside  and  outside  of  the  building.  The  purpose  of  this 
chapter  is  to  show  methods  of  calculation  and  to  give  practical  trans- 
mission coefficients  which  may  be  applied  to  various  structures  to  deter- 
mine the  heat  loss  by  direct  transmission.  The  amount  lost  by  air 
filtration  is  determined  by  different  methods,  as  outlined  in  Chapter  4, 
and  must  be  added  to  that  lost  by  direct  transmission  to  obtain  the  total 
heating  plant  requirements. 

METHODS  OF  HEAT  TRANSFER 

Heat  transmission  between  the  air  on  the  two  sides  of  a  structure  takes 
place  by  three  methods,  namely,  radiation,  convection  and  conduction. 
In  a  simple  wall  built  up  of  two  layers  of  homogeneous  materials  separated 
to  give  an  air  space  between  them,  heat  will  be  received  from  the  high 
temperature  surface  by  radiation,  convection  and  conduction.  It  will 
then  be  conducted  through  the  homogeneous  interior  section  by  con- 
duction and  carried  across  to  the  opposite  surface  of  the  air  space  by 
radiation,  conduction  and  convection.  From  here  it  will  be  carried  by 
conduction  through  to  the  outer  surface  and  leave  the  outer  surface  by 
radiation,  convection  and  conduction.  The  process  of  heat  transfer 
through  a  built-up  wall  section  is  complicated  in  theory,  but  in  practice 
it  is  simplified  by  dividing  a  wall  into  its  component  parts  and  considering 
the  transmission  through  each  part  separately.  Thus  the  average  wall 
may  be  divided  into  external  surfaces,  homogeneous  materials  and  interior 
air  spaces.  Practical  heat  transmission  coefficients  may  be  derived  which 
will  give  the  total  heat  transferred  by  radiation,  conduction  and  convec- 
tion through  any  of  these  component  parts  and  if  the  selection  and  method 
of  applying  these  individual  coefficients  is  thoroughly  understood  it  is 
usually  a  comparatively  simple  matter  to  calculate  the  over-all  heat 
transmission  coefficient  for  any  combination  of  materials. 
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HEAT  TRANSFER  COEFFICIENTS 

The  symbols  representing  the  various  coefficients  of  heat  transmission 
and  their  definitions  are  as  follows  : 

U  =  thermal  transmittance  or  over-all  coefficient  of  heat  transmission;  the  amount  of 
heat  expressed  in  Btu  transmitted  in  one  hour  per  square  foot  of  the  wall,  floor,  roof  or 
ceiling  for  a  difference  in  temperature  of  1  F  between  the  air  on  the  inside  and  that  on 
the  outside  of  the  wall,  floor,  roof  or  ceiling. 

k  =  thermal  conductivity;  the  amount  of  heat  expressed  in  Btu  transmitted  in  one 
hour  through  1  sq  ft  of  a  homogeneous  material  1  in.  thick  for  a  difference  in  temperature 
of  1  F  between  the  two  surfaces  of  the  material.  The  conductivity  of  any  material 
depends  on  the  structure  of  the  material  and  its  density.  Heavy  or  dense  materials,  the 
weight  of  which  per  cubic  foot  is  high,  usually  transmit  more  heat  than  light  or  less  dense 
materials,  the  weight  of  which  per  cubic  foot  is  low. 

C  —  thermal  conductance;  the  amount  of  heat  expressed  in  Btu  transmitted  in  one 
hour  through  1  sq  ft  of  a  non-homogeneous  material  for  the  thickness  or  type  under 
consideration  for  a  difference  in  temperature  of  1  F  between  the  two  surfaces  of  the 
material.  Conductance  is  usually  used  to  designate  the  heat  transmitted  through  such 
heterogeneous  materials  as  plasterboard  and  hollow  clay  tile. 

/  =  film  or  surface  conductance;  the  amount  of  heat  expressed  in  Btu  transmitted  by 
radiation,  conduction  and  convection  from  a  surface  to  the  air  surrounding  it,  or  vice 
versa,  in  one  hour  per  square  foot  of  the  surface  for  a  difference  in  temperature  of  1  F 
between  the  surface  and  the  surrounding  air.  To  differentiate  between  inside  and  outside 
wall  (or  floor,  roof  or  ceiling)  surfaces,  fi  is  used'  to  designate  the  inside  film  or  surface 
conductance  and  /0  the  outside  film  or  surface  conductance. 

a  =  thermal  conductance  of  an  air  space;  the  amount  of  heat  expressed  in  Btu  trans- 
mitted by  radiation,  conduction  and  convection  in  one  hour  through  an  area  of  1  sq  ft  of 
an  air  space  for  a  temperature  difference  of  1  F.  The  conductance  of  an  air  space  depends 
on  the  mean  absolute  temperature,  the  width,  the  position  and  the  character  of  the 
materials  enclosing  it. 

R  =  resistance  or  resistivity  which  is  the  reciprocal  of  transmission,  conductance, 
or  conductivity,  i.e.: 

-==-  =  over-all  or  air-to-air  resistance. 

-T-  =  internal  resistivity. 

-pr  —  internal  resistance. 

-T-  =  film  or  surface  resistance. 

-  =  air  space  resistance. 

As  an  example  in  the  application  of  these  coefficients  assume  a  wall 
with  over-all  coefficient  U.  Then, 


-tQ)  (1) 

where 

H  =  Btu  per  hour  transmitted  through  the  material  of  the  wall,  glass,  roof  or 
floor. 

A  =  area  in  square  feet  of  wall,  glass,  roof,  floor,  or  material,  taken  from  building 
plans  or  actually  measured.  (Use  the  net  inside  or  heated  surface  dimensions 
in  all  cases.) 

*  ~  *o  =  temperature  difference  between  inside  and  outside  air,  in  which  t  must  always 
be  taken  at  the  proper  level.  Note  that  t  may  not  be  the  breathing-line 
temperature  in  all  cases. 
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If  the  heat  transfer  between  the  air  and  the  inside  surface  of  the  wall 
is  being  considered,  then, 

H  =  Afi(t~  ti)  (2) 

where 

fi  =  inside  surface  conductance. 

t  and  ti  —  the  temperatures  of  the  inside  air  and  the  inside  surface  of  the  wall  re- 
spectively. 

In  practice  it  is  usually  the  over-all  heat  transmission  coefficient  that  is 
required.  This  may  be  determined  by  a  test  of  the  complete  wall,  or 
it  may  be  obtained  from  the  individual  coefficients  by  calculation.  The 
simplest  method  of  combining  the  coefficients  for  the  individual  parts  of 
the  wall  is  to  use  the  reciprocals  of  the  coefficients  and  treat  them  as 
resistance  units.  The  total  over-all  resistance  of  a  wall  is  equal  numeri- 
cally to  the  sum  of  the  resistances  of  the  various  parts,  and  the  reciprocal 
of  the  over-all  resistance  is  likewise  the  over-all  heat  transmission  coef- 
ficient of  the  wall.  For  a  wall  built  up  of  a  single  homogeneous  material 
of  conductivity  k  and  x  inches  thick  the  over-all  resistance, 


If  the  coefficients/i,  /0  and  fe,  together  with  the  thickness  of  the  material 
x  are  known,  the  over-all  coefficient  U  may  be  readily  calculated  as  the 
reciprocal  of  the  total  heat  resistance. 

For  a  compound  wall  built  up  of  three  homogeneous  materials  having 
conductivities  jfei,  kz  and  £3  and  thicknesses  #i,  xz  and  x$  respectively,  and 
laid  together  without  air  spaces,  the  total  resistance, 

^-^  +  ^  +  T-+T-  +  -T-  (4) 

U  Ji  &i  k3  ka          Jo 

For  a  wall  with  air  space  construction  consisting  of  two,  homogeneous 
materials  of  thicknesses  x^  and  #2,  and  conductivities  ki  and  &2,  respectively, 
separated  to  form  an  air  space  of  conductance  a,  the  over-all  resistance, 

^  =  T  +  l+^  +  t  +  i-  (6) 

Likewise  any  combination  of  homogeneous  materials  and  air  spaces  can 
be  put  into  the  wall  and  the  over-all  resistance  of  the  combination  may  be 
calculated  by  adding  the  resistances  of  the  individual  sections  of  the  wall. 
In  certain  special  forms  of  construction  such  as  tile  with  irregular  air 
spaces  it  is  necessary  to  consider  the  conductance  C  of  the  unit  as  built 
instead  of  the  unit  conductivity  k,  and  the  resistance  of  the  section  is 

equal  to  -pr.     The  method  of  calculating  the  over-all  heat  transmission 

Cx 

coefficient  for  a  given  wall  is  comparatively  simple,  but  the  selection  of 
the  proper  coefficients  is  often  complicated.  In  some  cases  the  construc- 
tion of  the  wall  is  such  that  the  substituting  of  coefficients  in  the  accepted 
formula  will  give  erroneous  results.  This  is  the  case  with  irregular  cored 
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out  air  spaces  in  concrete  and  tile  blocks,  and  walls  in  which  there  are 
parallel  paths  for  heat  flow  through  materials  having  different  heat 
resistances.  In  such  cases  it  is  necessary  to  resort  to  test  methods  to 
check  the  calculations,  and  in  practically  all  cases  it  has  been  necessary 
to  determine  fundamental  coefficients  by  test  methods. 

Conductivity  of  Homogeneous  Materials 

The  thermal  conductivity  of  homogeneous  materials  is  affected  by 
several  factors.  Among  these  are  the  density  of  the  material,  the  amount 
of  moisture  present,  the  mean  temperature  at  which  the  coefficient  is 
determined,  and  for  fiberous  materials  the  arrangement  of  fiber  in  the 
material.  There  are  many  fiberous  materials  used  in  building  construc- 
tion and  considered  as  homogeneous  for  the  purpose  of  calculation, 
whereas  they  are  not  really  homogeneous  but  are  merely  considered  so  as  a 
matter  of  convenience.  In  general,  the  thermal  conductivity  of  a  material 
increases  directly  with  the  density  of  the  material,  increases  with  the 
amount  of  moisture  present,  and  increases  with  the  mean  temperature  at 
which  the  coefficient  is  determined.  The  rate  of  increase  for  these  various 
factors  is  not  the  same  for  all  materials,  and  in  assigning  proper  coef- 
ficients one  should  make  certain  that  they  apply  for  the  conditions  under 
which  the  material  is  to  be  used  in  a  wall.  Failure  to  do  this  may  result 
in  serious  errors  in  the  final  coefficients. 

Surface  Conductance  Coefficients 

Heat  is  transmitted  to  or  from  the  surface  of  a  wall  by  a  combination 
of  radiation,  convection  and  conduction.  The  coefficient  will  be  affected 
by  any  factor  which  has  an  influence  on  any  one  of  these  three  methods  of 
transfer.  The  amount  of  heat  by  radiation  is  controlled  by  the  character 
of  the  surface  and  the  temperature  difference  between  it  and  the  sur- 
rounding objects.  The  amount  of  heat  by  conduction  and  convection  is 
controlled  largely  by  the  roughness  of  the  surface,  by  the  air  movement 
over  the  surface  and  by  the  temperature  difference  between  the  air  and 
the^surface.  ^Because  of  these  variables  the  surface  coefficients  may  be 
subject  to  wide  fluctuations  for  different  materials  and  different  con- 
ditions. The  inside  and  outside  coefficients  ft  and/0  are  in  general  affected 
to^  the  same  extent  by  these  various  factors  and  test  coefficients  deter- 
mined for  inside  surfaces  will  apply  equally  well  to  outside  surfaces  under 
like  conditions.  Values  for  ft  in  still  and  moving  air  at  different  mean 
temperatures  have  been  determined  for  various  building  materials1. 

The  relation  obtained  between  surface  conductances  for  different 
materials  at  mean  temperatures  of  20  F  is  shown  in  Fig.  1.  These  values 
were  obtained  with  air  flow  parallel  to  the  surface  and  from  other  tests  in 
which  the  angle  of  incidence  between  the  direction  of  air  flow  and  the 
surface  was  varied  from  zero  to  90  F  it  would  appear  that  these  values 
might  be  lowered  approximately  15  per  cent  for  average  conditions 
While  for  average  building  materials  there  is  a  difference  due  to  mean 
temperature,  the  greatest  variation  in  these  coefficients  is  caused  by  the 
character  of  the  surface  and  the  wind  velocity.  If  other  surfaces,  such  as 
aluminum  foil  with  low  emissivity  coefficients  were  substituted,  a  large 
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part  of  the  radiant  heat  would  be  eliminated.  This  would  reduce  the 
total  coefficient  for  all  wind  velocities  by  about  0.7  Btu  and  would  make 
but  very  little  difference  for  the  higher  wind  velocities.  In  many  cases  in 
building  construction  the  heat  resistance  of  the  internal  parts  of  the  wall 
is  high  as  compared  with  the  surface  resistance  and  the  surface  factors 
become  of  small  importance.  In  other  cases  such  as  single  glass  windows 
the  surface  resistances  constitute  practically  the  entire  resistance  of  the 
structure,  _  and  therefore  become  important  factors.  Due  to  the  wide 
variation  in  surface  coefficients  for  different  conditions  their  selection  for 
a  practical  building  becomes  a  matter  of  judgment.  In  calculating  the 


15  20  25 

AIR  VELOCITY,  M.  P.  H. 

FIG.  1.    CURVES  SHOWING  RELATION  BETWEEN  SURFACE  CONDUCTANCES  FOR 
DIFFERENT  SURFACES  AT  20  F  MEAN  TEMPERATURE 

over-all  coefficients  for  the  walls  of  Tables  3  to  12,  1.65  has  been  selected 
as  an  average  inside  coefficient  and  6.0  as  an  average  outside  coefficient 
for  a  15-mile  wind  velocity .^  In  special  cases  where  surface  coefficients 
become  important  factors  in  the  over-all  rate  of  heat  transfer  more 
selective  coefficients  may  be  required. 

The  surface  conductance  values  given  in  Table  1 ,  Section  A  are  based 
on  recent  tests  and  are  for  still  air  conditions  and  emissivities  of  0.83  and 
0.05,  respectively. 

Air  Space  Conductance 

Heat  is  conducted  across  an  air  space  by  a  combination  of  radiation, 
conduction  and  convection.  The  amount  of  heat  by  radiation  is  governed 
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TABLE  1.    CONDUCTANCES  (C)  FOR  SURFACES  AND  AIR  SPACES 

All  conductance  values  expressed  in  Btu  per  hour  per  square  foot  per  degree 

Fahrenheit  temperature  difference. 
Section  A.    Surface  Conductances  for  Still  Air1* 


POSITION 
OF  SURFACE 

DIRECTION 
OF  HEAT  FLOW 

SURFACE  EMISSIVITY 

e  =  0.83 

e  =  0.05 

Horizontal  

Horizontal 

Upward 
Downward 

1.95 
1.21 
1.52 

1.16 
0.44 
0.74 

Vertical  

Section  B.    Conductance  of  Vertical  Spaces  at  Various  Mean  Tempera  turesb 

MEAN 

CONDUCTANCES  OF  AIR  SPACES  FOR  VARIOUS  WIDTHS  IN  INCHES 

TEMP 
DEC  FAHR 

0.128 

0.250 

0.364 

0.493 

0.713 

1.00  / 

1.500 

20 

2.300 

1.370 

1.180 

1.100 

1.0,40 

1.030 

1.022 

30 

2.385 

1.425 

1.234 

1.148 

1.080 

1.070 

1.065 

40 

2.470 

1.480 

1.288 

1.193 

1.125 

1.112 

1.105 

50 

2.560 

1.535 

1.340 

1.242 

1.168 

1.152 

1.149 

60 

2.650 

1.590 

1.390 

1.295 

1.210 

1.195 

1.188 

70 

2.730 

1.648     ' 

1.440 

1.340 

1.250 

1.240 

1.228 

80 

2.819 

1.702 

1.492 

1.390 

1.295 

1.280 

1.270 

90 

2.908 

,  1.757 

1.547 

1.433 

1.340     " 

1.320 

1.310 

100 

2.990 

1.813 

1.600 

1.486 

1.380 

3.362 

1.350 

110 

3.078 

1.870 

1.650 

1.534 

1,425 

1.402 

1.392 

120 

3.167 

1.928 

1.700 

1.580 

1.467 

1.445 

1.435 

130 

3.250 

1.980 

1.750 

1.630 

1.510 

1.485 

1.475 

140 

3.340 

2.035 

1.800 

1.680 

1.550 

1.530 

1.519 

150 

3.425 

2.090 

1.852 

1.728 

1.592 

1.569 

1.559 

Section  C.    Conductances  and  Resistances  of  Air  Spaces 
Faced  with  Reflective  Insulationo 


TEMP* 

RESISTANCE* 

DlFF 

CONDUCTANCE« 

LOCATION  AND 

DIRECTION 

DEG  FAHR 

(C) 

\C~) 

POSITION  OF 
AIR  SPACE 

OF 

HEAT 
FLOW 

No.  of  Air  Spaces 

No.  of  Air  Spaces 

Winter 

Summer 

1 

2 

3 

1 

2 

3 

Rafter  Space 

(8  in.) 
Horizontal 

Down 

45 

0.10 

0.07 

10.00 

14.29 

Horizontal 

Up 

45 

0.27 

0.17 

3.70 

5.88 

Horizontal 

Down 

25 

0.09 

0.06 

11.11 

16.67 

Horizontal 

Up 

25 

0,24 

0.16 

4.17 

6.25 

30  deg  slope 

Down 

45 

0.15 

0.10 

6.67 

10,00 

30  deg  slope 

Up 

45 

0.25 

0.17 

4.00 

5.88 

30  deg  slope 

Down 

25 

0.13 

0.09 

7.69 

11.11 

30  deg  slope 

Up 

25 

0.23 

0.14 

4.35 

7,14 

Stud  Space 

(3^  in.) 
Vertical/ 

30 

0.34 

2.94 

Vertical 

40 

0.23 

0.13 

4.35 

7.69 

Vertical/ 

15 

0.32 

3.13 

Vertical 

20 

0.18 

0.11 

5.56 

9.09 

Vertical* 

30 

0.46 

2.17 

^Radiation  and  Convection  from  Surfaces  in  Various  Positions,  by  G.  B.  Wilkes  and  C.  M.  F.  Peterson 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  44,  1938,  p.  513). 

bA.S.H.V.E.  Research  Report  No.  825— Thermal  Resistance  of  Air  Spaces,  by  F.  B.  Rowley  and  A.  B. 
Algren  (A.S.H.V.E.  TRANSACTIONS,  Vol.  35,  1939,  p.  165). 

cThermal  Test  Coefficients  of  Aluminum  Insulation  for  Buildings,  by  G.  B.  Wilkes,  F.  G.  Hechler  and 
E.  R.  Queer  (A.S.H.V.E.  JOURNAL  SECTION,  Heating,  Piping  and  Air  Conditioning,  January,  1940,  p.  68). 

dTemperature  difference  is  based  on  total  space  between  plaster  base  and  sheathing,  flooring  or  roofing. 

"These  air  space  conductance  and  resistance  values  are  based  on  one  reflective  surface  (aluminum) 
having  an  emissivity  of  0.05  facing  each  space  and  are  based  on  total  space  between  plaster  base  and  sheath- 
ing, flooring  or  roofing.  The  rafter  and  stud  spaces  are  divided  into  equal  spaces, 

/Stud  space  is  lined  on  plaster  base  side  with  loose  paper  with  aluminum  on  surface  facing  air  space. 
The  resistance  of  the  small  air  space  between  the  plaster  base  and  paper  was  0.43. 

"Radiation  and  Convection  Across  Air  Spaces  in  Frame  Construction,  by  G.  B.  Wilkes  and  C.  M.  F. 
Peterson  (A.S.H.V.E.  TRANSACTIONS,  Vol.  43,  1937,  p,  351). 
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largely  by  the  nature  of  the  surface  and  the  temperature  difference 
between  the  boundary  surfaces  of  the  air  space.  Conduction  and  con- 
vection are  controlled  largely  by  the  width  and  shape  of  the  air  space  and 
the  roughness  of  the  boundary  surfaces. 

The  conductances  of  vertical  air  spaces  bounded  by  such  materials  as 
paper,  wood,  plaster,  etc.,  are  given  in  Table  1,  Section  B,  having  emis- 
sivity  coefficients  of  0.8  or  higher,  and  with  extended  parallel  surfaces 
perpendicular  to  the  direction  of  heat  flow.  A  conductance  of  1.10  Btu 
per  hour  per  square  foot  per  degree  Fahrenheit  temperature  difference 
(resistance  =  0.91)  based  on  this  table  was  used  for  calculating  the 
overall  coefficients  given  in  Tables  3  to  12  inclusive  for  air  spaces  %  in- 
or  more  in  width.  Air  space  tests2  reported  by  Wilkes  and  Peterson 
resulted  in  comparable  values.  For  3^3  in.  horizontal  air  spaces  having 
an  effective  emissivity  of  0.83,  the  conductance  for  heat  flow  upward  was 
1.32  and  for  heat  flow  downward,  0.94.  The  conductance  for  a  similar 
vertical  air  space  was  1.17,  the  resistances  of  course  being  the  reciprocals 
of  these  values  in  each  case. 

A  large  part  of  the  heat  transferred  across  air  spaces  bounded  by  ordi- 
nary materials  is  by  radiation.  Therefore,  if  such  air  spaces  are  faced 
with  metallic  surfaces  such  as  aluminum  foil,  coated  sheet  steel  or  other 
low-emissivity,  infra-red  reflective  metal  surfaces,  the  radiant  heat  trans- 
fer will  be  substantially  reduced,  thus  causing  the  major  portion  of  the 
remaining  transmitted  heat  to  be  by  convection.  Table  1,  Section  C, 
gives  conductances  and  resistances  for  air  spaces  bounded  by  one  reflec- 
tive surface  having  an  emissivity  of  0.05.  It  will  be  noted  that  the  con- 
ductance values  given  in  this  table  are  a  function  of  the  temperature 
differences  across  the  space  rather  than  mean  temperature,  the  larger 
the  temperature  difference,  the  larger  the  conductance.  The  radiant  heat 
transfer  is  the  same  regardless  of  whether  the  low  emissivity  surface  is  on 
the  high  or  low  temperature  surface  of  the  space,  and  is  independent  of 
the  width  of  the  space.  To  minimize  the  convection  transfer  the  vertical 
air  space  should  be  at  least  %  in.  in  width.  A  conductance  of  0.46  was 
used  for  computing  the  overall  coefficients  in  Tables  3  to  12  inclusive  for 
air  spaces  bounded  by  aluminum  foil  applied  to  plasterboard. 

When  referring  to  reflective  heat-insulating  surfaces,  the  term  brightness 
which  deals  with  visible  light  has  no  specific  meaning  and  should  be 
avoided3.  Emissivity  and  reflectivity  definitely  define  the  radiating  and 
reflecting  properties  and  values  may  be  determined  directly  for  long  wave- 
length radiation  corresponding  to  room  temperature.  As  previously 
stated,  the  values  in  Table  1,  Section  C,  are  based  on  an  emissivity  of  the 
reflective  surface  of  0.05.  Obviously  for  higher  emissivity  values  the 
conductances  will  increase  accordingly.  For  example,  non-metallic  reflec- 
tive materials  are  available  having  emissivity  values  approximately 
midway  between  those  of  metallic  reflective  insulations  and  ordinary 
building  material  surfaces.  These  materials  will  have  a  correspondingly 
higher  radiant  heat  transfer  and  where  such  materials  are  under  con- 
sideration, due  allowance  should  be  made  for  the  higher  emissivity  value 
in  arriving  at  the  proper  air  space  conductance. 

aRadiation  and  Convection  Across  Air  Spaces  in  Frame  Construction,  by  G.  B.  Wilkes  and  C.  M.  F. 
Peterson  (A.S.H.V.E.  TRANSACTIONS,  Vol.  43,  1937,  p.  351). 

8Some  Reflection  and  Radiation  Characteristics  of  Aluminum,  by  C.  S.  Taylor  and  J.  D.  Edwards 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  45,  1939,  p.  179). 
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Where  reflective  insulating  materials  are  involved  the  possible  increase 
in  the  emissivity  coefficient  due  to  surface  coatings  or  chemical  action4 
should  be  studied  by  the  engineer  in  order  to  satisfy  himself  as  to  the 
permanence  of  the  reflective  surface  for  the  conditions  under  which  this 
material  will  be  used.  In  making  installations  of  this  material  the  par- 
titions between  air  spaces  should  be  tight,  particularly  at  the  top  and 
bottom  so  that  air  cannot  circulate  between  adjacent  spaces. 

When  reflective  insulating  materials  are  installed  with  multiple  air 
spaces,  the  position  (vertical,  horizontal  or  inclined)  of  the  material  in  the 
structure  must  be  taken  into  consideration.  For  example,  the  resistance 
to  heat  flow  upward  is  about  one-third  that  of  downward  flow  in  a  hori- 
zontal position  in  the  same  construction,  as  will  be  apparent  from  Table 
1,  Section  C.  However,  the  difference  between  upward  heat  flow  through 
single  horizontal  or  sloping  air  spaces  and  through  single  vertical  air 
spaces  is  comparatively  small  for  the  same  temperature  difference.  Con- 
sequently the  same  conductance  value  (0.46)  was  used  for  computing  the 
coefficients  in  Tables  8  and  12,  involving  horizontal  and  sloping  air 
spaces  bounded  on  one  side  by  aluminum  foil  applied  to  plasterboard,  as 
for  similar  vertical  air  spaces  in  Tables  3,  4,  5  and  6. 

As  already  stated,  a  conductance  value  of  1.10  was  similarly  used  in  all 
cases  for  calculating  the  coefficients  of  construction  involving  vertical, 
horizontal  and  sloping  air  spaces  bounded  on  both  sides  by  ordinary 
building  materials. 

PRACTICAL  COEFFICIENTS 

For  practical  purposes  it  is  necessary  to  have  average  coefficients  that 
may  be  applied  to  various  materials  and  types  of  construction  without 
the  necessity  of  making  tests  on  the  individual  material  or  combination  of 
materials.  In  Table  2  coefficients  are  given  for  a  group  of  materials  which 
have  been  selected  from  various  sources.  Wherever  possible  the  proper- 
ties of  material  and  conditions  of  tests  are  given.  However,  in  selecting 
and  applying  these  values  to  any  construction  a  reasonable  amount  of 
caution  is  necessary;  variations  will  be  found  in  the  coefficients  for  the 
same  materials,  which  may  be  partly  due'to  different  test  methods  used, 
but  which  are  largely  due  to  variations  in  materials.  The  recommended 
coefficients  which  have  been  used  for  the  calculation  of  over-all  coefficients 
as  given  in  Tables  3  to  12  are  marked  by  an  asterisk. 

It  should  be  recognized  in  these  tables  of  calculated  coefficients  that 
space  limitations  will  not  permit  the  inclusion  of  all  the  combinations  of 
materials^that  are  used  in  building  construction  and  the  varied  applications 
of  insulating  materials  to  these  constructions.  Typical  examples  are  given 
of  combinations  frequently  used,  but  any  special  construction  not  given  in 
Tables  3  to  12  can  generally  be  computed  by  using  the  conductivity  values 
given  in  Table  2  and  the  fundamental  heat  transfer  formulae.  For 
example,  the  tabulation  of  all  of  the  values  for  multiple  layers  of  insulating 
materials  would  present  extensive  and  detailed  problems  of  calculations 
for  the  varied  application  combinations,  but  the  engineer  having  the 
fundamental  conductivity  values  can  quickly  obtain  the  proper  coefficients. 

^Thermal  Test  Coefficients  of  Aluminum  Insulation  for  Buildings,  by  G.  B.  Wilkes,  F.  C.  Hechler  and 
E.  R.  Queer  (A.S.H.V.E.  JOURNAL  SECTION,  Heating,  Piping  and  Air  Conditioning,  January,  1940?  p  68) 
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Attention  is  called  to  the  fact  that  the  conductivity  values  per  inch  of 
thickness  do  not  afford  a  true  basis  for  comparison  between  insulating 
materials  as  applied,  although  they  are  frequently  used  for  that  purpose. 
The  value  of  an  insulating  material  is  measured  in  terms  of  the  coe- 
fficient (C/i)  of  the  insulated  construction  as  compared  to  the  coefficient 
(17)  of  the  construction  without  insulation.  Certain  types  of  blanket 
installations  are  designed  to  be  installed  between  the  studs  of  a  frame 
building  in  such  manner  as  to  give  two  air  spaces.  In  order  to  get  the  full 
value  of  such  materials  they  should  be  so  installed  that  each  air  space  is 
approximately  1  in.  or  more  in  thickness  and  the  air  spaces  should  be 
sealed  at  the  top  and  bottom  to  prevent  the  circulation  of  air  from  one 
space  to  the  other.  Another  common  error  in  installing  such  a  material 
is  to  nail  the  blanket  on  the  outside  of  the  studs  underneath  the  sheathing, 
in  which  case  one  air  space  is  lost  and  also  the  thickness  of  the  insulating 
material  is  materially  reduced  at  the  studs.  There  are  certain  other  types 
of  insulation  which  are  very  porous,  allowing  air  circulation  within  the 
material  if  not  properly  installed.  The  architect  or  engineer  must  care- 
fully evaluate  the  economic  considerations  involved  in  the  selection  of  an 
insulating  material  as  adapted  to  various  building  construction's.  Lack  of 
good  judgment  in  the  intelligent  choice  of  an  insulating  material,  or  its 
improper  installation,  frequently  represents  the  difference  between  good 
or  unsatisfactory  results. 

Computed  Transmission  Coefficients 

Computed  heat  transmission  coefficients  of  many  common  types  of 
building  construction  are  given  in  Tables  3  to  13,  inclusive,  each  con- 
struction being  identified  by  a  serial  number.  For  example,  the  coefficient 
of  transmission  (If)  of  an  8-in.  brick  wall  and  %  in.  of  plaster  is  0.46,  and 
the  number  assigned  to  a  wall  of  this  construction  is  1-B,  Table  3. 

Example  L  Calculate  the  coefficient  of  transmission  (U)  of  an  8-in.  brick  wall  with 
H  in.  of  plaster  applied  directly  to  the  interior  surface,  based  on  an  outside  wind  exposure 
of  15  mph.  It  is  assumed  that  the  outside  course  is  of  hard  (high  density)  brick  having  a 
conductivity  of  9.20,  and  that  the  inside  course  is  of  common  (low  density)  brick  having 
a  conductivity  of  5.0,  the  thicknesses  each  being  4  in.  The  conductivity  of  the  plaster  is 
assumed  to  be  3.3,  and  the  inside  and  outside  surface  coefficients  are  assumed  to  average 
1.65  and  6.00,  respectively,  for  still  air  and  a  15  mph  wind  velocity. 

Solution,  k  (hard  high  density  brick)  =  9.20;  x  =  4.0  in.;  k  (common  low  density 
brick)  =  5.0;  x  -  4.0  in.;  k  (plaster)  =  3.3;  x  =  Y2  in.;/i  =  1.65;/0  =  6.0.  Therefore, 


U 


M+M+.  i 

K  r\      *     o  o    ~ 


6.0    '    9.20  ^  5.0  ^  3.3  ^  1.65 

1 

0.167  -f-  0.435  +  0.80  +  0.152  +  0.606 

=  0.46  Btu  per  hour  per  square  foot  per  degree  Fahrenheit  difference  in  tempera- 
ture between  the  air  on  the  two  sides. 

The  coefficients  in  the  tables  were  determined  by  calculations  similar 
to  those  shown  in  Example  1,  using  Fundamental  Formulae  3,  4  and  5 
and  the  values  of  k  (or  C),/i,/0  and  a  indicated  in  Table  2  by  asterisks. 
In  computing  heat  transmission  coefficients  of  floors  laid  directly  on  the 
ground  (Table  10),  only  one  surface  coefficient  (/O  is  used.  For  example, 
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the  value  of  U  for  a  1-in.  yellow  pine  floor  (actual  thickness,  25/32  in.) 
placed  directly  on  6-in.  concrete  on  the  ground,  is  determined  as  follows : 

U  «  =  0.48  Btu  per  hour  per  square  foot  per  degree  difference 

_J_       0781        _6.0_ 

1.65  +  0.80    +   12.0 
in  temperature  between  the  ground  and  the  air  immediately  above  the  floor. 

Rigid  insulation  refers  to  so-called  insulating  board  which  may  be  used 
structurally,  such  as  for  sheathing.  Flexible  insulation  refers  to  the 
blankets,  quilts  or  semi-rigid  types  of  insulation. 

Actual  thicknesses  of  lumber  are  used  in  the  computations  rather  than 
nominal  thicknesses.  The  computations  for  wood  shingle  roofs  applied 
over  wood  stripping  are  based  on  1  by  4  in.  wood  strips,  spaced  2  in.  apart. 
Since  no  reliable  figures  are  available  concerning  the  conductivity  of 
Spanish  and  French  clay  roofing  tile,  of  which  there  are  many  varieties, 
the  figures  for  such  types  of  roofs  were  taken  the  same  as  for  slate  roofs,  as 
it  is  probable  that  the  values  of  U  for  these  two  types  of  roofs  will 
compare  favorably. 

The  thicknesses  upon  which  the  coefficients  in  Tables  3  to  13  inclusive, 
are  based  are  as  follows: 

Brick  veneer 4      in. 

Plaster  and  metal  lath 

Plaster  (on  wood  lath,   plasterboard,  rigid  insulation,   board 

form,  or  corkboard) 

Slate  (roofing) 

Stucco  on  wire  mesh  reinforcing 1 

Tar  and  gravel  or  slag-surfaced  built-up  roofing 

l-in.B  lumber  (S  2-S) 

IJ^-in.  lumber  (S-2-S) 

2-in.  lumber  (S-2-S)  1 

2^-in.  lumber  (S-2-S) "L  2 

3-in.  lumber  (S-2-S) 2 

4-in.  lumber  (S-2-S) 

Finish  flooring  (maple  or  oak) 

Solid  brick  walls  are  based  on  4  in.  hard  brick  (high  density)  and  the 
remainder  common  brick  (low  density).  Stucco  is  assumed  to  be  1  in. 
thick  on  masonry  walls.  Where  metal  lath  and  plaster  are  specified,  the 
metal  lath  is  neglected. 

The  coefficients  of  transmission  of  the  pitched  roofs  in  Table  12  apply 
where  the  roof  is  over  a  heated  attic  or  top  floor  so  the  heat  passes  directly 
through  the  roof  structure  including  whatever  finish  is  applied  to  the 
underside  of  the  roof  rafters. 

It  is  the  practice  of  many  engineers  in  calculating  heat  losses  to  allow 
for^possible  defects  in  workmanship,  poor  construction  and  other  factors 
which  would  diminish  the  efficiency  of  the  insulation.  The  lower  the 
theoretical  wall  or  roof  coefficient  the  greater  will  be  the  percentage  of 
error  due  to  construction  defects. 

Combined  Coefficients  of  Transmission 

If  the  attic  is  unheated,  the  roof  structure  and  ceiling  of  the  top  floor 
must  both  be  taken  into  consideration,  and  the  combined  coefficient  of 
transmission  determined.  The  formula  for  calculating  the  combined 
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TABLE  2. 


CONDUCTIVITIES  (k)  AND  CONDUCTANCES  (C)  OF  BUILDING 
MATERIALS  AND  lNSULATORSa 


The  coefficients  are  expressed  in  Btu  per  hour  per  square  foot  per  degree  Fahrenheit  per  1  in.  thickness 
unless  otherwise  indicated. 


Material 

Description 

£ 
>•« 

II 

MEAN  TEMP 
(DEQ  FAHR) 

CONDUCTIVITY  (k) 

OR 

CONDUCTANCE  (C) 

H*  HO 

|        § 

5    S 

< 

MASONRY  MATERIALS 
BRICK 

Low  density 

5.00* 

0.20 

High  density  _...        „                      

9.20* 

0.11 

Adobe 

3.56* 

0  28 

BRICKWORK  

CEMENT  MORTAR 

Damp  or  wet  _  

Typical 





5.00* 
12.00* 

0.20 
0.08 

(2) 

CONCRETE 

Typical  

12.00* 

0.08 

Various  ages  and  iniyfisd._  ,  ,- 

11.35*0 

Cellular       „..          .                      

40  0 

75 

16.36 
1.06 

0.94 

(5) 
0) 

Cellular 

50.0 

75 

1.44 

0.69 

(S) 

Cellular                              ...       - 

60.0 

75 

1.80 

0.56 

M 

Cellular  „  

70.0 

75 

2.18 

0.46 

ffl 

Typical  fiber  gypsum,  87.5%  gypsum  and 
12.5%  wood  chips...   

SI.  2 

74 

1.66* 

0.60 

w 

Special  concrete  made  with  an  aggregate  of 
hardened  clay  —  1-2-3  mix    _ 

101.0 

70 

3.98 

0.25 

3) 

Sand  and  graveL       .  „  _  

142  0 

75 

12.6 

0.08 

4) 

Limestone      -                      ...        

132.0 

75 

10.  S 

0.09 

4) 

Cinder 

97  0 

75 

4.9 

0.22 

4) 

STONE 

Burned  clay  aggregate  _  
Blast  furnace  slag  aggregate  

Expanded  vermiculite  aggregate...  „ 
Expanded  vermiculite  aggregate  
Expanded  vermiculite  aggregate™  
Expanded  vermiculite  aggregate  —  _ 

Typical 

75.0 
76.0 
20 
26.7 
35 
50 

75 
70 
90 
90 
90 
90 

4.0 
1.6 
0.68 
0  76 
0  86 
1  10 
12.50* 

0.25 
0.63 

1  47 
1  32 
1.16 
0.91 
0.08 

4) 
3) 
3) 

1} 

(3) 

STUCCO  

Typical  „.  ^         ..  .  ._  

12.00* 

0.08 

TILE 

Typinal  hollow  clay    4  iri,)        ,                         r_ 

l.OOf* 

1.00 

Typical  hollow  clay  6  in.)'  
Typical  hollow  clay  8  in.)e  





0.64f* 

o.eot* 

1.57 
1.67 

._ 

Typical  hollow  nVy  10  in  )*                     , 

0.58f* 

1.72 

Typical  hollow  clay  12  in.)*  

0.40f* 

2.50 

Typical  hollow  clay  16  in  )• 

o.sit* 

3.23 

Hollow  clay  (2  in.)  H-in.  plaster  both  sides- 
Hollow  clay  (4  in.)  J^-in.  plaster  both  sides,. 
Hollow  clay  (6*  in.)  H-in.  plaster  both  sides.. 
Hollow  gypsum  (4  in.)  „„       

120.0 
127.0 
124.3 

110 
100 
105 

i.oot 

0.60t 
0.47f 
0.46f* 

1.00 
1.67 
2.13 
2.18 

(2) 
(2) 
(2) 

Solid  gypsum  ,r,  

51.8 

70 

1.66 

0.60 

(4) 

Solid  gypsiim.r  

75.6 

76 

2.96 

0.34 

(4) 

TILE  OB  TERRAZZO 

Typical  "flooring 

12.00* 

0.08 

AUTHORITIES: 

1U.  S.  Bureau  of  Standards,  tests  based  on  samples  submitted  by  manufacturers. 

2A.  C.  Willard,  L.  C.  Lichty,  and  L.  A.  Harding,  tests  conducted  at  the  University  of  Illinois. 

*J.  C.  Peebles,  tests  conducted  at  Armour  Institute  of  Technology,  based  on  samples  submitted  by 
manufacturers. 

4F.  B.  Rowley,  tests  conducted  at  the  University  of  Minnesota. 

'A.S.H.V.E.  Research  Laboratory. 

•E.  A.  Allcut,  tests  conducted  at  the  University  of  Toronto. 

'Lees  and  Charlton. 

*Recommended  conductivities  and  conductances  for  computing  heat  transmission  coefficients. 

|For  thickness  stated  or  used  on  construction,  not  per  1  in.  thickness. 

-For  additional  conductivity  data  see  A.S.R.E.  Data  Book. 

6  If  outside  surface  of  block  is  painted  with  an  impervious  coat  of  paint,  add  0.07  to  resistance  for  sand 
and  gravel  blocks.  Add  0.18  to  resistance  for  cinder  blocks.  Add  0.17  to  resistance  for  burned  clay  aggre- 
gate blocks. 

"Recommended  value.  See  Heating,  Ventilating  and  Air  Conditioning,  by  Harding  and  Willard,  revised 
edition,  1932. 

dSee  A.S-H.V.E.  RESEARCH  REPORT  No.  915 — Conductivity  of  Concrete,  by  F.  C.  Houghten  and  Carl 
Gutberlet  (A.S.H.V.E.  TRANSACTIONS,  Vol.  38,  1932,  p.  47). 

•The  6-in.,  S-in.,  and  10-in.  hollow  tile  figures  are  based  on  two  cells  in  the  direction  of  heat  flow.  The 
12-in.  hollow  tile  is  based  on  three  cells  in  the  direction  of  heat  flow.  The  16-in.  hollow  tile  consists  of  one 
10-in.  and  one  6-in.  tile,  each  having  two  cells  in  the  direction  of  heat  flow. 

/Not  compressed. 

'Roofing,  0.15-in.  thick  (1.34  Ib  per  sq  ft),  covered  with  gravel  (0.83  Ib  per  sq  ft),  combined  thickness 
assumed  0.25. 
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TABLE  2.    CONDUCTIVITIES  (k)  AND  CONDUCTANCES  (C)  OF  BUILDING 
MATERIALS  AND  INSULATORS*" — Continued 

The  coeficients  are  expressed  in  Btu  per  hour  per  square  foot  per  degree  Fahrenheit  per  1  in.  thickness 
unless  otherwise  indicated. 


Material 


Description 


Cement 


Fine 
Aggre- 
gate 
0-No.  4 


Coarse 
Aggre- 
gate 


Slump 


Per 
Cent 


11 


5?    G 


MASONRY  MATERIALS 
— Continued 

STEAM  TREATED  LIMESTONE  SLAG. 
PUMICE  MINED  IN  CALIF 


7.00 
8.00 


27.1 
26.5 


74.6 
65. 0 


74.49 
74.68 


2.27 
2.42 


BY-PRODUCT  OP  MANUFACTURE 
OP  PHOSPHATES 


8.00 
8.00 


Modulus 
3.75 


25.5 
21.1 


86.6 
91.1 


74.62 
74.43 


3.19 
3.42 


EXPANDED  BURNED  CLAY 

BURNED  CLAT  AGGREGATE 

BURNED  CLAY  AGGREGATE — 


8.00 
8.50 
8.50 


18.4 
21.8 
21.8 


57.9 
67.1 
67.1 


75.57 
75.89 
74.60 


2.28 
2.89 
2.82 


0.44 
0.41 


0.31 
0.29 


0.44 
0.35 
0.35 


(4) 

I 


(4) 


(4) 

4) 
4) 


8 « 6 1 16  3-oval  cere  concrete  blocks 


Sand  and  gravel  aggregate.,.. 

Sand_  and  gravel  aggregate  used  for  calcu- 
lations   

Cores  nUed"wi"th"T{4  Ib  density  cori 
Crushed  limestone  aggregate. 
Cinder  aggregate 


Cinder  aggregate  used  for  calculations 

Cores  filled  with  69.7  Ib  density  cinders 

Cores  filled  with  5,12  Ib  density  cork... 

Cores  filled  with  14.2  Ib  density  rock  wool..,. 

Burned  clay  aggregate .......... 

Cores  filled  with  5.06  Ib  density  cork.™. 
Expanded  blast  fun        '  -     " 

ine,  40%  course. 


126.4 


134.3 
86.2 


67.7 


40 


O.POf 

i.oo- 

0.56" 
0.86' 
0.58- 
0.60' 
0.39' 
0.25- 
0.27' 
0.50- 
0.21| 

0.49f 


1.11 

1.00 
1.79 
1.16 
1.73 
1.66 
2.56 
4.00 
3.70 
2.00 
4.76 

2.04 


»  12  « 16  3-ojal  core  concrete  blochi 


Sand  and  gravel  aggregate 
Sand  and  gravel  aggregate  used  for  calcu- 
lations 


Cinder  aggregate 

Cores  filled  with  5,24  Ib  density 

Burned  clay  aggregate  ...................................... 

Cores  filled  with  5  6  Ib  density  cork.  ____  !..".!"!. 


124.9 

Te'T 
._... 


40 


0.78f 

O.SOt* 
0.53f* 
0.24t* 
0.47f 
0.17t* 


1.28 


1.88 
4.16 
2.13 
5.88 


Cinder  aggregate . 

Double  wall  with  1  in.  air  space  between 

1  in.  space  filled  with  9.97  Ib  density  rock  wool 


100.0 
100.0 
100.0 


l.OOf 
0.36f 
0.20t 


1.00 
2.78 
5.00 


5  x  8  x  12  block  sand  and  gravel  aggregate 


133.7 


40 


0.38f 


2.63 


(4) 


5x8x12  block  sand  and  gravel  aggregate6. 


134.0 


40 


0.9Sf 


1.15 


(4) 


For  notes  see  page  79. 
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TABLE  2.    CONDUCTIVITIES  (k)  AND  CONDUCTANCES  (C)  OF  BUILDING 
MATERIALS  AND  INSULATORS3 — Continued 

The  coefficients  are  expressed  in  Btu  per  hour  per  square  foot  per  degree  Fahrenheit  per  1  in.  thickness 
unless  otherwise  indicated. 


Material 

Description 

DENSITY 
(LB  PER  Cu  FT) 

1! 
11 

CONDUCTIVITY  (fc) 

OR 

CONDUCTANCE  (C) 

cBtB 
TT 

<J 

INSULATION-BLANKET 
OR  FLEXIBLE  TYPES 

Typical.  .  .    ..                 .   .._ 

3.62 
4.60 
3.40 
4.90 

5.76 

7.70 
11.00 
1.00 
6.70 

12.1 
1.50 

4,2 
0.875 

70 
90 
90 
90 

71 

71 
75 
90 
75 

75 
70 

94 
72 

0.27* 

0.25 
0.26 
0.25 
0.28 

0.26 

0.28 
0.25 
0.24 
0.25 

0.40f 
0.27 

0.28 
0.24 

3.70 

4.00 
3.85 
4.00 
3.57 

3.85 

3.57 
4.00 
4.17 
4.00 

2.50 
3.70 

3.57 
4.17 

3 

1) 
(3) 
3) 

1) 
3) 

(4) 
(3) 

1 

8 
ij 

*3) 
1) 
3) 

3) 
3) 

(3) 
(1) 
(1) 
(3) 

(3) 

(3) 
3) 

8 
8 

3) 

I) 
1) 

8 
8 
& 

(1) 
1) 
1) 

Chemically  treated  wood  fibers  held  between 
layers  of  strong  paper/  „  .......  .  

Eel  grass  between  strong  paper/  

Flax  fibers  between  strong  paper/              _ 

Chemically  treated  hog  Hair  'between  kraft 
paper/.^             ,  _.  T™ 

Chemically  treated  hog  hair  between  kraft 
paper  and  asbestos  paper/ 

Hair  felt  between  layers  of  papar/.,^.,,,  
J^apok  between  bur'ap  or  paper/  

Jnta  fihpi-/ 

Ground  paper  between  two  layers,  each  54-in. 
thick  made  up  of  two  layers  of  kraft  paper 
(sample  J^-in.  thick).  ,.„         ,      

Stitche'd   and   creped   expanding  fibrous 

blanket, 

Paper  and  asbestos  fiber  with  emulsified 
asphalt  binder    —. 

Cotton  insulating  bat  

INSULATION-SEMI- 
RIGID  TYPE 

Felted  cattle  hair/  

13.00 
11.00 
7.80 
6.30 
6.10 
6.70 
10.00 
11.00 

90 
90 
90 
90 
90 
75 
90 
70 

0.26 
0.26 
0.28 
0.27 
0.26 
0.25 
0.37 
0.26 

3.84 
3.84 
3.57 
3.70 
3.85 
4.00 
2.70 
3.84 

Felted  hair  and  asbestos/-  - 

75%  hair  and  25%  jute/  „._..._    ..„ 

50%  hair  and  50%  jute/    .          

Jute/_                   «.  

Felted  jute  and  asbestos/  ._     _  

Compressed  peat  moss  .  

INSULATION-LOOSE 
FILL  OR  BAT  TYPE 

FlBBB  

Made  from  ceiba  fibers/  .  _     

1.90 
1.60 

1.50 
9.40 
3.00 
5.00 

1.50 

4.20 
6.32 
34.00 
26.00 
24.00 
19.80 
18.00 

TlO 
21.00 
13.00 
14.00 
10.00 
14.50 
14.50 
11.50 
12.00 
8.80 
13.20 

75 
75 

75 
103 
90 

75 

75 

72 
86 
90 
90 
75 
90 
75 

90 
90 
90 
90 
90 
77 
75 
72 
90 
90 
90 

0.23 
0.24 

0.27 
0.27 
0.31 
0.26 

0.27 

0.24 
0.29 
0.60 
0.52 
0.48* 
0.35 
0.34 
0.27* 
0.31 
0.30 
0.29 
0.28 
0.27* 
0.33 
0.38 
0.31 
0.41 
0.41 
0.36 

4.35 
4.17 

3.70 
3.70 
3.22 
3.84 

3.70 

4.17 
3.45 
1.67 
1.92 
2.08 
2.86 
2.94 
3.70 
3.22 
3.33 
3.45 
3.57 
3.70 
3.03 
2.63 
3.22 
2.44 
2.44 
2.78 

FIBER  

U            it               U                  U 

Fibrous  material  made  from  dolomite  and 
silica.  _    

GLASS  WOOL  
GRANULAR.,   

Fibrous  material  made  from  slag  _. 

Redwood  bark  
Redwood  bark  

Fibrous  material  25  to  30  microns  in  dia- 
meter, made  from  virgin  bottle  glass  
Made  from  combined  silicate  of  lime  and 

alnnima 

GYPSUM  

MINERAL  WOOL.  
REGRANULATED  CORK.  
ROCK  WOOL  

SAWDUST  „  _ 
SHAVINGS  

Expanded  vermiculite  —....  

Flaked  dry  and  fluffy/ 

u          a        tt          « 

U              U           U              U 

U              It           If              (t 

U                It             It                It 

AH  forma  typical  ~.       _.. 

About  /ifi-in.  particles  
Fibrous  material  made  from  rock  

u                a            u          u          u 

U                         U                  tt               U               It 

Rock  wool  with  a  binding  agent  
Rock  wool  with  flax,  straw  pulp,  and  binder 
Rock  wool  with  vegetable  fibers  
Various.  
Various  from  planer  

From  maple,  beech  and  birch  (coarse)  

For  notes  see  Page  79. 
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TABLE  2.    CONDUCTIVITIES  (k)  AND  CONDUCTANCES  (C)  OF  BUILDING 
MATERIALS  AND  INSULATORS*" — Continued 

The  coefficients  are  expressed  in  Btu  per  hour  per  square  foot  per  degree  Fahrenheit  per  1  in.  thickness 
unless  otherwise  indicated. 


Material 

Description 

DENSITT 
(Ls  PER  Co  FT) 

MEAN  TEMP 
(DEO  FAHH) 

CONDUCTIVITY  (fc) 

OR 

CONDUCTANCE  (C) 

H*  ^|o 

B  Y 

S    K    "^ 

•< 

1] 

1) 
1) 
1) 

3) 

8 

3) 
3) 

8 
8 

3) 
3) 
3) 

3 
I 

INSULATION-RIGID 
COUOOATID  

FIBER 

No  added  binder  

u        u            « 
u        u             u 

14.00 
10.60 
7.00 
5.40 
14.50 

10.00 
15.00 
17.90 
15.20 

54.00 
16.10 
19.30 
24.20 
13.50 

13.80 
17.00 
15.90 
15.00 

Tso 

15.20 
16.90 

90 
90 
90 
90 
90 

75 
71 
78 
70 

75 
81 
86 
72 
70 

70 
68 
72 
70 
52 
72 

90 

0.30* 
0.34 
0.30 
0.27 
0.25 
0.32 
0.33* 

0.28 
0.33 
0.32 
0.32 

1.07f 
0.34 
0.51 
0.46 
0.33 

0.30 
0.33 
0.33 
0.33 
0.33 
0.29 
0.33 
0.34 

3.33 
2.94 
3.33 
3.70 
4.00 
3.12 
3.03 

3:57 
3.03 
3.12 
3.12 

0.93 
2.94 
1.96 
2.17 
3.03 

3.33 
3.03 
3.03 
3.03 
3.03 
3.45 
3.03 
2.94 

It            U                  U 

Asphaltic  binder                    

Typical.                                

Chemically  treated  hog  hair  covered  with 
film  of  asphalt  _    

Made  from  corn  stalks       

*      "    exploded  wood  fibers    

a      "    hard  wood  fibers  
Insulating  plaster  9/10  in.  thick  applied  to 
M  in  plaster  board  base  _  

Made  from  licorice  roots.  
"      "    85%  magnesia  and  15%  asbestos 
*      u    shredded  wood  and  cement  
"      "    sugar  cane  fiber  -  

Sugar  cane  fiber  insulation  blocks  encased  in 
asphalt  membrane  

Made  from  wheat  straw  
*      "    wood  fiber  

«        u 
u        it                                  
a       it                           ~~  
a       u                           "'  ' 
u        u                                  

INSULATION-REFLECTIVE 

See  Table  1,  Section  C 

BUILDING  BOARDS 
AsmgwoR    J.J.    .„„_.  ...... 

Compressed  cement  and  asbestos  sheets  
Corrugated  asbestos  board  
Pressed  asbestos  mill  board  
Gypsum  between  layers  of  heavy  paper  
Rigid,   gypsum  between  layers  of  heavy 
paper  fy&  in.  thick)  
Gypsum  mixed  with  sawdust  between  layers 
of  heavy  paper  (0.39  in.  thick)  

123.00 
20.40 
60.50 
62.80 

53.50 
60.70 

86 
110 
86 
70 

90 
90 

2.70 
0.48 
0.84 
1.41 

2.60t 

3.60f 

3.73t* 
2.82t* 

0.37 
2.08 
1.19 
0.71 

0.38 

0.28 
0.27 
0.35 

(1) 

(2) 
(1) 
(3) 

(1) 
(1) 

GTPSUM  

PLASTEftHOAKI)  

ROOFING  CONSTRUCTION 
ROOFING 

Asphalt  composition  or  prepared 

70.00 

52.40 
65.00 
70.00 
201.00 

75 

76 

75 
75 

6.50t* 

3.53f* 

1.33 

0.58f 
6.00f* 
6.50t* 
10.37* 
l,28t* 

0.15 
0.28 

0.75 

1.72 
0.17 
0.15 
0.10 
0.78 

(3) 

(2) 
4) 

8 

7) 

SHINGLES  „_ 

Built  up—  H  in.  thick  

Built  up,  bitumen  and  felt,  gravel  or  slag 
surfaced"  
Plasterboard,   gypsum  fiber  concrete  and 
3-ply  roof  covering  2H  in.-  thick  
Asbestos  _  _  _  
Asphalt  

Slate  

Wood  

PLASTERING  MATERIALS 
PLASTER  

METAL  LATH  AND  PLASTER  
WOOD  LATH  AND  PLASTER.  

Cement 

39.9 

75 
73 

70 

8.00 
3.30* 
0.85 
8.80f 
4.40t" 
2.  50t* 

0.13 
0.30 
1.18 
0.11 
0.23 
0.40 

(2) 

(I) 
(4) 

w 

(4) 

(4) 
(4) 

(4) 

Gypsum,  typical  _  
Gyysum  and  expanded  vermiculite  mix  4  to  1 
Thickness  H  in  _  
Total  thickness  54  in  

^g  in.  plaster,  total  thickness  3/£in  

BUILDING 
CONSTRUCTIONS 
FRAME 

1-in.  fir  sheathing  End  building  paper 

30 

20 
20 

16 

0.86t* 

o.sot* 

0.82 

0.85J* 
1.28t* 

1.16 

2.00 
1.22 

1.18 
0.78 

1-in.   fir  sheathing,    building   paper,   and 
yellow  pine  lap  siding  

— 

1-in.  fir  sheathing,  building  paper  and  stucco 
Pine  lap  siding  and  building  paper—  siding 
4  in.  wide.  _  

Yellow  pin,e  lap  siding.  

For  notes  see  Page  79. 
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TABLE  2. 


CONDUCTIVITIES  (&)  AND  CONDUCTANCES  (C)  OF  BUILDING 
MATERIALS  AND  INSULATORS3 — Concluded 


The  coefficients  are  expressed  in  Btu  per  hour  per  square  foot  per  degree  Fahrenheit  per  1  in.  thickness 
unless  otherwise  indicated. 


Material 

Description 

£ 
5 

1* 
££ 

MEAN  TEMP 
(DEQ  FAHR) 

CONDUCTIVITY  (fc) 

OR 

GONDTJCTANCH  (C) 

-*  -«^-|O 

1s!  I 

«      ri     -< 

BUILDING 
CONSTRUCTIONS 
—(Continued) 
FLOORING 

Maple  —  across  grain 

40  00 

75 

1  20 

0  83         (3) 

Battleship  linoleum  (^  in.)  

1.36t* 

0.74         _ 

WOODS  (Across  Grain) 
BALSA. 

20  0 

90 

0  58 

1  72         (1) 

8  8 

90 

0.38 

2.63         (I] 

7  3 

90 

0.33 

3.03          1) 

CALIFORNIA  REDWOOD  ... 

0%  moisture..       

22.0 

75 

0.66 

1.53          4) 

0%        «      _    .._ 

28.0 

75 

0.70 

1.43          4) 

22.0 

75 

0.74 

1.35          4) 

16%        «      _           _      ._      .„ 

28  0 

75 

0  80 

1  25          4) 

CYPRESS  

28.7 

86 

0.67 

1,49         (1) 

DOUGLAS  FIR 

0%  moisture  

26.0 

75 

0.61 

1.64        (4) 

0%        "      

34.0 

75 

0.67 

1,49         C4) 

16%        «      _  .  

26.0 

75 

0.76 

1.32        (4 

16%        " 

34  0 

75 

0.82 

1.22         (4 

EASTERN  Hf-MrooK 

0%  moisture    L  ,   ., 

22  0 

75 

0  60 

1  67         4 

30  0 

75 

0.76 

1  32          4 

16%        u      

22.0 

75 

0.67 

1.49         4 

lfi%        •      „    .   ,_  ... 

30.0 

75 

0.85 

1.18         4) 

HARP  MAPLE 

0%  moisture-    ..        . 

40.0 

75 

1.01 

0.99          4) 

n%        « 

46  0 

75 

1.05 

0  95          4) 

16%        "      „    —  .  

40  0 

75 

1.15 

0.87          4) 

16%        "      _ 

46  0 

75 

1  21 

0  83          4) 

LONGLEAF  YELLOW  PINE  

0%  moisture  _    . 

30.0 

75 

0.76 

1.32          4) 

0%        "      

40  0 

75 

0.86 

1.16         (4) 

16%        a 

30  0 

75 

0.89 

1  .  12         (4) 

16%        •      _     __    .... 

40  0 

75 

1  03 

0.97         (4) 

M4HQGANT 

34  3 

86 

0  90 

1  11         (1) 

MAPLE  „    .  _  .  

44.3 

86 

1.10 

0.91         (1) 

MAPLE  OR  OAK      

1.15* 

0.87 

NORWAY  PINE   ... 

0%  moisture  ..   ..   . 

22.0 

75 

0.62 

.61         (4) 

0% 

32  0 

75 

0.74 

!35         (4) 

16%        " 

22.0 

75 

0.74 

.35          4 

16%        u 

32.0 

75 

0.91 

.10          4 

RED  CYPRESS. 

0%  moisture 

22.0 

75 

0.67 

.49          4) 

§°7         tt 

39  o 

75 

0  79 

'7          4) 

16%        * 

22  0 

75 

0  74 

.35          4) 

16%         "      .._  _    _    . 

32.0 

75 

0.90 

.11          4) 

RED  OAK. 

0%  moisture. 

38.0 

75 

0.98 

.02         (4) 

0%         " 

48.0 

75 

1.18 

0.85         (4) 

16%        a 

38.0 

75 

1.07 

0.94          4) 

167         a 

48  0 

75 

1  29 

0  78          4) 

SHORTLY  *  YELLOW  PINE 

0%  moisture  —  —  - 

26  0 

75 

0.74 

1.35          4) 

36.0 

75 

0.91 

1.10          4) 

16%    *  "~.~n  "i  ~]     mri! 

26.0 
36.0 

75 
75 

0.84 
1.04 

1.19          4^ 
0.96          4) 

SOFT  ELM 

0%  moisture 

28  0 

75 

0  73 

1  37          4) 

34.0 

75 

0.88 

1.14          4) 

16%         a 

28  0 

75 

0.81 

1.24          4) 

16%        "      

34.0 

75 

0.97 

1.03          4) 

SOFT  MAPLE 

0%  moi$t,\ire 

36.0 

75 

0.89 

1.12          4) 

16%        «      

42.0 
36.0 

75 
75 

0.95 
1.01 

1.05          4) 
0.99          4) 

SUGAR  PINE  

0%  moisture  _ 

42.0 
22.0 
28.0 

75 
75 
75 

1.09 
0.54 
0.64 

0.92          4) 
1  .85          4) 
1.56          4) 

16%        u     _.   ._  „  _ 

22  0 

75 

0.65 

1.54          4^ 

16%         tt      „  

28.0 

75 

0.78 

1.28          4) 

VIRGINIA  PINE          .  ,, 

34.3 

86 

0.96 

1.04          1) 

W^ST  HOAHT  HEMLOCK;  

0%  moisture  

22.0 

75 

0.68 

1.47          4) 

0%        tf 

30  0 

75 

0  79 

1  27          4] 

16%         " 

22.0 

75 

0.78 

1.28          4) 

16%         «      _.    .... 

30.0 

75 

0.91 

1.10        (4) 

WHITE  PINE             „ 

31  2 

86 

0  78 

1.28        (1) 

YTIT^OW  Pl>"j 

1  00 

1  00         (3) 

YELLOW  PINE  OR  FIR  

-  _. 





0.80* 

1.25 

For  notes  see  Page  79. 
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TABLE  3.    COEFFICIENTS  OF  TRANSMISSION  (Z7)  OF  MASONRY  WALLS* 

Coefficients  are  expressed  in  Btu  per  hour  per  square  foot  per  degree 
Fahrenheit  difference  in  temperature  between  the  air  on  the  two  sides, 
and  are  based  on  a  wind  velocity  of  15  mph. 


TYPICAL 
CONSTRUCTION 


TYPE  OF  WALL 


THICKNESS 

OF 

MASONRY 
(INCHES) 


WAIL 

No. 


Solid  Brick 

Based  on  4-in.  hard  brick  and  the  remainder 
common  brick. 


Hollow  Tile 

Stucco  Exterior  Finish. 
The  8-in.  and  10-in.  tile  figures  are  based  on 
two  cells  in  the  direction  of  flow  of  heat.  The 
12-in.  tile  is  based  on  three  cells  in  the  direc- 
tion of  flow  of  heat.  The  16-in.  tile  consists 
of  one  10-in.  tile  and  one  6-in.  tile  each  having 
two  cells  in  the  direction  of  heat  flow. 


Limestone  or  Sandstone 


Concrete  (Monolithic) 

These  figures  may  be  used  with  sufficient 
accuracy  for  concrete  walls  with  stucco 
exterior  finish. 


Cinder  (Monolithic) 

Conductivity  k  =  4.36 


Burned  Clay  aggregate  (Monolithic) 

Conductivity  k  =  3.96 


Cinder  Blocks 

Cores  filled  with  dry  cinders,  69.7  Ib  per  cu  ft. 

Cores  filled  with  granulated  cork,  5.12  Ib 

per  cu  ft. 

Cores  filled  with  rock  wool,  14.2  Ib  per  cu  ft. 

Based  on  one  air  cell  in  direction  of  heat  flow. 

Cores  filled  with  granulated  cork,  5.24  Ib  per 

cuft. 

Concrete  Blocks 

Cores  filled  with  granulated  cork,  5.14  Ib  per 

cuft. 

Based  on  one  air  cell  in  direction  of  heat  flow. 

Burned  Clay  aggregate  Blocks 

Cores  filled  with  granulated  cork,  5.06  Ib  per 
cu  ft. 

Burned  Clay  aggregate  Blocks 

Cores  filled  with  granulated  cork,  5.6  Ib^per 
cu  ft. 


8 
12 
16 


10 
12 
16 


8 
12 
16 
24 


10 
16 
20 


6 

10 
16 
20 


6 

10 
16 
20 


8 
8 

8 

8 

12 

12 


8 
12 


12 

12 


8 
9 

10 
11 


12 
13 
14 
15 


16 
17 
18 
19 


20 
21 
22 
23 


24 

25 

26 
27 

28 

29 
30 

31 
32 


33 
34 

~35~ 
36 


"Computed  from  factors  marked  by  *  in  Table  2. 
b  Based  on  the  actual  thickness  of  2  in.  furring  strips, 
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INTERIOR  FINISH 


UNINSULATED  WALLS 

INSULATED  WALLS 

Plain  walls—  no  in- 
terior finish 

B 
O 

d 

s 

If 

1 

SI 

if 
II 

§| 

H1—  ' 
fl 

!§ 

§§ 

5^ 

i! 

Decorated  building 
board  (H  in.)  with- 
out plaster—  furred 

§s 

'ri  § 

1 

5'C.S 

o^- 

5-1 

i^ 

it? 

Plaster  (H  in.)  on 
corkboard  (1^  in.) 
set  in  cement  mortar 
O^in.) 

Plaster  (H  in.)  on 
plasterboard  (% 
in.)—  airspace  faced 
on  one  side  with 
bright  aluminum 
foil  cemented  to 
plasterboard 

Plaster  on  metal 
lath  attached  to  fur- 
ring strips  (2  in.*)— 
rock  wool  Ell  (1% 
in.*)" 

IP-tl 

S^  SiSf  1 

fcjS'C  i  g*~.S 

Ifsflll 

A 

B 

C 

D 

£ 

F 

G 

H 

I 

J 

K 

L 

0.50 
0.36 
0.28 

0.46 
0.34 
0.27 

0.30 
0.24 
0.20 

0.32 
0.25 
0.21 

0.30 
0.24 
0.20 

0.23 
0.19 
0.17 

0.22 
0.19 
0.16 

0.16 
0.14 
0.13 

0.14 
0.12 
0.11 

0.22 
0.18 
0.16 

0.12 
0.11 
0.10 

0.20 
0.17 
0.15 

0.40 
0.39 
0.30 
0.25 

0.38 
0.37 
0.29 
0.24 

0.26 
0.26 
0.22 
0.19 

0.28 
0.27 
0.22 
0.19 

0.26 
0.26 
0.22 
0.19 

0.20 
0.20 
0.17 
0.16 

0.20 
0.19 
0.17 
0.15 

0.15 
0.15 
0.14 
0.12 

0.13 
0.13 
0.12 
0.11 

0.20 
0.20 
0.17 
0.16 

0.11 
0.11 
0.10 
0.097 

0.18 
0.18 
0.16 
0.14 

0.71 
0.58 
0.49 
0.37 

0,64 
0.53 
0.45 
0.35 

0.37 
0.33 
0.30 
0.25 

0.39 
0.34 
0.31 
0.26 

0.37 
0.33 
0.30 
0.25 

0.26 
0.24 
0.22 
0.20 

0.25 
0.23 
0.22 
0.19 

0.18 
0.17 
0.16 
0.15 

0.15 
0.14 
0.14 
0.13 

0.25 
0.23 
0.22 
0.19 

0.13 
0.13 
0.12 
0.11 

0.23 
0.21 
0.20 
0.18 

0.79 
0.62 
0.48 
0.41 

0.70 
0.57 
0.44 
0.39 

0.39 
0.34 
0.29 
0.27 

0.42 
0.37 
0.31 
0.28 

0.39 
0.34 
0.29 
0.27 

0.27 
0.25 
0.22 
0.21 

0.26 
0.24 
0.21 
0.20 

0.19 
0.18 
0.16 
0.15 

0.16 
0.15 
0.14 
0.13 

0.26 
0.24 
0.21 
0.20 

0.13 
0.13 
0.12 
0.12 

0.23 
0.22 
0.20 
0.18 

0.46 
0.33 
0.22 
0.19 

0.43 
0.31 
0.22 
0.18 

0.29 
0.23 
0.17 
0.15 

0.30 
0.24 
0.18 
0.15 

0.29 
0.23 
0.17 
0.15 

0.22 
0.18 
0.15 
0.13 

0.21 
0.18 
0.14 
0.13 

0.16 
0.14 
0.12 
0.11 

0.14 
0.12 
0.10 
0.09 

0.21 
0.18 
0.15 
0,13 

0.12 
0.11 
0,09 
0.09 

0.19 
0.16 
0.13 
0.12 

0.44 
0.30 
0.21 
0.17 

0.41 
0.29 
0.20 
0.17 

0.28 
0.22 
0.16 
0.14 

0.29 
0.23 
0.17 
0.14 

0.28 
0.22 
0.16 
0.14 

0.21 
0.17 
0.14 
0.12 

0.21 
0.17 
0.14 
0.12 

0.16 
0.14 
0.11 
0.10 

0.13 
0.12 
0.10 
0.09 

0.21 
0.17 
0.13 
0.12 

0.12 
0.10 
0.09 
0.08 

0.19 
0.16 
0.13 
0.11 

0.42 
0.31 

0.39 
0.29 

0.27 
0.23 

0.28 
0.23 

0.27 
0.22 

0.21 
0.18 

0.20 
0.17 

0.16 
0.14 

0.13 
0.12 

0.21 
0.17 

0.12 
0.11 

0,19 
0.16 

0.22 
0.23 
0.37 

0.21 
0.22 
0.35 

0.17 
0.19 
0.25 

0.18 
0.18 
0.26 

0.17 
0.18 
0.25 

0.14 
0.15 
0.19 

0.14 
0.14 
0.19 

0.12 
0.12 
0.15 

0.11 
0.10 
0.13 

0.14 
0.15 
0.18 

0.09 
0.09 
0.11 

0.13 
0.14 
0.17 

0.20 

0.19 

0.17 

0.16 

0.16 

0.13 

0.13 

0.11 

0.10 

0.14 

0.09 

0.13 

0.56 

0.52 

0.32 

0.34 

0.32 

0.24 

0.23 

0.17 

0.14 

0.23 

0.12 

0.21 

0.41 
0.49 

0.39 
0.46 

0.27 
0.30 

0.28 
0.32 

0.27 
0.30 

0.21 
0.23 

0.20 
0.22 

0.15 
0.16 

0.13 
0.14 

0.21 
0.22 

0.12 
0.12 

0.18 
0.20 

0.36 

0.34 

0.26 

0.26 

0.24 

0.19 

0.19 

0.15 

0.13 

0.18 

0.11 

0.17 

0.18 

0.17 

0.15 

0.15 

0.14 

0.13 

0.12 

0.10 

0.09 

0.13 

0.08 

0.12 

0.34 

0.32 

0.25 

0.25 

0.24 

0.19 

0.18 

0.14 

0.12 

0.18 

0.11 

0.17 

0.15 

0.14 

0.13 

0.13 

0.12 

0.11 

0.11 

0.09 

0.08 

0.11 

0.08 

0.10 

CA  waterproof  (not  vaporproof)  membrane  should  be  provided  between  the  outer  material  and  the 
insulation  fill  to  prevent  possible  wetting  by  absorption  and  a  subsequent  lowering  of  efficiency. 
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TABLE  4. 


COEFFICIENTS  OF  TRANSMISSION  ( £7)  OF  MASONRY  WALLS 
WITH  VARIOUS  TYPES  OF  VENEERSO 


Coefficients  are  expressed  in  Btu  per  hour  per  square  foot  per  degree 
Fahrenheit  difference  in  temperature  between  the  air  on  the  two  sides, 
and  are  based  on  a  wind  velocity  of  15  mph. 


TYPICAL 
CONSTRUCTION 

TYPE  OF  WALL 

WALL 

No. 

FACING 

BACKING 

S3 

tSQ? 

SSS^=S=&33kf*\ 

I 
P 

P 
^ 

Ml 

4  in.  Brick  Veneer* 

6  in. 

ioiS:HollowTilee 

12  in. 

37 
38 
39 

40 

4  in.  Brick  Veneer* 

6  in. 
10  in.  Concrete 
16  in. 

41 
42 
43 

£3e=SH 

egg} 

r^^^^ 

4  in.  Brick  Veneer* 

8  in.  Cinder  Blocks 
8  in.  Cinder  Blocks  —  Core 
filled   with    granulated  cork, 
5.12  Ib  per  cu  ft. 
12  in.  Cinder  Blocks 
12  in.  Cinder    Blocks  —  Cores 
filled    with    granulated    cork, 
5.24  Ib  per  cu  ft. 

44 

45 

46 

47 

8  in.  Concrete  Blocks 
8  in.  Concrete  Blocks  —  Cores 
filled   with   granulated    cork, 
5.14  Ib  per  cu  ft. 
12  in.  Concrete  Blocks 
8  in.  Burned  Clay  aggregate 
Block 
8  in.  Burned  Clay  aggregate 
Block—  Cores  filled  with  gran- 
ulated cork,  5.06  Ib  per  cu  ft. 
12  in.  Burned  Clay  aggregate 
Block 
12  in.  Burned  Clay  aggregate 
Block  —  Cores  filled  with  gran- 
ulated cork,  5.6  Ib  per  cu  ft. 

48 

49 
50 

51 

52 
53 

54 

4  in.  Cut-Stone  Veneer* 

8  in. 
12  in.  Common  Brick 

16  in. 

55 
56 
57 

f^^^an-..^   ^rffL 

1                   If*53**^ 

4  in.  Gut-Stone  Veneer* 

6  in. 
!§£;  Hollow  Tto 
12  in. 

58 
59 
60 
61 

\\\ 

""S4J 

1  —  dp* 

P 
P 

4  in.  Cut-Stone  Veneer* 

6  in. 
10  in.  Concrete 

16  in. 

62 
63 
64 

uted  from  factors  marked  by  *  in  Table  2. 
on  the  actual  thickness  of  2-in.  furring  strips. 

11"  8;ln-  andM10/in;  tiie  figures  are  baaed  on  two  cells  in  the  direction  of  heat  flow.    The  12-in. 
on  three  cells  in  the  direction  of  heat  flow. 
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INTERIOR  FINISH 


UNINSULATED  WA.LLS 


INSTFULTBD  WJLLLH 


Plain  walls—  no  in- 
terior finish 

c 
o 

3 
3 

is 

PM  t 

Plaster  on  wood 
lath-furred 

3 

1 

Plaster  Q4  in.)  on 
plasterboard  (% 
in.)  —  furred 

No  plaster  —  deco- 
rated rigid  or  build- 
ing board  interior 
finish  (K  in.)— 
furred 

Plaster  (H  in.)  on  1 
rigid  insulation  (H 
in.)  —  furred 

§C 

Zl 

PI 

S'c.S 

Plaster  (M  in.)  on 
cork  board  (1M  in.) 
set  in  cement  mortar 
(Hiii.) 

Plaster  (Y2  in.)  on 
plasterboard  (% 
vn.)  —  air  space  faced 
on  one  side  with 
bright  aluminum 
foil  cemented  to 
plasterboard 

•111 

43"^ 

i!.?p 

J||Jsg 

Plaster  (H  in.)  on 
metal  lath  attached 
to  furring  strips 
(2  in.*)—  flexible  in- 
sulation (%  in.)  be- 
tween furring  strips 
(one  air  epaoe) 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

0,36 
0.34 
0.34 
0.27 

0,34 
0,33 
0.32 
0,26 

0.24 
0.24 
0.23 
0.20 

0.25 
0.25 
0,24 
0.21 

0.24 
0.24 
0.23 
0.20 

0.19 
0.19 
0.19 
0.16 

0.19 
0.18 
0.18 
0.16 

0.15 
0.14 
0.14 
0.13 

0.13 
0.12 
0.12 
0.11 

0.18 
0.18 
0.18 
0.16 

0.11 
0.11 
0.11 
0.10 

0.17 
0.17 
0.17 
0.15 

0.57 
0.48 
0.39 

0.53 
0.45 
0.37 

0.33 
0.30 
0.26 

0.35 
0.31 
0.27 

0.33 
0.30 
0.26 

0.24 
0.22 
0.20 

0.23 
0.22 
0,19 

0.17 
0.16 
0.15 

0.14 
0.14 
0.13 

0.23 
0.22 
0.20 

0.13 
0.12 
0.11 

0.21 
0.20 
0.18 

0.35 

0.33 

0.24 

0.25 

0.24 

0.19 

0.18 

0.14 

0.12 

0.18 

0.11 

0.17 

0.20 
0.31 

0.19 
0.30 

0.16 
0.22 

0.16 
0.23 

0.16 
0.22 

0.13 
0.18 

0.13 
0.17 

0,11 
0.14 

0.10 
0.12 

0.13 

0.17 

0.09 
0.11 

0.12 
0.16 

0.18 

0.18 

0.15 

0.15 

0.15 

0.13 

0.12 

0.10 

0.09 

0.13 

0.08 

0.12 

0.44 

0.42 

0.28 

0.30 

0.28 

0.21 

0.21 

0.16 

0.13 

0.21 

0.12 

0.19 

0.34 
0.40 

0.32 
0.38 

0.24 
0.26 

0.25 
0.28 

0.23 
0.26 

0.19 
0.20 

0.18 
0.20 

0.14 
0.15 

0.12 
0.13 

0.18 
0.20 

0.11 
0.11 

0.17 
0.18 

0.31 

0.29 

0.23 

0.23 

0.22 

0.18 

0.17 

0.14 

0.12 

0.17 

0.11 

0.16 

0.17 

0.16 

0.14 

0.14 

0.14 

0.12 

0.12 

0.10 

0.09 

0.12 

0.08 

0.11 

0.29 

0.28 

0.21 

0.22 

0.21 

0.17 

0.17 

0.13 

0.12 

0.17 

0.10 

0.16 

0.14 

0.14 

0.12 

0.12 

0.12 

0.10 

0.10 

0.09 

0.08 

0.10 

0.07 

0.10 

0.37 
0.28 
0.23 

0.35 
0.27 
0.22 

0.25 
0.21 
0.18 

0.26 
0.21 
0.18 

0.25 
0.21 
0.18 

0.19 
0.17 
0.15 

0.19 
0.16 
0.14 

0.15 
0.13 
0.12 

0.13 
0.12 
0.11 

0.19 
0.17 
0.15 

0.11 
0.10 
0.095 

0.17 
0.15 
0.14 

0.37 
0.36 
0.35 
0.28 

0.35 
0.34 
0.33 
0.26 

0.25 
0.24 
0.24 
0.20 

0.26 
0.25 
0.25 
0.21 

0.25 
0.24 
0.24 
0.20 

0.20 
0.19 
0.19 
0.17 

0.19 
0.19 
0.18 
0.16 

0.15 
0.15 
0.14 
0.13 

0.13 
0.13 
0.12 
0.11 

0.19 
0.18 
0.18 
0,17 

0.11 
0.11 
0.11 
0.10 

0.18 
0.17 
0.17 
0.15 

0.61 
0.51 
0.41 

0.56 
0.47 
0.38 

0.34 
0.31 
0.26 

0.36 
0.32 
0.28 

0.34 
0.31 
0.26 

0.25 
0.23 
0.20 

0.24 
0.22 
0.20 

0.18 
0.17 
0.15 

0.15 
0.14 
0.13 

0.24 
0.22 
0.20 

0.13 
0.12 
0.11 

0.22 
0.20 
0.18 

^Calculations  include  cement  rnortar  (>£  in.)  between  veneer  or  facing  and  backing. 
«Based  on  one  air  cell  in  direction  of  heat  flow. 

/A  waterproof  (not  vaporproof)  membrane  should  be  provided  between  the  outer  material  and  the 
insulation  fill  to  prevent  possible  wetting  by  absorption  and  a  subsequent  lowering  of  efficiency. 
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TABLE  5.    COEFFICIENTS  OF  TRANSMISSION  ( U)  OF 
VARIOUS  TYPES  OF  FRAME  CONSTRUCTION^ 


These  coefficients  are  expressed  in  Btu  per  hour  per  square  foot  per 
degree  Fahrenheit  difference  in  temperature  between  the  air  on  the  two 
sides,  and  are  based  on  a  wind  velocity  of  15  mph. 


TYPICAL 
CONSTRUCTION 


EXTERIOR  FINISH 


TYPE  OF  SHEATHING 


WALL 
No. 


JTVtf 


/HEA-ttUNG- 


1  in.  Woodd 


Wood  Siding  or  Clapboard 


in.  Rigid  Insulation 


%  in.  Plasterboard 


1  in.  Wood* 


Wood  Shingles 


2^2  in.  Rigid  Insulation' 


in.  Plasterboard' 


1  in.  Wood* 


Stucco 


n.  Rigid  Insulation 


Yi  in.  Plasterboard 


1  in.  Woodd 


Brick/  Veneer 


.  Rigid  Insulation 


y^  in.  Plasterboard 


65 


66 


67 


68 


69 


70 


71 


72 


73 


74 


75 


76 


°Computed  from  factors  marked  by  *  in  Table  2. 
bThese  coefficients  may  also  be  used  with  sufficiei 
asterboard. 

'Based  on  the  actual  width  of  2  by  4-in.  studding,  namely,  3%  in. 


*These  coefficients  may  also  be  used  with  sufficient  accuracy  for  plaster  on  wood  lath  or  plaster  on 
plasterb  oara. 
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INTERIOR  FINISH 


No  INSULATION  BETWEEN  STUDDING 


SP 

1 

ffl 

g 

Is 

1 

§ 

a 
o 

IS 

1 

§ 
3 
S 
jf 

11 

Plaster  (^  in.)  on  plasterboard 
(•Hi  in.)  on  studding 

Plaster  (1A  in.)  on  rigid  insulation 
(H  in-)  on  studding 

Plaster  (]4  in.)  on  rigid  insulation 
(1  in.)  on  studding 

Plaster  (H  in.)  on  corkboard  UM  in.) 
on  studding 

No  plaster  —  decorated  rigid  or  build- 
ing board  interior  finish  (%  in.) 

i  in.  wood  sheathing,**  furring  strips, 
plaster  (1A  in.)  on  wood  lath 

Plaster  (K  in.)  on  plasterboard 
(%  in.)—  air  space  faced  on  one  side 
with  bright  aluminum  foil  cemented 
to  plasterboard 

Plaster  (^  in.)  on  metal  lath*  on 
studding—  flexible  insulation  (H  in.) 
between  studding  and  in  contact  with 
sheathing 

Plaster  (M  in.)  on  metal  lathb  on 
Btudding—  flexible  insulation  (H  in.) 
between  studding—  2  air  spaces 

Plaster  (%  in.)  on  metal  lath*  on 
studding  —  flexible  insulation  (i  in.) 
between  studding—  2  air  spaces 

Plaster  (M  in.)  on  metal  lath11  ou 
studding—  rock  wool  fill  (3%  i"-c) 
between  studding** 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

0.25 

0.26 

0.25 

0.19 

0.15 

0.11 

0.19 

0.17 

0.19 

0.17 

0.15 

0.12 

0.072 

0.19 

0.20 

0.19 

0.15 

0.13 

0.10 

0.16 

0.14 

0.15 

0.15 

0,13 

0.10 

0.068 

0.31 

0.33 

0.31 

0.22 

0.17 

0.13 

0.23 

0.19 

0.22 

0.20 

0.17 

0.13 

0.076 

0.25 

0.26 

0.25 

0.19 

0.15 

0.11 

0.19 

0.17 

0.20 

0.17 

0.15 

0.12 

0.072 

0.17 

0.17 

0.17 

0.14 

0.11 

0.092 

0.14 

0.14 

0.15 

0.13 

0.11 

0.094 

0.064 

0.24 

0.25 

0.24 

0.19 

0.15 

0.11 

0.19 

0.19 

0.22 

0.17 

0.15 

0.12 

0.071 

0.30 

0.32 

0.30 

0.22 

0.16 

0.12 

0.22 

0.19 

0.23 

0.20 

0.17 

0.13 

0.076 

0.22 

0.23 

0.22 

0.17 

0.14 

0.11 

0.19 

0.15 

0.17 

0.16 

0.14 

0.11 

0.071 

0.40 

0.43 

0.40 

0.26 

0.19 

0.14 

0.28 

0.22 

0.26 

0.24 

0.20 

0.14 

0.081 

0.27 

0.28 

0.27 

0.20 

0.15 

0.12 

0.21 

0.17 

0.21 

0.18 

0.16 

0.12 

0.074 

0.21 

0.21 

0.21 

0.16 

0.14 

0.10 

0.17 

0.15 

0.16 

0.15 

0.13 

0.11 

0.068 

0.35 

0.37 

0.35 

0.24 

0.18 

0.13 

0.25 

0.21 

0.24 

0.22 

0.18 

0.14 

0.079 

INSULATION  BETWEEN  STUDDING 


^Yellow  pine  or  fir — actual  thickness  about  33/&  in. 
'Furring  strips  between  wood  shingles  and  sheathing. 

•''Small  air  space  and  mortar  between  building  paper  and  brick  veneer  neglected. 
0A  waterproof  (not  vaporproof)  membrane  should  be  provided  between  the  outer  material  and  the 
insulation  fill  to  prevent  possible  wetting  by  absorption  and  a  subsequent  lowering  of  efficiency. 
AThe  coefficients  in  this  column  are  corrected  for  the  effect  of  studs. 
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TABLE  6.    COEFFICIENTS  OF  TRANSMISSION  (17)  OF  FRAME  INTERIOR  WALLS 

AND  PARTITIONS^ 

Coefficients  are  expressed  in  Btu  per  hour  per  square  oot  per  degree  Fahrenheit  difference  in  temperature 
between  the  air  on  the  two  sides,  and  are  based  on  still  air  (no  wind)  conditions  on  both  sides. 


TYPICAL  CONSTRUCTION 
^L/UTEkJ-W./ 

IpU/tfeR,  JA/t-- 

WALL 
No. 

SINGLE 
PARTITION 
(FINISH 
on  ONE 
SIDE  OF 
STUDDING) 

DOUBLE  PARTITION 
(FINISHED  ON  BOTH  SIDES  OP  STUDDING) 

Air 
Space 
Between 
Studding 

Flaked 

GSm 
Between 
Studding 

Rock 
Wool 
Fill" 
Between 
Studding 

Flexible 
Insulation 
Between 
Studding 
(One  Air 
Space) 

TYPE  OF  WALL 

A 

B 

C 

D 

£ 

Wood  Lath  and  Plaster  On  Studding 

77 

0.62 

0.34 

0.11 

0.076 

0.21 

Metal  Lath  and  Plaster6  On  Studding 

78 

0.69 

0.39 

0.11 

0.078 

0.23 

Plasterboard  (%  in.)  and  Plaster** 

On  Studding 

79 

0.61 

0.34 

0.10 

0.075 

0.21 

Plasterboard  (%  in.)  and  Plaster'' 

On  Studding  —  bright  aluminum  foil  ce- 
mented to  plasterboard  on  surface  nailed 
to  studding 

8,0 

0.42 

0.24 

0.16 

Y2  in.  Rigid  Insulation  and  Plaster*2 

On  Studding 

81 

0.35 

0.18 

0.083 

0.063 

0.14 

1  in.  Rigid  Insulation  and  Plaster** 

On  Studding 

82 

0.23 

0.12 

0.066 

0.054 

0.097 

1M  in.  Corkboard  and  Plaster* 

On  Studding 

83 

0.16 

0.081 

0.052 

0.044 

0.070 

2  in.  Gorkboard  and  Plaster* 

On  Studding 

84 

0.12 

0.063 

0.045 

0.038 

0.057 

•Computed  from  factors  marked  by  *  in  Table  2. 
'Thickness  assumed  3%  in. 


"Plaster  on  metal  lath  assumed  M  in.  thick. 
dPlaster  assumed  H  in.  thick. 


TABLE  7.     COEFFICIENTS  OF  TRANSMISSION  (Z7)  OF  MASONRY  PARTITIONS** 

Coefficients  are  expressed  in  Btu  per  hour  per  square  foot  per  degree  Fahrenheit  difference  in  temperature 
between  the  air  on  the  two  sides,  and  are  based  on  still  air  (no  wind)  conditions  on  both  sides. 


TYPICAL  CONSTRUCTION 

IgD 

No. 

PLAIN  WALLS 
(No  PLASTER) 

WALLS 
PLASTERED 
ON  ONE  SIDE 

WALLS 
PLASTERED 
ON  BOTH  SIDES 

TYPE  OF  WALL 

A 

B 

C 

4-in.  Hollow  Clay  Tile 

85 

0.45 

0.42 

0.40 

4-in.  Common  Brick 

86 

0.50 

0.46 

0.43 

4-in.  Hollow  Gypsum  Tile 

87 

0.30 

0.28 

0.27 

2-in.  Solid  Plaster 

88 

........ 



0.53 

•Computed  from  factors  marked  by  *  in  Table  2. 
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TABLE  9.  COEJ 

Coefficients  are  express 

TYPICAL  CONSTRUCTI 

ira 

ww 

TYPE  OF  CEILING 

No  Ceiling 

^t  in.  Plaster  Applied  Directly  to  Ui 
of  Concrete 

Suspended  or  Furred  Metal  Lath  ai 
(%  in.)  Ceiling 

Suspended  or  Furred  Ceiling  of  Pla 
(%  in.)  and  Plaster  (^  in.) 

Suspended  or  Furred  Ceiling  of  Rig 
(26  in.)  and  Plaster  Q4  in.) 

Piaster  (^  in.)  on  Corkboard  (1H  in 
Cement  Mortar  (%  in.)  on  Concre 

°Computed  from  factors  marked  by  * 
6The  figures  in  COLUMN  A  may  be  use< 
eThickness  of  yellow  pine  flooring  assu 
dThe  figures  in  COLUMN  B  may  be  use 
'Thickness  of  maple  or  oak  flooring  ai 
/Thickness  of  tile  or  terrazzo  assume< 
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TABLE  11.    COEFFICIENTS  OF  TRANSMISSION  (IT)  OF  VARIOUS  TYPES 
OF  FLAT  ROOFS  COVERED  WITH  BUILT-UP  ROOFING^ 


TYPICAL  CONSTRUCTION 

WITH  METAL  LATH 
WITHOUT  CEILINGS                             AND 
PLASTER  CEILINGS'* 

TYPE  OF  ROOF  DECK 

THICKNESS 

OF 

ROOF 
DECK 

(INCHES) 

No. 

HOOflMCJ        /Til*                        ROOFlNflj     /TlLE 

UT  "               Tp1                 ™T             ~T 

Precast  Cement  Tile 

m 

1 

IMi/ULflTv^r'U                       n.flflFihl/'                  / 

Concrete 

2 

2 

Spl 

Concrete 
Concrete 

4 
6 

4 

1K/ULA.TION/                  D^J^i0"^11/ 
TOQFtHffi            /                   Roopirr^i            / 

Wood 

\3Uf\r\A 

1* 

5 

6" 

,.lg  L.  ;!,*..  .Bii 

Wood 
Wood 

4* 

7 
8 

RflOPlfffil             /                      T-OOFIH  <*!.            / 

Gypsum  Fiber  Concrete" 
(2  in.)  on  Plasterboard 

Gypsum  Fiber  Concrete8 

** 

9 

f  6*f  r/y  H'  .'•".  '*  \  ,'•',  f                       r  W  PJV  'V.*  .?*•"•.'.  -i 

(K  in.) 

3^ 

10 

rLAJTBR.  BOARP^                          PUA/TCR,   &OA.P.P* 

Gypsum  Fiber  Concrete" 
(2  in.)  on  Rigid  Insula- 

«W.Wtf 

lation  Board  <M  in.) 
Gypsum  Fiber  Concrete* 
(2  in.)  on  Rigid  Insula- 
tion Board  (1  in.) 

3 

11 

12 

y*n7            ^ffQ 

Flat  Metal  Roofs 

Coefficient    of    transmis- 
sion of  bare  corrugated 

]rE  jfft^J 

Btu  per  hour  per  square 
foot  of  projected  area  per 

— 

13 

fiElUHd'^ 

degree    Fahrenheit    dif- 
ference  in    temperature, 
based  on  an  outside  wind 
velocity  of  15  mph. 

^Computed  from  factors  marked  by  *  in  Table  2. 

^Nominal  thicknesses  specified — actual  thicknesses  used  in  calculations. 

"Gypsum  fiber  concrete— 87H  per  cent  gypsum,  12J^  per  cent  wood  fiber. 
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Coefficients  are  expressed  in  Btit  per  hour  per  square  foot  per  degree 
Fahrenheit  difference  in  temperature  between  the  air  on  the  two  sides, 
and  are  based  on  an  outside  wind  velocity  of  lo  mph. 


WITHOUT  CEILING-UNDER  SIDE  OF 
ROOF  EXPOSED 


WITH  METAL  LATH  AND 
PLASTER  CEILINGS* 


.1 

_S 

3 

i 

.S 

es 

5 

7 

5 

2 

a 

S 

a 

S 

q 

a 

2 

s 

a 

o 

a 

c 

1 

1 

3 

tf 

S 

C- 

d 

es 

4 

1 

3 

3 

& 

^ 

C 

No  Inaulal 

1 

Rigid  Insu 

Rigid  Insu 

i 

s 

| 

Corkboard 

| 

No  Irmula 

Rigid  IDBU 

1 

i 
1 

i 

i 

6 

J 

1 
O 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

P 

0.84 

0.37 

0.24 

0.18 

0.14 

0.22 

0.16 

0.13 

0.43 

0.26 

0.19 

0.15 

0.12 

0.18 

0.14 

0.11 

0.82 
0.72 
0.64 

0.37 
0.34 
0.33 

0.24 
0.23 
0.22 

0.17 
0.17 
0.16 

0.14 
0.13 
0.13 

0.22 
0.21 
0.21 

0.16 
0.16 
0.15 

0.13 
0.12 
0.12 

0.42 
0.40 
0.37 

0.26 
0.25 
0.24 

0.19 
0.18 
0.18 

0.15 
0.14 
0.14 

0.12 
0.12 
0.11 

0.18 
0.17 
0.17 

0.14 
0.13 
0.13 

0.11 
0.11 
0.11 

0.49 
0.37 

0.28 
0.24 

0.20 
0.18 

0.15 
0.14 

0.12 
0.11 

0.19 
0.17 

0.14 
0.13 

0.12 
0.11 

0.32 
0.26 

0.21 
0.19 

0.16 
0.15 

0.13 
0.12 

0.11 
0.10 

0.15 
0.14 

0.12 
0.11 

0.10 
0.095 

0.32 
0.23 

0.22 
0.17 

0.16 
0.14 

0.13 
0.11 

0.11 
0.096 

0.16 
0.13 

0.12 
0.11 

0.10 
0.091 

0.24 
0.18 

0.17 
0.14 

0.14 
0.12 

0.11 
0.10 

0.097 
0.087 

0.13 
0.11 

0.11 
0.096 

0.092 
0.082 

0.40 

0.25 

0.18 

0.14 

0.12 

0.17 

0.13 

0.11 

0.27 

0.19 

0.15 

0.12 

0.10 

0.14 

0.12 

0.097 

0.32 

0.22 

0.16 

0.13 

0.11 

0.15 

0.12 

0.10 

0.23 

0.17 

0.14 

0.11 

0.097 

0.13 

0.11 

0.091 

0.26 

0.19 

0.15 

0.12 

0.10 

0.14 

0.11 

0.10 

0.20 

0.16 

0.13 

0.11 

0.09 

0.12 

0.10 

0.087 

0.19 

0,15 

0.12 

0.10 

0.09 

0.12 

0.10 

0.08 

0.16 

0.13 

0.11 

0.09 

0.08 

0.10 

0.09 

0.077 

0.95 

0.39 

0.25 

0.18 

0.14 

0.23 

0.17 

0.13 

0.46 

0.27 

0.19 

0.15 

0.12 

0.18 

0.14 

0.11 

<*These  coefficients  may  be  used  with  sufficient  accuracy  for  wood  lath  and  plaster,  or  plasterboard  and 
plaster  ceilings.  It  is  assumed  that  there  is  an  air  space  between  the  under  side  of  the  roof  deck  and  the 
upper  side  of  the  ceiling. 
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EFFICIENTS  OF  TRANSMISSION  (U)  OF  PITCHED  R 

per  square  foot  per  degree  Fahrenheit  difference  in  temperature  bet 
nd  are  based  on  an  outside  wind  ve  of  15  mph. 
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CHAPTER  3.     HEAT  TRANSMISSION  COEFFICIENTS  AND  TABLES 


TABLE  13.    COEFFICIENTS  OF  TRANSMISSION  (Z7)  OF  DOORS,  WINDOWS,  SKYLIGHTS 
AND  GLASS  BLOCK  WALLS 

Coefficients  are  based  on  a  wind  velocity  of  15  mph,  and  are  expressed  in  Btu  per  hour  per  square  foot  per 
degree  Fahrenheit  difference  in  temperature  bet-ween  the  air  inside  and  outside  of  the  door,  window,  skylight  or  wall 

Section  A .  Windows  and  Skylights ___ 


DESCRIPTION 


U 


Single  

1.13s,  c  * 

Double  

0.450.  « 

Triple  

0.281ff.  e 

Section  B.  Solid  Wood  Doorsb> c 


NOMINAL 
THICKNESS 
INCHES 

ACTUAL 
THICKNESS 
INCHES 

u 

EXPOSED  Doos 

U* 
WITH  GLASS  STORM  DOOR 

1 

% 

0.69 

0.42 

1J€ 

iHe 

0.59. 

0.38 

l  J^ 

15/LG 

0.52 

0.35 

Ui 

1% 

0.51 

0.35 

2 

IJl? 

0.46 

0.32 

2H 

2  I/ 
To 

0.38 

0.28 

3 

&A 

0.33 

0.25 

Section  C.    Hollow  Glass  Block  Walls 


DESCRIPTION 

U 
STILL  AIR 
BOTH  SIDES 

U 
STILL  AIR  INSIDE, 
15  MPH  OUTSIDE 

Smooth  surface  glass  blocks  7  %  x  7%  x  3J6  in-  thick 
Ribbed  surface  glass  blocks  7M  x  7%  x  3%  in.  thick 

0.40 
0.38 

0.49 
0.46 

°See  Heating,  Ventilating  and  Air  Conditioning,  by  Harding  and  Willard,  revised  edition,  1932. 

''Computed  using  C  =  1.15  for  wood;/!  =  1.65  and/0  =  6.0. 

clt  is  sufficiently  accurate  to  use  the  same  coefficient  of  transmission  for  doors  containing  thin  wood 
panels  as  that  of  single  panes  of  glass,  namely,  1.13  Btu  per  hour  per  square  foot  per  degree  difference 
between  inside  and  outside  air  temperatures. 

dThese  values  may  also  be  used  with  sufficient  accuracy  for  wood  storm  doors.  Neglect  storm  doors 
if  loose  and  use  values  for  exposed  doors. 

•Air  spaces  assumed  to  be  K  in.  or  more  in  width. 

coefficient  of  transmission  of  a  top  floor  ceiling,  unheated  attic  space,  and 
pitched  roof,  per  square  foot  of  ceiling  area,  is  as  follows: 

UT  X    Z7ce 
U  =   Ur  +   0£?  ») 

where 

U  =  combined  coefficient  to  be  used  with  ceiling  area. 
UT  =  coefficient  of  transmission  of  the  roof. 
C/ce  =  coefficient  of  transmission  of  the  ceiling. 
n  —  the  ratio  of  the  area  of  the  roof  to  the  area  of  the  ceiling. 

Stating  the  formula  in  terms  of  the  total  heat  resistance  of  the  ceiling 
and  roof, 

1        „        l     ,        1 


In  selecting  the  values  to  be  used  for  Z7r  and  Z7ce  it  should  be  noted 
that  the  under  surface  of  the  roof  and  the  upper  surface  of  the  ceiling  are 
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more  nearly  equivalent  to  the  boundary  surfaces  of  an  internal  air  space 
than  they  are  to  the  external  surfaces  of  a  wall.  It  would  be  more  nearly 
correct  to  use  a  value  of  2.2  rather  than  the  usual  value  of  1.65  as  coef- 
ficients for  these  surfaces.  In  most  cases  this  would  make  only  a  minor 
change  in  Z7.  It  should  be  noted  that  the  over-all  coefficient  should  be 
multiplied  by  the  ceiling  and  not  the  roof  area. 

If  the  unheated  attic  space  between  the  roof  and  ceiling  has  no  dormers, 
windows  or  vertical  wall  spaces  the  combined  coefficients  may  be  used 
for  determining  the  heat  loss  through  the  roof  construction  between  the 
attic  and  top  floor  ceiling.  If  the  unheated  attic  contains  windows  and 
vertical  wall  spaces  these  must  be  taken  into  consideration  in  calculating 
the  roof  area  and  also  its  coefficient  Z7r.  In  this  case  an  approximate 
value  of  Ur  may  be  obtained  as  the  summation  of  the  coefficient^  each 
individual  section  such  as  the  roof,  vertical  walls  or  windows  times  its 
percentage  of  total  area.  This  coefficient  may  be  used  with  reasonable 
accuracy  in  the  above  formulae.  If,  however,  there  are  roof  ventilators 
such  that  the  attic  air  is  substantially  at  outside  temperature,  then  the 
roof  should  be  neglected  and  only  the  coefficient  for  the  top  floor  ceiling 
construction  used. 

Basements  and  Unheated  Rooms 

The  heat  loss  through  floors  into  basements  and  into  unheated  rooms 
kept  closed  may  be  computed  by  assuming  a  temperature  for  these  rooms 
of  32  F.  The  coefficients  of  transmission  for  concrete  floors  on  ground 
(Table  10)  are  based  on  the  assumption  that  the  heat-resisting  value  of 
the  floor  extends  downward  and  stops  at  the  under  side  of  the  concrete. 
It  is  probable,  however,  that  the  dirt  underneath  has  some  heat-resistance 
value  extending  to  a  considerable  depth,  which  would  result  in  substan- 
tially lower  heat  transmission  coefficients  than  given  in  Table  10.  This 
problem  is  now  the  subject  of  research.  Additional  information  on  the 
inside  and  outside  temperatures  to  be  used  in  heat  loss  calculations  is 
given  in  Chapter  5. 

CONDENSATION  IN  BUILDINGS 

The  water  vapor  or  moisture  mixed  with  the  air  in  buildings  will  be 
transmitted  through  many  types  of  building  construction  if  there  is  a 
difference  in  the  vapor  pressures  on  the  two  sides  of  the  structure.  Such 
water  vapor  will  also  condense  whenever  it  comes  in  contact  wkh  surfaces 
or  objects  at  or  below  the  dew-point  temperature.  Thus  two  types  of 
condensation  problems  are  encountered  in  building  practice,  namely 
(1)  Surface  condensation  or  condensation  on  the  interior  building  surfaces 
including  the  walls,  ceiling  (or  roof)  and  glass,  and  (2)  Interstitial  con- 
densation or  the  transmittance  of  the  vapor  through  the  building  materials 
and  condensation  of  the  moisture  on  surfaces  or  voids  within  the  materials 
of  construction. 

Condensation  within  the  construction  as  well  as  condensation  on  the 
interior  surfaces  does  not  necessarily  occur  in  all  buildings  but  only  in 
isolated  cases  when  conditions  conducive  to  such  condensation  exist.  The 
probability  of  condensation  increases  with  the  relative  humidity  or  vapor 
pressure  and  with  the  temperature  difference  and,  in  the  case  of  inter- 
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stitial  condensation,  decreases  with  the  vapor  resistance  on  the  warm 
side  of  the  wall. 

Condensation  on  interior  building  surfaces5  (surface  condensation)  may 
be  eliminated  by  either  reducing  the  relative  humidity  or  by  maintaining 
the  interior  surfaces  at  or  above  the  dew-point  temperature.  Permissible 
relative  humidities  for  various  wall,  roof  or  glass  coefficients  and  tempera- 
ture differences  may  be  determined  from  Fig.  2.  The  permissible  relative 
humidity  for  any  specific  type  of  construction  may  be  determined  by 
first  ascertaining  the  coefficient  of  transmission  (Z7)  of  the  construction 
and  then  locating  this  coefficient  on  the  horizontal  scale  of  Fig.  2.  A 
vertical  line  drawn  to  the  proper  outside  temperature  curve  and  then  to 
the  left  hand  scale  will  indicate  the  permissible  relative  humidity  for  the 
conditions  involved.  The  dotted  line  shown  in  Fig.  2  indicates  the  per- 
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WALL,  ROOF  OR  GLASS  COEFFICIENT  (U) 
FIG.  2.    PERMISSIBLE  RELATIVE  HUMIDITIES  FOR  VARIOUS  TRANSMISSION  COEFFICIENTS 

missible  relative  humidity  (64  per  cent)  if  surface  condensation  is  to  be 
avoided,  for  a  frame  wall  having  a  coefficient  of  0.26  and  for  an  outside 
temperature  of  — 10  F. 

Condensation  within  the  construction  may  likewise  be  prevented  by 
eliminating  the  moisture  at  the  source  or  by  providing  a  barrier  on  the 
warm  side  of  the  insulation  construction.  A  good  vapor  barrier  con- 
struction may  be  obtained  with  a  vapor-proof  paper  properly  applied 
under  the  plaster  or  a  vapor-proof  finish  on  the  interior  surface  of  the 
wall6.  In  the  case  of  attics,  the  greater  the  heat  resistance  in  the  top 
floor  ceiling,  the  lower  the  attic  temperature  and  consequently  the 

sPermissible  Relative  Humidities  in  Humidified  Buildings,  by  Paul  D.  Close  (A.S.H.V.E.  JOURNAL 
SECTION,  Heating,  Piling  and  Air  Conditioning,  December,  1939,  p.  766). 

Condensation  within  Walls,  by  F.  B.  Rowley,  A.  B.  Algren  and  C.  E.  Lund  (A.S.H.V.E.  TRANSACTIONS, 
Vol.44,  1938,  p.  95). 
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greater  the  tendency  for  condensation  to  take  place  on  the  under  side  of 
the  roof  boards  which  moisture  will  drop  on  to  the  ceiling.  Thus  where 
thick  insulations  are  installed  between  ceiling  joists,  it  is  desirable  to  allow 
openings  for  outside  air  circulation  through  attic  space  as  a  precaution 
against  condensation  on  the  underside  of  the  roof  even  though  barriers 
are  used  in  the  ceiling  below. 
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Chapter  4 

AIR  LEAKAGE 

Nature  of  Air  Infiltration,  Infiltration  Through  Walls,  Window 

Leakage,   Door  Leakage,   Selection  of  Wind   Velocity,    Crack 

Length  used  for  Computations,  Multi-Story  Buildings,  Heat 

Equivalent  of  Air  Infiltration 

AIR  leakage  losses  are  those  resulting  from  the  displacement  of  heated 
air  in  a  building  by  unheated  outside  air,  the  interchange  taking 
place  through  various  apertures  in  the  building,  such  as  cracks  around 
doors  and  windows,  fireplaces  and  chimneys.    This  leakage  of  air  must  be 
considered  in  heating  and  cooling  calculations.    (See  Chapters  5  and  6.) 

NATURE  OF  AIR  INFILTRATION 

The  natural  movement  of  air  through  building  construction  is  due  to 
two  causes.  One  is  the  pressure  exerted  by  the  wind;  the  other  is  the 
difference  in  density  of  outside  and  inside  air  because  of  differences  in 
temperature. 

The  wind  causes  a  pressure  to  be  exerted  on  one  or  two  sides  of  a 
building.  As  a  result,  air  comes  into  the  building  on  the  windward  side 
through  cracks  or  porous  construction,  and  a  similar  quantity  of  air 
leaves  on  the  leeward  side  through  like  openings.  In  general  the  resis- 
tance to  air  movement  is  similar  on  the  windward  to  that  on  the  leeward 
side.  This  causes  a  building  up  of  pressure  within  the  building  and  a 
lesser  air  leakage  than  that  experienced  in  single  wall  tests  as  determined 
in  the  laboratory.  It  is  assumed  that  actual  building  leakages  owing  to 
this  building  up  of  pressure  will  be  80  per  cent  of  laboratory  test  values. 
While  there  are  cases  where  this  is  not  true,  tests  in  actual  buildings 
substantiate  the  factor  for  the  general  case.  Mechanical  ventilating 
systems  are  frequently  designed  to  produce  positive  or  negative  pressures 
in  an  enclosure  which  are  greater  or  lower  than  prevalent  wind  pressures. 
In  such  designs,  if  the  rate  at  which  air  is  specified  to  be  introduced  to  or 
removed  from  the  enclosure  by  positive  means  exceeds  the  infiltration 
rate,  it  is  common  practice  to  use  the  greater  value  in  determining  the 
heating  capacity  to  warm  the  outside  air. 

The  air  exchange  owing  to  temperature  difference,  inside  to  outside,  is 
not  appreciable  in  low  buildings.  In  tall,  single  story  buildings  with 
openings  near  the  ground  level  and  near  the  ceiling,  this  loss  must  be 
considered.  Also  in  multi-story  buildings  it  is  a  large  item  unless  the 
sealing  between  various  floors  and  rooms  is  quite  perfect.  This  tempera- 
ture effect  is  a  chimney  action,  causing  air  to  enter  through  openings  at 
lower  levels  and  to  leave  at  higher  levels. 
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A  complete  study  of  all  of  the  factors  involved  in  air  movement  through 
building  constructions  would  be  very  complex.  Some  of  the  complicating 
factors  are:  the  variations  in  wind  velocity  and  direction;  the  exposure  of 
the  building  with  respect  to  air  leakage  openings  and  wi th^ respect _  to 
adjoining  buildings;  the  variations  in  outside  temperatures  asjnfluencing 
the  chimney  effect;  the  relative  area  and  resistance  of  openings  on  the 
windward  and  leeward  sides  and  on  the  lower  floors  and  on  the  upper 
floors;  the  influence  of  a  planned  air  supply  and  the  related  outlet  vents; 
and  the  variation  from  the  average  of  individual  building  units.  A  study 
of  infiltration  points  to  the  need  for  care  in  the  obtaining  of  good  building 
construction,  or  unnecessarily  large  heat  losses  will  result. 

INFILTRATION  THROUGH  WALLS 

Table  1  gives  data  on  infiltration  through  brick  and  frame  walls.  The 
brick  walls  listed  in  this  table  are  walls^  which  show  poor  workmanship 
and  which  are  constructed  of  porous  brick  and  lime  mortar.  For  good 
workmanship,  the  leakage  through  hard  brick  walls  with  cement-lime 
mortar  does  not  exceed  one-third  the  values  given.  These  tests  indicate 
that  plastering  reduces  the  leakage  by  about  96  per  cent;  a  heavy  coat  of 
cold  water  paint,  50  per  cent;  and  3  coats  of  oil  paint  carefully  applied, 
28  per  cent.  The  infiltration  through  walls  ranges  from  6  to  25  per  cent 
of  that  through  windows  and  doors  in  a  10-story  office  building,  with 
imperfect  sealing  of  plaster  at  the  baseboards  of  the  rooms.  With  perfect 
sealing  the  range  is  from  0.5  to  2.7  per  cent  or  a  practically  negligible 
quantity,  which  indicates  the  importance  of  good  workmanship  in  proper 
sealing  at  the  baseboard.  It  will  be  noted  from  Table  1,  that  the  in- 
filtration through  properly  plastered  walls  can  be  neglected. 

The  value  of  building  paper  when  applied  between  sheathing  and 
shingles  is  indicated  by  Fig.  1,  which  represents  the  effect  on  outside 
construction  only,  without  lath  and  plaster.  The  effectiveness  of  plaster 
properly  applied  is  no  justification  for  the  use  of  low  grade  building  paper 
or  of  the  poor  construction  of  the  wall  containing  it.  Not  only  is  it 

TABLE  1.   INFILTRATION  THROUGH  WALLS'* 

Expressed  in  cubic  feet  per  square  foot  per  hour 


TYPE  OF  WALL 

WIND  VELOCITT,  MILHS  PUB  HOUB 

5 

10 

is 

20 

25 

30 

ftM  in.  Brick  WalL_{g|»^ 

1.75 
0.017 

4.20 
0.037 

7.85 
0.066 

12.2 
0.107 

18.6 
0.161 

22.9 
0.236 

13  in.  Brick  Wall   ....  iSai?"  ~T~ 

1.44 
0.005 

3.92 
0.013 

7.48 
0.025 

11.6 
0.043 

16.3 
0.067 

21.2 
0.097 

j.o       uni^.  wan  \Plastered  

Frame  Wall,  with  lath  and  plasterb 

0.03 

0.07 

0.13 

0.18 

0.23 

0.26 

ftThe  values  given  in  this  table  are  20  per  cent  less  than  test  values  to  allow  for  building  up  of  pressure 
in  rooms  and  are  based  on  test  data  reported  in  the  papers  listed  at  the  end  of  this  chapter. 

fcWall  construction:  Bevel  siding  painted  or  cedar  shingles,  sheathing,  building  paper,  wood  lath  and 
3  coats  gypsum  plaster. 
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INFILTRATION,  CFH  PER  SQ  FT  OF  WALL 
FIG.  1,  INFILTRATION  THROUGH  VARIOUS  TYPES  OF  SHINGLE  CONSTRUCTION 

difficult  to  secure  and  maintain  the  full  effectiveness  of  the  plaster  but 
also  it  is  highly  desirable  to  have  two  points  of  high  resistance  to  air  flow 
with  an  air  space  between  them. 

The  amount  of  infiltration  that  may  be  expected  through  single  walls 
in  farm  and  other  shelter  buildings,  is  shown  in  Fig.  2.  The  infil- 
tration indicated  in  Figs.  1  and  2  is  that  determined  in  the  laboratory  and 
should  be  multiplied  by  the  factor  0.80  to  give  proper  working  values. 


0.45 
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INFILTRATION,  CFH  PER  SQ  FT  OF  WALL 


FIG.  2.  INFILTRATION  THROUGH  SINGLE  SURFACE  WALLS  USED  IN  FARM  AND 
OTHER  SHELTER  BUILDINGS 
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TABLE  2.    INFILTRATION  THROUGH  WINDOWS 

Expressed  in  Cubic  Feet  per  Foot  of  Crack  per  Hour* 


TYPE  or  WINDOW 

REMAKES 

WIND  VELOCITY,  MILES  PER  HOUR 

5 

10 

15 

20 

25 

30 

Double-Hung 
Wood  Sash 
Windows 
(Unlocked) 

Around  frame  in  masonry  wall  —  not  calkedb 

3.3 

8.2 

14.0 

20.2 

27.2 

34.6 

Around  frame  in  masonry  wall  —  calked^  

0.5 

1.5 

2.6 

3.8 

4.8 

5.8 

Around  frame  in  wood  frame  construction^.... 

2.2 

6.2 

10.8 

16.6 

23.0 

30.3 

Total  for  average  window,  non-weather- 
stripped,  Ke-in.  crack  and  %-in.  clearances 
Includes  wood  frame  leakage**.  

6.6 

21.4 

39.3 

59.3 

80.0 

103.7 

Ditto,  weatherstrippedd  

4.3 

13.0 

23.6 

35.5 

48.6 

63.4 

Total  for  poorly  fitted  window,  non-weather- 
stripped,  5^-in.  crack  and  3£-in.  clearances 
Includes  wood  frame  leakage**  

26,9 

69.0 

110.5 

153.9 

199.2 

249.4 

Ditto,  weatherstrippedd  

5.9 

18.9 

34.1 

51.4 

70.5 

91.5 

Double-Hung 

Metal 
Windowsf 

Non-weatherstripped,  locked..-  
Non-weatheratripped,  unlocked.  
Weatherstripped,  unlocked.  

20 
20 
6 

45 
47 
19 

70 
74 
32 

96 
104 
46 

125 
137 
60 

154 
170 
76 

Rolled 
Section 
Steel 
Sash 
Windowsk 

Industrial  pivoted,  J^-ia.  cracks.  _  
Architectural  projected,  V^-in.  crackh  
Architectural  projected,  5^-in.  crackh...  
Residential  casement,  ^-in.  crackL  ...... 
Residential  casement,  J^-in.  crack*  
Heavy  casement  section,  projected,  J^-in. 
crackJ  _  

52 
15 
20 
6 
14 

3 

8 

108 
36 
52 
18 
32 

10 

24 

176 
62 
88 
33 
52 

18 
38 

244 
86 
116 
47 
76 

26 
54 

304 
112 
152 
60 
100 

36 
72 

372 
139 

182 
74 
128 

4# 
92 

Heavy  casement  section,  projected  J/^-in. 
crackJ  _  m 

Hollow  Metal,  vertically  pivoted  window*.  

30 

88 

145 

186 

221 

242 

»The  values  given  in  this  table,  with  the  exception  of  those  for  double-hung  and  hollow  metal  windows, 
are  20  per  cent  less  than  test  values  to  allow  for  building  up  of  pressure  in  rooms,  and  are  based  on  test  data 
reported  in  the  papers  listed  at  the  end  of  this  chapter, 

m  bThe  values  given  for  frame  leakage  are  per  foot  of  sash  perimeter  aa  determined  for  double-hung  wood 
windows.  Some  of  the  frame  leakage  in  masonry  walls  originates  in  the  brick  wall  itself  and  cannot  be 
prevented  by  calking.  For  the  additional  reason  that  calking  is  not  done  perfectly  and  deteriorates  with 
time,  it  is  considered  advisable  to  choose  the  masonry  frame  leakage  values  for  calked  frames  as  the  average 
determined  by  the  calked  and  not-calked  tests. 

cThe  fit  of  the  average  double-hung  wood  window  was  determined  as  ^-in.  crack  and  &-in.  clearance  by 
measurements  on  approximately  600  windows  under  heating  season  conditions. 

dThe  values  given  are  the  totals  for  the  window  opening  per  foot  of  sash  perimeter  and  include  frame 
leakage  and  so-called  elsewhere  leakage.  The  frame  leakage  values  included  are  for  wood  frame  construction 
but  apply  as  well  to  masonry  construction  assuming  a  50  per  cent  efficiency  of  frame  calking, 

»A  %2-in.  crack  and  clearance  represents  a  poorly  fitted  window,  much  poorer  than  average. 

'Windows  tested  in  place  in  building. 

elndustrial  pivoted  window  generally  used  in  industrial  buildings.  Ventilators  horizontally  pivoted 
at  center  or  slightly  above,  lower  part  swinging  out. 

^  ^Architectural  projected  made  of  same  sections  as  industrial  pivoted  except  that  outside  framing  member 
is  heavier,  and  it  has  refinements  in  weathering  and  hardware.  Used  in  semi-monumental  buildings  such  as 
schools.  Ventilators  swing  in  or  out  and  are  balanced  on  side  arms.  ^-in.  crack  is  obtainable  in  the  best 
practice  of  manufacture  and  installation,  %-in.  crack  considered  to  represent  average  practice. 
_  iOf  same  design  and  section  shapes  as  so-called  heavy  section  casement  but  of  lighter  weight.  UJ-ln.  crack 
is  obtainable  m  the  best  practice  of  manufacture  and  installation,  J^-in.  crack  considered  to  represent  average 
practice. 

^  jMade  of  heavy  sections.  Ventilators  swing  in  or  out  and  stay  set  at  any  degree  of  opening,  ki-in.  crack 
is  obtainable  in  the  best  practice  of  manufacture  and  installation,  J^-in,  crack  considered  to  represent 
average  practice. 

kWith  reasonable  care  in  installation,  leakage  at  contacts  where  windows  are  attached  to  steel  frame- 
W?J?  *n1rat  mulu°1ns.  is  negligible.  With  5&-in.  crack,  representing  poor  installation,  leakage  at  contact 
with  steel_  framework  is  about  one-third,  and  at  mullions  about  one-sixth  of  that  given  for  industrial  pivoted 
windows  in  the  table. 
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WINDOW  LEAKAGE 

The  amount  of  infiltration  for  various  types  of  windows  is  given  in 
Table  2.  The  fit  of  double-hung  wood  windows  is  determined  by  crack 
and  clearance.  Crack  thickness  is  equivalent  to  one-half  the  difference 
between  the  inside  window  frame  dimension  and  the  outside  ^sash  width. 
The  difference  between  the  width  of  the  window  frame  guide  and  the 
sash  thickness  is  considered  as  the  clearance.  The  length  of  the  perimeter 
opening  or  crack  for  a  double-hung  window  is  equal  to  three  times  the 
width  plus  two  times  the  height,  or  in  other  words,  it  is  the  outer  sash 

¥srimeter  length  plus  the  meeting  rail  length.  Values  of  leakage  shown  in 
able  2  for  the  average  double-hung  wood  window  were  determined  by 
setting  the  average  measured  crack  and  clearance  found  in  a  field  survey 
of  a  large  number  of  windows  on  nine  windows  tested  in  the  laboratory. 
In  addition,  the  table  gives  figures  for  a  poorly  fitted  window.  All  of  ^the 
figures  for  double-hung  wood  windows  are  for  the  unlocked  condition. 
Just  how  a  window  is  closed,  or  fits  when  it  is  closed,  has  considerable 
influence  on  the  leakage.  The  leakage  will  be  high  if  the  sash  are  short, 
if  the  meeting  rail  members  are  warped,  or  if  the  frame  and  sash  are  not 
fitted  squarely  to  each  other.  It  is  possible  to  have  a  window  with 
approximately  the  average  crack  and  clearance  that  will  have  a  leakage 
at  least  double  that  of  the  figures  shown.  Values  for  the  average  double- 
hung  wood  window  in  Table  2  are  considered  to  be  easily  obtainable 
figures  provided  the  workmanship  on  the  window  is  good.  Should  it  be 
known  that  the  windows  under  consideration  are  poorly  fitted,  the  larger 
leakage  values  should  be  used.  Locking  a  window  generally  decreases  its 
leakage,  but  in  some  cases  may  push  the  meeting  rail  members  apart  and 
increase  the  leakage.  On  windows  with  large  clearances,  locking  will 
usually  reduce  the  leakage. 

Wood  casement  windows  may  be  assumed  to  have  the  same  unit 
leakage  as  for  the  average  double-hung  wood  window  when  properly 
fitted.  Locking,  a  normal  operation  in  the  closing  of  this  type  of  window, 
maintains  the  crack  at  a  low  value. 

For  metal  pivoted  sash,  the  length  of  crack  is  the  total  perimeter  of  the 
movable  or  ventilating  sections.  Frame  leakage  on  steel  windows  may^be 
neglected  when  they  are  properly  grouted  with  cement  mortar  into  brick 
work  or  concrete.  When  they  are  not  properly^  sealed,  the  linear  feet  of 
sash  section  in  contact  with  steel  work  at  mullions  should  be  figured  at 
25  per  cent  of  the  values  for  industrial  pivoted  windows  as  given  in 
Table  2. 

When  storm  sash  are  applied  to  well  fitted  windows,  very  little  re- 
duction in  infiltration  is  secured,  but  the  application  of  the  sash  does  give 
an  air  space  which  reduces  the  heat  transmission  and  helps  prevent  the 
frosting  of  the  windows.  When  storm  sash  are  applied  to  poorly  fitted 
windows,  a  reduction  in  leakage  of  50  per  cent  may  be  secured. 

DOOR  LEAKAGE 

Doors  vary  greatly  in  fit  because  of  their  large  size  and  tendency  to 
warp.  For  a  well  fitted  door,  the  leakage  values  for  a  poorly  fitted  double- 
hung  wood  window  may  be  used.  If  poorly  fitted,  twice  this  figure  should 
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be  used.  If  weatherstripped,  the  values  may  be  reduced  one-half.  A 
single  door  which  is  frequently  opened,  such  as  might  be  found  in  a  store, 
should  have  a  value  applied  which  is  three  times  that  for  a  well  fitted 
door.  This  extra  allowance  is  for  opening  and  closing  losses  and  is  kept 
from  being  greater  by  the  fact  that  doors  are  not  used  as  much  in  the 
coldest  and  windiest  weather. 

The  infiltration  rate  through  swinging  and  revolving  doors  is  generally 
a  matter  of  judgment  by  the  engineer  making  cooling  load  determinations 
and  in  the  absence  of  adequate  research  data  the  values  given  in  Table  3 
represent  current  engineering  practice.  These  values  are  based  on  the 
average  number  of  persons  in  a  room  at  a  specified  time,  which  may  also 
be  the  same  occupancy  assumed  for  determining  the  outside  ventilation 
requirements  outlined  in  Chapters  2  and  6. 

TABLE  3.    INFILTRATION  THROUGH  OUTSIDE  DOORS  FOR  COOLING  LoADsa 
Expressed  in  Cubic  Feet  per  Minute  per  Person  in  Room 


APPLICATION 

PAIR  36  IN.  SWINGING 
DOORS,  SINGLE 

ENTRANCE** 

Bank  

7.5 

Barber  Shop  .    . 

4.5 

Broker's  Office  

7  0 

Candy  and  Soda  

6.0 

Cigar  Store.  .... 

25.0 

Department  Store  

8  0 

Dress  Shop 

2  5 

Drug  Store  

7  0 

Furrier  

2  5 

Hospital  Room  . 

3  5 

Lunch  Room  

5.0 

Men's  Shop  

3  5 

Office  

3  0 

Office  Building,..  
Public  Building  

2.0 
2  5 

Restaurant  
Shoe  Store  

2.5 
3  5 

•For  doors  located  in  only  one  wall  or  where  doors  in  other  walls  are  of  revolving  type. 
•bVestibules  with  double  pair  swinging  doors,  infiltration  may  be  assumed  75  per  cent  of  swinging 
door  values. 

Infiltration  for  72  in.  revolving  doors  may  be  assumed  60  per  cent  of  swinging  door  values. 

SELECTION  OF  WIND  VELOCITY 

Although  all  authorities  do  not  agree  upon  the  value  of  the  wind  veloc- 
ity that  should  be  chosen  for  any  given  locality,  it  is  common  engineering 
practice  to  use  the  average  wind  velocity  during  the  three  coldest  months 
of  the  year.  Average  wind  velocities  for  the  months  of  December, 
January  and  February  for  various  cities  in  the  United  States  and  Canada 
are  given  in  Table  2,  Chapter  5. 

In  considering  both  the  transmission  and  infiltration  losses,  the  more 
exact  procedure  would  be  to  select  the  outside  temperature  and  the  wind 
velocity  corresponding  thereto,  based  on  Weather  Bureau  records,  which 
would  result  in  the  maximum  heat  demand.  Since  the  proportion  of 
transmission  and  infiltration  losses  varies  with  the  construction  and  is 
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different  for  every  building,  the  proper  combination  of  temperature  and 
wind  velocity  to  be  selected  would  be  different  for  every  type  of  building, 
even  in  the  same  locality.  Furthermore,  such  a  procedure  would  necessi- 
tate a  laborious  cut-and-try  process  in  every  case  in  order  to  determine 
the  worst  combination  of  conditions  for  the  building  under  consideration. 
It  would  also  be  necessary  to  consider  heat  lag  due  to  heat  capacity  in  the 
case  of  heavy  masonry  walls,  and  other  factors,  to  arrive  at  the  most 
accurate  solution  of  the  problem.  Although  heat  capacity  should  be  con- 
sidered wherever  possible,  it  is  seldom  possible  to  accurately  determine  the 
worst  combination  of  outside  temperature  and  wind  velocity  for  a  given 
building  and  locality.  The  usual  procedure,  with  modification  explained 
in  Chapter  5,  is  to  select  an  outside  temperature  which  is  not  more  than 
15  F  above  the  lowest  recorded,  and  the  average  wind  velocity  during 
the  months  of  December,  January  and  February, 

The  direction  of  prevailing  winds  may  usually  be  included  within  an 
angle  of  about  90  deg.  The  windows  that  are  to  be  figured  for  prevailing 
and  non-prevailing  winds  will  ordinarily  each  occupy  about  one-half  the 
perimeter  of  the  structure,  the  proportion  varying  to  a  considerable  extent 
with  the  plan  of  the  structure.  (See  discussion  of  wind  movement  in 
Chapter  41  and  Table  2  in  Chapter  5.) 

CRACK  LENGTH  USED  FOR  COMPUTATIONS 

In  no  case  should  the  amount  of  crack  used  for  computation  be  less 
than  half  of  the  total  crack  in  the  outside  walls  of  the  room.  Thus,  in  a 
room  with  one  exposed  wall,  take  all  the  crack;  with  two  exposed  walls, 
take  the  wall  having  the  most  crack;  and  with  three  or  four  exposed  walls, 
take  the  wall  having  the  most  crack;  but  in  no  case  take  less  than  half  the 
total  crack.  For  a  building  having  no  partitions,  whatever  wind  enters 
through  the  cracks  on  the  windward  side  must  leave  through  the  cracks 
on  the  leeward  side.  Therefore,  take  one-half  the  total  crack  for  com- 
puting each  side  and  end  of  the  building. 

The  amount  of  air  leakage  is  sometimes  roughly  estimated  by  assuming 
a  certain  number  of  air  changes  per  hour  for  each  room,  the  number  of 
changes  assumed  being  dependent  upon  the  type,  use  and  location  of  the 
room,  as  indicated  in  Table  4.  This  method  may  be  used  to  advantage  as 
a  check  on  the  calculations  made  in  the  more  exact  manner. 

MULTI-STORY  BUILDINGS 

In  tall  buildings,  infiltration  may  be  considerably  influenced  by  tem- 
perature difference  or  chimney  effect  which  will  operate  to  produce  a 
head  that  will  add  to  the  effect  of  the  wind  at  lower  levels  and  subtract 
from  it  at  higher  levels.  On  the  other  hand,  the  wind  velocity  at  lower 
levels  may  be  somewhat  abated  by  surrounding  obstructions.  Further- 
more, the  chimney  effect  is  reduced  in  multi-story  buildings  by  the  partial 
isolation  of  floors  preventing  free  upward  movement,  so  that  wind  and 
temperature  difference  may  seldom  cooperate  to  the  fullest  extent. 
Making  the  rough  assumption  that  the  neutral  zone  is  located  at  mid- 
height  of  a  building,  and  that  the  temperature  difference  is  70  F,  the 
following  formulae  may  be  used  to  determine  an  equivalent  wind  velocity 
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TABLE  4.      AIR  CHANGES  TAKING  PLACE  UNDER  AVERAGE  CONDITIONS  EXCLUSIVE 
OF  AIR  PROVIDED  FOR  VENTILATION 


KIND  OP  ROOM  OR  BUILDING 

NUMBER  OP  AIR  CHANGES 
TAKING  PLACE 
PER  HOUR 

Rooms,  1  side  exposed  

1 

Rooms,  2  sides  exposed 

iu 

Rooms,  3  sides  exposed                     

2 

Rooms,  4  sides  exposed 

2 

Rooms  with  no  windows  or  outside  doors 

Hto  % 

Entrance  Halls._  

2  to  3 

Reception  Halls 

2 

Living  Rooms  
Dining  Rooms  

I  to  2 
Ito  2 

Bath  Rooms  . 

2 

Drug  Stores  .                   

2  to  3 

Clothing  Stores 

1 

Churches,  Factories,  Lofts,  etc. 

J^to  3 

to  be  used  in  connection  with  Tables  1  and  2  that  will  allow  for  both  wind 
velocity  and  temperature  difference: 


t  =  V  Mz  -  1.75  a  (1) 


Afe  =  V  M2  +  1.75  b  (2) 

where 

MQ  =  equivalent  wind  velocity  to  be  used  in  conjunction  with  Tables  1  and  2. 
M  =  wind  velocity  upon  which  infiltration  would  be  determined  if  tem- 
perature difference  were  disregarded. 
a  —  distance  of  windows  under  consideration  from  mid-height  of  building 

if  above  mid-height. 
b  =  distance  if  below  mid-height. 

The  coefficient  1.75  allows  for  about  one-half  the  temperature  difference  head. 

For  buildings  of  unusual  height,  Equation  1  would  indicate  negative 
infiltration  at  the  highest  stories,  which  condition  may,  at  times,  actually 
exist. 

Sealing  of  Vertical  Openings 

In  tall,  multi-story  buildings,  every  effort  should  be  made  to  seal  off 
vertical  openings  such  as  stair-wells  and  elevator  shafts  from  the  re- 
mainder of  the  building.  Stair-wells  should  be  equipped  with  self-closing 
doors,  and  in  exceptionally  high  buildings,  should  be  closed  off  into 
sections  of  not  over  10  floors  each.  Plaster  cracks  should  be  filled. 
Elevator  enclosures  should  be  tight  and  solid  doors  should  be  used. 

If  the  sealing  of  the  vertical  openings  is  made  effective,  no  allowance 
need  be  made  for  the  chimney  effect.  Instead,  the  greater  wind  move- 
ment at  the  greater  heights  makes  it  advisable  to  install  additional  heating 
surface  on  the  upper  floors  above  the  level  of  neighboring  buildings,  this 
additional  surface  being  increased  as  the  height  is  increased.  One 
arbitrary  rule  is  to  increase  the  heating  surface  on  floors  above  neighboring 
buildings  by  an  amount  ranging  from  5  per  cent  to  20  per  cent.  This  extra 
heating  surface  is  required  only  on  the  windward  side  and  on  windy  days, 
and  hence  automatic  temperature  control  is  especially  desirable  with  such 
installations. 
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In  stair-wells  that  are  open  through  many  floor  levels  although  closed 
off  from  the  remainder  of  each  floor  by  doors  and  partitions,  the  strati- 
fication of  air  makes  it  advisable  to  increase  the  amount  of  heating  surface 
at  the  lower  levels  and  to  decrease  the  amount  at  higher  levels  even  to  the 
point  of  omitting  all  heating  surface  on  the  top  several  floor  levels.  One 
rule  is  to  calculate  the  heating  surface  of  the  entire  stair-well  in  the  usual 
way  and  to  place  50  per  cent  of  this  in  the  bottom  third,  the  normal 
amount  in  the  middle  third  and  the  balance  in  the  top  third. 

HEAT  EQUIVALENT  OF  AIR  INFILTRATION 
Sensible  Heat  Loss 

The  heat  required  to  warm  cold  outside  air,  which  enters  a  room  by 
infiltration,  to  the  temperature  of  the  room  is  given  by  the  equation: 

Hs  =  0.24  Qdfa-  to)  (3) 

where 

Hs  ~  heat  required  to  raise  temperature  of  air  leaking  into  building  from  /0  to  t{ 

Btu  per  hour. 
0.24  =  specific  heat  of  air. 

Q  =  volume  of  outside  air  entering  building,  cubic  feet  per  hour. 
d  —  density  of  air  at  temperature  tQt  pounds  per  cubic  foot. 
ti  =  room  air  temperature,  degrees  Fahrenheit. 
t0  =  outside  air  temperature,  degrees  Fahrenheit. 

Latent  Heat  Loss 

When  it  is  intended  to  add  moisture  to  air  leaking  into  a  room  for  the 
maintenance  of  proper  winter  comfort  conditions,  it  is  necessary  to 
determine  the  heat  equivalent  to  evaporate  the  required  amount  of  water 
vapor,  which  may  be  calculated  by  the  equation: 


where 

Hi  =  heat  required  to  increase  moisture  content  of  air  leaking  into  building  from 

Mo  to  Mi,  Btu  per  hour. 

Q  =  volume  of  outside  air  entering  building,  cubic  feet  per  hour. 
d  =  density  of  air  at  temperature  ft,  pounds  per  cubic  foot. 
Mi  =  vapor  density  of  inside  air,  grains  per  pound  of  dry  air. 
MQ  —  vapor  density  of  outside  air,  grains  per  pound  of  dry  air. 
L  —  latent  heat  of  vapor  at  Mi,  Btu  per  pound. 

It  is  sufficiently  accurate  to  use  d  =  0.075  Ib,  in  which  case  Equation  3 
reduces  to  5  and  if  the  latent  heat  of  vapor  is  assumed  for  general  condi- 
tions as  1060  Btu  per  pound  Equation  4  reduces  to  6. 

Hs  =  0.018  Q  (ti  -  fc)  (5) 

Hi  =  0.0114  Q  (Mi  -  Mo)  (6) 

Changing  the  temperature  and  vapor  subscripts  in  Equations  5  and  6 
to  (t0  —  ti)  and  (Mo  —  Mi)  permits  the  use  of  these  same  formulae  for 
determining  the  sensible  and  latent  heat  gains  due  to  infiltration  in 
cooling  load  computations. 

If  a  building  has  more  than  one  room  which  is  divided  by  interior  walls 
or  partitions,  it  is  sufficiently  accurate  to  use  half  of  the  total  infiltration 
losses  for  determining  the  total  heat  requirements.  Where  buildings 
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4.  Measure  up  net  outside  wall,  glass  and  roof  next  to  heated  spaces,  as  well  as  any 
cold  walls,  floors  or  ceilings  next  to  unheated  space.  Such  measurements  are  made  from 
building  plans,  or  from  the  actual  building. 

5.  Compute  the  heat  transmission  losses  for  each  kind  of  wall,  glass,  floor,  ceiling 
and  roof  in  the  building  by  multiplying  the  heat  transmission  coefficient  in  each  case 
by  the  area  of  the  surface  in  s'quare  feet  and  the  temperature  difference  between  the 
inside  and  outside  air.    (See  Items  1  and  2.) 

6.  Select  unit  values  and  compute  the  heat  equivalent  of  the  infiltration  of  cold  air 
taking  place  around  outside  doors  and  windows.  These  unit  values  depend  on  the  kind  or 
width  of  crack  and  wind  velocity,  and  when  multiplied  by  the  length  of  crack  and  the 
temperature  difference  between  the  inside  and  outside  air,  the  result  expresses  the  heat 
required  to  warm  up  the  cold  air  leaking  into  the  building  per  hour.   (See  Chapter  4.) 

7.  The  sum  of  the  heat  losses  by  transmission  (Item  5)  through  the  outside  wall  and 
glass,  as  well  as  through  any  cold  floors,  ceilings  or  roof,  plus  the  heat  equivalent  (Item  6) 
of  the  cold  air  entering  by  infiltration  represents  the  total  heat  loss  equivalent  for  any 
building. 

Item  7  represents  the  heat  losses  after  the  building  is  heated  and  under 
stable  operating  conditions  in  coldest  weather.  Additional  heat  is 
required  for  raising  the  temperature  of  the  air,  the  building  materials  and 
the  material  contents  of  the  building  to  the  specified  standard  inside 
temperature. 

The  rate  at  which  this  additional  heat  is  required  depends  upon  the 
heat  capacity  of  the  structure  and  its  material  contents  and  upon  the 
time  in  which  these  are  to  be  heated. 

This  additional  heat  may  be  figured  and  allowed  for  as  conditions  re- 
quire, but  inasmuch  as  the  heating  system  proportioned  for  taking  care 
of  the  heat  losses  will  usually  have  a  capacity  about  100  per  cent  greater 
than  that  required  for  average  winter  weather,  and  inasmuch  as  most 
buildings  may  either  be  continuously  heated  or  have  more  time  allowed 

TABLE  1.    WINTER  INSIDE  DRY-BULB  TEMPERATURES  USUALLY  SPECIFIED** 


TYM  OF  BUILDING 


DEG  FAHR 


TYPE  OP  BUILDING 


DBG  FAHB 


SCHOOLS 

Class  rooms 

Assembly  rooms.. 

Gymnasiums 

Toilets  and  baths 

Wardrobe  and  locker  rooms... 

Kitchens 

Dining  and  lunch  rooms 

Playrooms 

Natatoriums 

HOSPITALS— 
Private  rooms- 


Private  rooms  (surgical) 

Operating  rooms 

Wards 

Kitchens  and  laundries 

Toilets 

Bathrooms 


70-72 
68-72 
55-65 

70 
65-68 

66 

65-70 
60-65 

75 


70-72 

70-80 

70-95 

68 


70-80 


THEATERS— 

Seating  space 

Lounge  rooms 

Toilets 

HOTELS — 

Bedrooms  and  baths ._ 

Dining  rooms 

Kitchens  and  laundries 

Ballrooms « 

Toilets  and  service  rooms 

HOMES 

STORES.. 

PUBLIC  BUILDINGS.- 

WARM  AIR  BATHS 

STEAM  BATHS 

FACTORIES  AND  MACHINE  SHOPS.. 
FOUNDRIES  AND  BOILER  SHOPS.... 
PAINT  SHOPS... 


68-72 

68-72 

68 


70 
70 
66 

65-68 
68 

70-72 

65-68 

68-72 

120 

110 

60-65 

50-60 

80 


aThe  most  comfortable  dry-bulb  temperature  to  be  maintained  depends  on  the  relative  humidity  and 
air  motion.  These  three  factors  considered  together  constitute  what  is  termed  the  effective  temperature. 
(See  Chapter  2.) 
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for  heating-up  during  the  few  minimum  temperature  days,  no  allowance 
is  made  except  in  the  size  of  boilers  or  furnaces. 

INSIDE  TEMPERATURES 

The  inside  air  temperature  which  must  be  maintained  within  a  building 
and  which  should  always  be  stated  in  the  heating  specifications  is  under- 
stood to  be  the  dry-bulb  temperature  at  the  breathing  line,  5  ft  above  the 
floor,  or  the  30-in.  line,  and  not  less  than  3  .ft  from  the  outside  walls. 
Inside  air  temperatures,  usually  specified,  vary  in  accordance  with  the  use 
to  which  the  building  is  to  be  put  and  Table  1  presents  values  which  con- 
form with  good  practice. 

The  proper  dry-bulb  temperature  to  be  maintained  depends  upon  the 
relative  humidity  and  air  motion,  as  explained  in  Chapter  2.  In  other 
words,  a  person  may  feel  warm  or  cool  at  the  same  dry-bulb  temperature, 
depending  on  the  relative  humidity  and  air  motion.  The  optimum  winter 
effective  temperature  for  sedentary  persons,  as  determined  at  the  A.S.H. 
V.E.  Research  Laboratory,  is  66  deg. 

According  to  Fig.  6,  Chapter  2,  for  so-called  still  air  conditions,  a 
relative  humidity  of  approximately  50  per  cent  is  required  to  produce  an 
effective  temperature  of  66  deg  when  the  dry-bulb  temperature  is  70  F. 
However,  even  where  provision  is  made  for  artificial  humidification,  the 
relative  humidity  is  seldom  maintained  higher  than  40  per  cent  during  the 
extremely  cold  weather,  and  where  no  provision  is  made  for  humidifica- 
tion, the  relative  humidity  may  be  20  per  cent  or  less.  Consequently,  in 
using  the  figures  listed  in  Table  1,  consideration  should  be  given  to 
whether  provision  is  to  be  made  for  humidification,  and  if  so,  the  actual 
relative  humidity  to  be  maintained. 

Temperature  at  Proper  Level:  In  making  the  actual  heat  loss  compu- 
tations, however,  for  the  various  rooms  in  a  building  it  is  often  necessary 
to  modify  the  temperatures  given  in  Table  1  so  that  the  air  temperature 
at  the  proper  level  will  be  used.  By  air  temperature  at  the  proper  level  is 
meant,  in  the  case  of  walls,  the  air  temperature  at  the  mean  height  be- 
tween floor  and  ceiling;  in  the  case  of  glass,  the  air  temperature  at  the 
mean  height  of  the  glass ;  in  the  case  of  roof  or  ceiling,  the  air  temperature 
at  the  mean  height  of  the  roof  or  ceiling  above  the  floor  of  the  heated 
room;  and  in  the  case  of  floors,  the  air  temperature  at  the  floor  level.  In 
the  case  of  heated  spaces  adjacent  to  unheated  spaces,  it  will  usually  be 
sufficient  to  assume  the  temperature  in  such  spaces  as  the  mean  between 
the  temperature  of  the  inside  heated  spaces  and  the  outside  air  tempera- 
ture, excepting  where  attic  temperature  may  be  calculated  as  discussed 
later  or  where  the  combined  heat  transmission  coefficient  of  the  roof  and 
ceiling  can  be  used,  in  which  case  the  usual  inside  and  outside  tempera- 
tures should  be  applied.  (See  discussion  regarding  the  use  of  combined 
coefficients  of  roofs,  attics  and  top-floor  ceilings  Chapter  3. 

Attic  Temperature:  It  is  the  practice  in  many  cases  to  estimate  the 
heat  loss  through  top-floor  ceilings  by  assuming  the  attic  temperature 
to  be  the  mean  between  the  inside  and  outside  temperatures.  In  the  case 
of  attics  with  thick  insulations  between  the  ceiling  joists,  the  attic  tem- 
perature will  ordinarily  be  only  a  few  degrees  above  the  outside  tempera- 
tures rather  than  the  mean  between  the  inside  and  outside  temperatures. 
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TABLE  2.    CLIMATIC  CONDITIONS  COMPILED  FROM  WEATHER  BUREAU  RECORDS* 


COL.  A 

COL.  B 

COL.  C 

COL.  D 

COL.  E 

COL.  F 

COL.  G 

State 

City 

Average 
Temperature, 
Oct.  1- 
May  1 

Lowest 
Tempera- 
ture 
Ever 
Reported 

Recom- 
mended 
Design 
Tempera- 
ture 

Average 
Wind 
Velocity 
Dec.,  Jan., 
Feb.,  Miles 
per  Hour 

Direction  of 
Prevailing 
Wind, 
Dec.,  Jan., 
Feb. 

Ala  

Ariz. 

Birmingham  
Mobile 

53.8 
58.9 
35.8 
59.5 
50.4 
51.6 
58.5 
54.2 
38.9 
38.9 
38.4 
43.4 
62.0 
51.5 
58.5 
42.3 
35.7 
36.4 
39.8 
45.1 
40.3 
33.9 
32.6 
39.8 
41.4 
45.3 
61.6 
56.2 
31.5 
33.8 
43.8 
38.1 
29.6 
35.8 
28.3 
24.3 
29.4 
56.8 
40.7 
43.6 
44.3 
34.0 
27.6 
37.0 
35.4 
39.4 
37.9 
33.3 
41.6 
35.2 
34.8 
40.7 
38.3 

-10 
1 

10 
20 
-10 
25 
5 
10 
30 
30 
-15 
-10 
0 
0 
25 
10 
15 
-5 
-10 
-10 
-10 
.0 
-10 
-20 
-20 
-10 
-10 
-5 
20 
10 
-10 
-10 
10 
0 
-10 
-10 
-10 
-30 
-20 
15 
-10  - 
-5 
-10 
-30 
-30 
-15 
-20 
5 
-15 
-20 
5 
-5 
0 
0 
0 

8.5 
10.4 
7.8 
6.4 
8.1 
8.7 
6.3 
7.6 
7.5 
5.3 
9.7 
7.1 
9.2 
12.1 
9.5 
5.3 
9.6 
12.5 
10.1 
9.8 
11.5 
7.1 
11.6 
8.1 
9.8 
9.9 
8.8 
8.9 
12.0 
9.2 
7.8 
11.2 
12.4 
12.7 
11.1 
12.6 
11.3 
8.3 
9.3 
11.6 
10.8 

"975" 
10.5 
8.5 
10.0 

8.7 
6.6 
15.9 
8.1 
17.2 
17.1 
7.8 

N 
N 
SW 
E 
E 
NW 
NE 
N 
S 
NW 
N 
NW 
NE 
NW 
NW 
E 
SE 
W 
NW 
S 
SW 
NW 
NW 
S 
NW 
SW 
N 
SE 
W 
NW 
NW 
W 
W 

sw 

NW 
SW 
NW 

SE 

NW 
S 
SE 
W 
SW 
S 
W 
SE 
NE 
NW 
NW 
S 
W 
NW 
NE 

Flagstaff™  
Phoenix  

-25 
12 
-15 
-12 
28 
27 
-29 
-21 
-15 
-15 
10 
-8 
8 
-23 
-28 
-23 
-24 
-16 
-25 
-32 
-35 
-25 
-26 
-20 
7 
-5 
-23 

-21 

7 

-18 
-28 
-24 
-27 
-41 
-33 
-1 
-24 
-22 
-29 
-49 
57 

Ark  

Fort  Smith  
Little  Rock  
Los  Angeles  
San  Francisco  
Denver.  
Grand  Junction  
New  Haven...  
Washington.-  
Jacksonville...-  
Atlanta.-  
Savannah.  

Calif  
Colo  

Conn  
D.  C  
Fla  
Ga  

Idaho.... 
Ill  
Ind. 

Lewiston 

Pocatello 

Chicago 

Springfield  :  

Evansville 

Iowa  
Kans... 

Ky-  

La. 

Indianapolis  

Dubuque 

Sioux  City 

Concordia        .  . 

Dodge  City 

Louisville 

New  Orleans 

Me  

Md. 

Shreveport 

East  port 

Portland 

Baltimore 

Mass  
Mich  

Minn  

Miss  
Mo  

Mont.._. 
Nebr  
Nev  
N.  H  

N.  ;..„_. 

N.  Y  
N.  M.._. 

Boston  

Alpena 

Detroit 

Marquette  

Duluth 

Minneapolis.  .„  
Vicksburg 

St.  Joseph 

St.  Louis 

Springfield 

Billings  

Havre 

Lincoln  

-29 
-35 
-10 
-28 
-35 

«.Q 

-24 
20 

North  Platte  
Tonopah 

Winnemucca 

Concord  

Atlantic  City.  
Albany 

Buffalo. 

New  York  

-14 
-13 

Santa  Fe 

aUnited  States  data  from  U.  S.  Weather  Bureau. 
Canadian  data  from  Meteorological  Service  of  Canada. 
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TABLE  2.    CLIMATIC  CONDITIONS  COMPILED  FROM  WEATHER  BUREAU  RECORDS21 

(Concluded) 


COL.  A 


COL.  B 


COL.  C 


COL.  D 


COL.  E 


COL.  F 


COL.  G 


State 

or 
Province 


City 


Average 

'emperature, 

Oct.  1- 

May  1 


Lowest 
Tempera- 
ture 
Ever 
Reported 


Recom- 
mended 
Design 
Tempera- 
ture 


Average 
Wind 

Velocity 
Dec.,  Jan., 
Feb.,  Miles 

per  Hour 


Direction  of 
Prevailing 

Wind, 

Dec.,  Jan., 

Feb. 


N.  C Raleigh. 50.0 

Wilmington 54.2 

N.  D Bismarck 24.6 

Devils  Lake 20.3 

Ohio Cleveland 37.2 

Columbus 39.9 

Okla Oklahoma  City.....  47.9 

Ore Baker 35.2 

Portland 46.1 

Pa Philadelphia 42.7 

Pittsburgh 41.0 

R.  I Providence. 37.2 

S.  C Charleston.. 57.4 

Columbia.. 54.0 

S.  D Huron. 28.2 

Rapid  City 33.4 

Tenn Knoxville- 47.9 

Memphis 51.1 

Texas....  El  Paso 53.5 

Ft.  Worth 55.2 

San  Antonio 60.6 

Utah.—  Modena 36.3 

Salt  Lake  City 40.0 

Vt Burlington.. 31.5 

Va Lynchburg.__ 46.8 

Norfolk 49.3 

Richmond 47.0 

Wash.._.  Seattle 44.8 

Spokane 37.7 

W.  Va...  ElkinsL— 39.4 

Parkersburg. 42.6 

Wis Green  Bay. 30.0 

LaCrosse 31.7 

Milwaukee.,- 33.4 

Wyo Lander 30.0 

Sheridan 30.7 

Alta Edmonton 23.0 

B.C Vancouver. 42.0 

Victoria 43.9 

Man Winnipeg. 17.5 

N.  B Fredericton 27.0 

N.  S Yarmouth 35.0 

Ont London. 32.6 

Ottawa., 26.5 

Port  Arthur. 22.4 

Toronto 32.9 

P.  E.  I.  Charlottetown.---.  29.0 

Que Montreal 27.8 

Quebec 24.2 

Sask Prince  Albert 15.8 

Yukon..  Dawson 2.1 


-2 
5 

-45 
-44 
-17 
-20 
-17 
-24 

-2 

-6 

-20 

-17 

7 

-2 
-43 
-34 
-16 

-9 

-5 

-8 
4 

-24 
-20 
-29 

-7 
2 

-3 
3 

-30 
-28 
-27 
-36 
-43 
-25 
-40 
-41 
-57 
2 

-1.5 
-47 
-35 
-12 
-27 
-34 
-37 
-26.5 
-27 
-29 
-34 
-70 
-68 


15 

20 

-30 

-30 

-5 

-10 

0 

-15 

10 

0 

-5 

0 

15 

10 

-25 

-20 

0 

0 

0 

0 

10 

-15 

-10 

-20 

10 

15 

10 

15 

-15 

-10 

-10 

-20 

-25 

-10 

-25 

-25 

-20 

15 

15 

-30 

-10 

0 

0 

-10 

-15 

-5 

-5 

-10 

-10 

-55 

-50 


8.2 

8.5 

9.1 

10.6 

13.0 

12.0 

12.0 

6.9 

7.5 

11.0 

11.7 

12.8 

10.6 

8.1 

10.6 

8.2 

7.8 

9.7 

10.4 

10.4 

8.0 

8.8 

6.7 

11.8 

7.1 

12.5 

7.9 

11.3 

7.1 

6.6 

7.5 

10.4 

7.3 

11.5 

5.0 

6.0 

6.5 

4.5 

12.5 

10.0 

9.6 

14.2 

10.3 

8.4 

7.8 

13.0 

9.4 

14.3 

13.6 

5.1 

3.7 


SW 

sw 

NW 
W 

sw 
sw 

N 

SE 

S 

NW 

W 

NW 

SW 

NE 

NW 

W 

SW 

S 

NW 

NW 

NE 

W 

SE 

S 

NW 

N 

SW 

SE 

SW 

W 

SW 

SW 

S 

W 

sw 

NW 

SW 

E 

N 

NW 

NW 

NW 

SW 

NW 

NW 

SW 

sw 
sw 
sw 

W 

S 


^United  States  data  from  U.  S,  Weather  Bureau. 
Canadian  data  from  Meteorological  Service  of  Canada. 
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Theoretically  as  a  basis  for  design,  the  most  unfavorable  combination 
of  temperature  and  wind  velocity  should  be  chosen.  It  is  entirely  possible 
that  a  building  might  require  more  heat  on  a  windy  day  with  a  moderately 
low  outside  temperature  than  on  a  quiet  day  with  a  much  lower  outside 
temperature.  However,  the  combination  of  wind  and  temperature  which 
is  the  worst  would  differ  with  different  buildings,  because  wind  velocity 
has  a  greater  effect  on  buildings  which  have  relatively  high  infiltration 
losses.  It  would  be  possible  to  work  out  the  heating  load  for  a  building 
for  several  different  combinations  of  temperature  and  wind  velocity  which 
records  show  to  have  occurred  and  to  select  the  worst  combination ;  but 
designers  generally  do  not  feel  that  such  a  degree  of  refinement  is  justified. 
Therefore,  pending  further  studies  of  actual  buildings,  it  is  recommended 
that  the  average  wind  movement  in  any  locality  during  December, 
January  and  February  be  provided  for  in  computing  (1)  the  heat  trans- 
mission of  a  building,  and  (2)  the  heat  required  to  take  care  of  the  infiltra- 
tion of  outside  air. 

The  first  condition  is  readily  taken  care  of,  as  explained  in  Chapter  3, 
by  using  a  surface  coefficient /0  for  the  outside  wall  surface  which  is  based 
on  the  proper  wind  velocity.  In  case  specific  data  are  lacking  for  any 
given  locality,  it  is  sufficiently  accurate  to  use  an  average  wind  velocity  of 
approximately  15  mph  which  is  the  velocity  upon  which  the  heat  trans- 
mission coefficient  tables  in  Chapter  3  are  based. 

In  a  similar  manner,  the  heat  allowance  for  infiltration  through  cracks 
and  walls  (Tables  1  and  2,  Chapter  4)  must  be  based  on  the  proper  wind 
velocity  for  a  given  locality.  In  the  case  of  tall  buildings  special  attention 
must  be  given  to  infiltration  factors.  (See  Chapter  4.) 

In  the  past  many  designers  have  used  empirical  exposure  factors  which 
were  arbitrarily  chosen  to  increase  the  calculated  heat  loss  on  the  side  or 
sides  of  the  building  exposed  to  the  prevailing  winds.  It  is  also  possible 
to  differentiate  among  the  various  exposures  more  accurately  by  calcu- 
lating the  infiltration  and  transmission  losses  separately  for  the  different 
sides  of  the  building,  using  different  assumed  wind  velocities.  Recent 
investigations  show,  however,  that  the  wind  direction  indicated  by 
Weather  Bureau  instruments  does  not  always  correspond  with  the 
direction  of  actual  impact  on  the  building  walls,  due  to  deflection  by 
surrounding  buildings. 

The  exposure  factor,  which  is  still  in  use  by  many  engineers,  is  usually 
taken  as  15  per  cent,  and  is  added  to  the  calculated  heat  loss  on  the  side  or 
sides  exposed  to  what  is  considered  the  prevailing  winter  wind.  There  is  a 
need  for  actual  test  data  on  this  point,  and  pending  the  time  when  it  can 
be  secured,  the  question  must  be  left  to  the  judgment  of  the  designing 
engineer.  It  should  be  remembered  that  the  values  of  U  in  the  tables  in 
Chapter  3  are  based  on  a  wind  velocity  of  15  mph  and  that  the  infiltration 
figures  are  supposed  to  be  selected  from  the  tables  in  Chapter  4  to  cor- 
respond to  the  wind  velocities  given  in  Table  2  of  the  present  chapter. 

The  Heating,  Piping  and  Air  Conditioning  Contractors  National  Associ- 
ation has  devised  a  method2  for  calculating  the  square  feet  of  equivalent 
direct  radiation  required  in  a  building.  This  method  makes  use  of  ex- 


2See  Standards  of  Heating,  Piping  and  Air  Conditioning  Contractors  National  Association. 
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posure  factors  which  vary  according  to  the  geographical  location  and  the 
angular  situation  of  the  construction  in  question  in  reference  to  pre- 
vailing winds  and  their  velocity. 

AUXILIARY  HEAT  SOURCES 

The  heat  supplied  by  persons,  lights,  motors  and  machinery  should 
always  be  ascertained  in  the  case  of  theaters,  assembly  halls,  and  in- 
dustrial plants,  but  allowances  for  such  heat  sources  must  be  made  only 
after  careful  consideration  of  all  local  conditions.  In  many  cases,  these 
heat  sources  should  not  be  allowed  to  affect  the  size  of  the  installation  at 
all,  although  they  may  have  a  marked  effect  on  the  operation  and  con- 
trol of  the  system.  In  general,  it  is  safe  to  say  that  where  audiences  are 
involved,  the  heating  installation  must  have  sufficient  capacity  to  bring 
the  building  up  to  the  stipulated  inside  temperature  before  the  audience 
arrives.  In  industrial  plants,  quite  a  different  condition  exists,  and  heat 
sources,  if  they  are  always  available  during  the  period  of  human  occu- 
pancy, may  be  substituted  for  a  portion  of  the  heating  installation.  In 
no  case  should  the  actual  heating  installation  (exclusive  of  heat  sources) 
be  reduced  below  that  required  to  maintain  at  least  40  F  in  the  building. 

Electric  Motors  and  Machinery 

Motors  and  the  machinery  which  they  drive,  if  both  are  located  in  the 
room,  convert  all  of  the  electrical  energy  supplied  into  heat,  which  is 
retained  in  the  room  if  the  product  being  manufactured  is  not  removed 
until  its  temperature  is  the  same  as  the  room  temperature. 

If  power  is  transmitted  to  the  machinery  from  the  outside,  then  only 
the  heat  equivalent  of  the  brake  horsepower  supplied  is  used.  In  the 

first  case  the  Btu  supplied  per  hour  =      °  ?T    ors^>ow^T  x  2546,  and 
*^        *  Efficiency  of  motor 

in  the  second  case  Btu  per  hour  =  bhp  X  2546,  in  which  2546  is  the 
Btu  equivalent  of  1  hp-hr.  In  some  mills  this  is  the  chief  source  of 
heating  and  it  is  frequently  sufficient  to  overheat  the  building  even  in 
zero  weather,  thus  requiring  cooling  by  ventilation  the  year  round. 

The  heat  (in  Btu  per  hour)  from  electric  lamps  is  obtained  by  multi- 
plying the  watts  per  lamp  by  the  number  of  lamps  and  by  3.413.  One 
cubic  foot  of  producer  gas  gives  off  about  150  Btu  per  hour;  one  cubic 
foot  of  illuminating  gas  about  535  Btu  per  hour;  and  one  cubic  foot  of 
natural  gas  about  1000  Btu  per  hour.  A  Welsbach  burner  averages 
3  cu  ft  of  gas  per  hour  and  a  fish-tail  burner,  5  cu  ft  per  hour.  For 
information  concerning  the  heat  supplied  by  persons,  see  Chapter  2. 

In  intermittently  heated  buildings,  besides  the  capacity  necessary 
to  care  for  the  normal  heat  loss  which  may  be  calculated  according  to 
customary  rules,  additional  capacity  should  be  provided  to  supply  the 
heat  necessary  to  warm  up  the  cold  material  of  the  interior  walls,  floors, 
and  furnishings.  Tests  have  shown  that  when  a  cold  building  has  had  its 
temperature  raised  to  about  60  F  from  an  initial  condition  of  about  0  F, 
the  heat  absorbed  from  the  air  by  the  material  in  the  structure  may  vary 
from  50  per  cent  to  150  per  cent  of  the  normal  heat  loss  of  the  building. 
It  is  therefore  necessary,  in  order  to  heat  up  a  cold  building  within  a 
reasonable  length  of  time,  to  provide  such  additional  capacity.  If  the 
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FIG.  1.    ELEVATIONS  AND  FLOOR  PLANS  OF  RESIDENCE 
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interior  material  is  cold  when  people  enter  a  building,  the  radiation  of 
heat  from  the  occupants  to  the  cold  material  will  be  greater  than  is 
normal  and  discomfort  will  result.  (See  Chapter  2.) 

RESIDENCE  HEAT  LOSS  PROBLEMS 

Example  2.  Calculate  the  heat  loss  of  residence  shown  in  Fig.  1  located  in  the 
vicinity  of  Chicago.  Assume  inside  and  outside  design  temperatures  to  be  70  F  and 
— 10  F  respectively.  The  attic  is  unheated.  Assume  ground  temperature  to  be  45  F. 
Estimate  infiltration  by  crack  method,  assuming  average  wind  velocity  to  be  12.5  mph 
during  December,  January  and  February.  No  wall,  ceiling  or  roof  insulation  is  to  be 
figured  in  this  problem,  but  all  first  and  second  floor  windows  are  to  have  storm  sash. 
The  building  is  constructed  as  follows  (transmission  coefficients  (U)  in  parentheses): 

Walls:  Brick  veneer,  building  paper,  wood  sheathing,  studding,  metal  lath  and  plaster 
(0.28).  Walls  of  dormer  over  garage,  same  except  wood  siding  in  place  of  brick  veneer 
(0.26). 

Attic  Walls:    Brick  veneer,  building  paper,  wood  sheathing  on  studding  (0.42). 

Basement  Watts:    10  in.  concrete  (0.70). 

Roof:    Asphalt  shingles  on  wood  sheathing  on  rafters  (0.56). 

Ceiling:    (Second  floor):    Metal  lath  and  plaster  (0.69). 

Windows:  Double-hung  wood  windows  with  storm  sash  (0.45).  Steel  casement  sash 
in  basement  (1.13). 

Floor  (Bedroom  D):  Maple  finish  flooring  on  yellow  pine  sub-flooring;  metal  lath 
and  plaster  ceiling  below  (0.25). 

Floor  (Basement  and  Garage):      4  in.  stone  concrete  on  3  in.  cinder  concrete  (0.64). 

Solution:  The  calculations  for  this  problem  are  given  in  Table  3,  and  a  summary 
of  the  results  in  Table  4.  The  values  in  column  F  of  Table  3  were  obtained  by  multiplying 
together  the  figures  in  columns  C,  D  and  E.  The  heat  losses  are  calculated  to  the  nearest 
10  Btu.  See  reference  notes  for  Table  3  for  further  explanation  of  data. 

Attention  is  called  to  the  summary  of  heat  losses  (Table  4)  of  the  uninsulated  residence 
(Fig.  1).  As  storm  windows  are  used  in  this  instance  the  glass  and  door  trans- 
mission heat  losses  of  19.5  per  cent  are  relatively  small.  The  infiltration  losses  (12.0 
per  cent)  are  also  comparatively  small  in  this  case  because  the  storm  windows  serve 
substantially  the  same  purpose  as  weatherstripping.  In  this  problem,  the  wall;  ceiling 
and  floor  transmission  losses  comprise  68.5  per  cent  of  the  total.  If  the  building  is 
insulated,  the  relative  heat  loss  percentages  will  materially  change.  (See  Example  3 
and  Table  5.) 

Example  3.  Calculate  the  heat  loss  of  residence  shown  in  Fig.  1  based  on  the 
same  conditions  as  in  Example  2  but  insulated  throughout  as  follows  (coefficients  in 
parentheses) : 

Walls:  Brick  veneer,  2J^2  in.  insulation  board  sheathing,  studding,  1  in.  insulation 
board  lath  and  plaster  (0.14).  Walls  of  dormer  over  garage  same  except  wood  siding 
in  place  of  brick  veneer  (0.13). 

Attic  Walls:     Brick  veneer,  2%2  in.  insulation  board  sheathing  on  studding  (0.28). 

Walls  Adjoining  Garage:  Plaster  on  1  in.  insulation  board,  studding,  metal  lath  and 
plaster  (0.18). 

Basement  Walls  (Recreation  Room):  10  in.  concrete,  furring  strips,  }^  in.  insulation 
board  (0.26). 

Roof:    Asphalt  shingles  on  wood  sheathing  on  rafters  (0.56). 

Ceiling  (Second  floor):  1  in.  insulation  board  and  plaster;  %  in.  insulation  board  on 
top  of  ceiling  joists  (0.15). 

Windows:    Same  as  Example  2. 

Floor  (Bedroom  D) :  Maple  finish  flooring  on  yellow  pine  sub-flooring ;  J^  in.  insulation 
board  and  plaster  ceiling  below  (0.18). 

Floor  (Under  Recreation  Room):  4  in.  stone  concrete,  1  in.  insulation  board  and  3  in 
cinder  concrete  (0.22). 

Solution:  The  procedure  for  calculating  the  heat  losses  is  similar  to  that  for  Example 
2.  A  summary  of  the  results  is  given  in  Table  5. 
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TABLE  3.    HEAT  Loss  CALCULATION  SHEET  FOR  UNINSULATED  RESIDENCE 

(FIG.  1) 


A 

B 

C 

D 

E 

F 

G 

ROOM  on  SPACE 

PART  OP  STRUCTURE 

NET  ABBA  OR 
CRACK  LENGTH 

COEFFI- 
CIENT 

TEMP. 
DiFF.a 

HEAT  Loss 
(Btu  per  hour) 

TOTALS 
(Btu  per  hour) 

Bedroom  A 

Walls 
Glass 
Infiltration 
Ceilingd 

238  sq  ft 
40  sq  ft 
36  lin  ft*> 
242  sq  ft 

0.28 
0,45 
0.35C 
0.69 

80 
80 
80 
39.8 

5330 
1440 
1010 
6660 

14,440 

Bedroom  B 
and  Closet 

Walls 
Glass 
Infiltration 
Ceilingd 

156  sq  ft 
40  sq  ft 
36  lin  ft* 
160  sq  ft 

0.28 
0.45 
0.35 
0.69 

80 
80 
80 
39.8 

3490 
1440 
1010 
4400 

10,340 

Bedroom  C 

Walls 
Glass 
Infiltration 
Ceilingd 

114  sq  ft 
27  sq  ft 
18  lin  ftf 
120  sq  ft 

0.28 
0.45 
0.35 
0.69 

80 
80 
80 
39.8 

2560 
970 
500 
3300 

7,330 

Bedroom  D 
and  Closet 

Walls 
Glass 
Infiltration 
Ceilingd 
Floor  over  Garage 

118  sq  ft 
20  sq  ft 
18  lin  ft 
120  sq  ft 
110  sq  ft 

0.28 
0.45 
0.35 
0.69 
0.25 

80 
80 
80 
39.8 
35s 

2650 
720 
500 
3300 
960^ 

8,130 

Bathroom  1 

Walls 
Glass 
Infiltration 
Ceilingd 

30  sq  ft 
14  sq  ft 
18  lin  ft 
55  sq  ft 

0,28 
0,45 
0.35 
0.69 

80 
80 
80 
39.8 

670 
500 
500 
1510 

3,180 

Bathroom  2 

Walls 
Glass 
Infiltration 
Ceilingd 
Floor  over  Garage 

79  sq  ft 
Qsqft 
15  lin  ft 
35  sq  ft 
35  sq  ft 

0.26 
0.45 
0.35 
0.69 
0.25 

80 
80 
80 
39.8 
35 

1770 
320 
420 
960 
310m 

3,780 

Living 
Room 

Walls 
Walls  (adjoining  garage) 
Glass 
Infiltration 

267  sq  ft 
94  sq  ft 
50  sq  ft 
40  lin  ft 

0.28 
0.39h 
0.45 
0,35 

80 
35 
80 
80 

5980 
1280m 
1800 
1120 

10,180 

Dining 
Room 

Walls 
Glass  (doors) 
Glass  (window) 
Infiltration1 

166  sq  ft 
35  sq  ft 
20  sq  ft 

31  lin  ft 

0.28 
1.13 
0.45 
0.35 

80 
80 
80 
80 

3720 
3160 
720 
870 

8,470 

Kitchen  and 
Entrance 
to  Garage 

Walls  (outside) 
Walls  (adjoining  garage) 
Infiltration 
Glass 
Door  to  garage 

96  sq  ft 
51  sq  ft 
27  lin  ft 
18  sq  ft 
17  sq  ft 

0.28 
0.39h 
0.35 
0.45 
0.51 

80 
35 
80 
80 
35 

2150 
700* 
760 
650 
300^ 

4,560 

Lavette  and 
Vestibule 

Walls  (outside) 
Walls  (adjoining  garage) 
Door 
Glass 
Infiltration 

82  sq  ft 
85  sq  ft 
19  sq  ft 
9sqft 
19  lin  ft 

0.28 
0.39h 
0.51 
0.45 
0.35 

80 
35 
80 
80 
80 

1840 
1160m 
780 
320 
530 

4,630 
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TABLE  3.    HEAT  Loss  CALCULATION  SHEET  FOR  UNINSULATED  RESIDENCE 
(Fio.  1)  (Concluded) 


A 

B 

C 

D 

E 

F 

G 

ROOM  OE  SPACE 

PART  OP  STRUCTURE 

NET  AREA  OR 
GRACE  LENGTH 

COEFFI- 
CIENT 

TEMP. 
DlF.a 

HEAT  Loss 
(Btu  per  hour) 

TOTALS 
(Btu  per  hour) 

Walls 

39  sq  ft 

0.28 

80 

870 

Entrance 

Door 

21  sq  ft 

0.38 

80 

640 

Hall 

Infiltration 

20  lin  ft 

0.35 

80 

560 

Ceiling^'  P 

87  sq  ft 

0.69 

39.8 

2490 

4,560 

Walls 

167  sq  ft 

0.28 

45 

2110 

Glass 

53  sq  ft 

1.13 

45 

2700 

Garage 

Doors 
Infiltration 

44sqft 
37  lin  ft 

0.51 
1.62J 

45 
45 

1010 
2700 

Floor  (heat  gain) 

185  sq  ft 

0.64k 

-10k 

-1180 

Heat  gain 

-4710m 

2,630 

Floor 

287  sq  ft 

0.64 

25 

4600 

Recreation11 

Walls 

220  sq  ft 

0.70 

25 

3850 

Room 

Glass 

Ssqft 

1.13 

80 

720 

Infiltration 

8  lin  ft 

0.76 

80 

490 

9,660 

Total 

91,890 

aThe  inside-outside  temperature  difference  is  70  —  (—  10)  or  SO  F,  except  where  otherwise  noted. 


south  windows  are  used  for  arriving  at  the  window  crack  for  this  room,  on  the  assumption 
that  whatever  air  enters  through  the  south  window  cracks  will  leave  through  the  west  window  cracks 
or  elsewhere. 

oDouble-hung  wood  windows  with  storm  sash  are  assumed  to  have  the  same  leakage  per  foot  of  crack 
as  weatherstripped  windows.  The  air  leakage  per  foot  of  crack  is  about  19.5  cu  ft  per  foot  of  crack  for  a 
wind  velocity  of  12.5  mph.  (See  Table  2,  Chapter  4.)  The  heat  equivalent  of  the  air  leakage  per  hour  per 
degree  temperature  difference  per  foot  of  crack  is  obtained  by  multiplying  this  value  by  0.018,  or  19.5  X 
0.018  =  0.35. 

din  this  problem  the  ceiling  heat  losses  are  calculated  by  estimating  the  attic  temperature  and  then 
calculating  the  loss  through  the  ceiling  using  the  proper  temperature  difference.  This  unheated  attic  is  not 
ventilated  during  the  winter  months.  The  attic  temperature  is  estimated  from  Equation  1  to  be  30.2  F 
when  the  outside  temperature  is  —  10  F  and  the  room  temperature  is  70  F.  The  temperature  difference  is 
therefore  70  -  30.2  or  39.8  F. 

eThe  window  crack  in  the  west  wall  having  two  windows  is  used. 
fOne-half  the  total  crack  is  used  in  these  rooms. 
eTemperature  in  garage  assumed  to  be  35  F. 

^Coefficient  for  wall  adjoining  garage  calculated  on  basis  of  metal  lath  and  plaster  on  both  sides  of 
studs.  (V  =  0.39.) 

iThe  door  crack  is  used  for  estimating  the  infiltration  in  this  room  and  as  the  French  doors  are  weather- 
stripped  the  infiltration  coefficient  is  assumed  to  be  the  same  as  in  Note  b. 

JThe  leakage  for  the  garage  doors  is  assumed  to  be  twice  that  for  poorly-fitted  double-hung  wood  windows 
or  about  90  cu  ft  per  foot  of  crack  for  a  wind  velocity  of  12.5  mph.  The  infiltration  coefficient  is  therefore 
0.018  X  «0  or  1.62. 

kThe  ground  temperature  is  assumed  to  be  45  F  and,  as  the  garage  temperature  is  35  F,  the  heat  transfer 
will  be  from  the  ground  to  the  garage,  and  this  heat  gain  should  therefore  be  subtracted  from  the  heat  loss. 
The  floor  coefficient  (U  —  0.64)  is  based  on  4  in.  stone  concrete  and  3  in.  cinder  concrete.  This  coefficient 
should  probably  be  lower  as  the  ground  itself  has  some  heat  resistance  value.  However,  complete  data  are 
not  as  yet  available. 

mThe  heat  losses  from  various  rooms  into  the  garage  are  heat  gains  for  the  garage. 

nHeat  is  to  be  provided  for  the  recreation  room  and  this  space  is  therefore  figured  on  the  basis  of  a  70  F 
temperature.  Heat  loss  into  the  basement  from  recreation  room  is  neglected,  the  calculations  being  based 
only  on  losses  through  the  outside  walls,  glass  and  floor.  Ground  temperature  assumed  to  be  45  F. 

pThe  upstairs  hall  ceiling  is  included  with  the  downstairs  entrance  hall  because  these  are  connected  by 
means  of  the  stairway.  The  heat  should  be  provided  downstairs. 
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TABLE  4.    SUMMARY  OF  HEAT  LOSSES  OF  UNINSULATED  RESIDENCE 
Heat  losses  given  in  Btu  per  hour 


ROOM  OR  SPACE 

WALLS 

CEILING  AND  HOOP 

FLOOR 

GLASS  AND  DOOR 

INFILTRATION 

TOTALS 

Bedroom  A 
Bedroom  B 
Bedroom  C 
Bedroom  D 
Bathroom  1 
Bathroom  2 
Living  Room 

5330 
3490 
2560 
2650 
670 
1770 
7260 

6660 
4400 
3300 
3300 
1510 
960 

"960 
TlO 

1440 
1440 
970 
720 
500 
320 
1800 

1010 
1010 
500 
500 
500 
420 
1120 

14,440 
10,340 
7,330 
8,130 
3,180 
3,780 
10,180 

Dining  Room 
Kitchen 
Lavette 
Entrance  Hall 
Garage 
Recreation 

3720 
2850 
3000 
870 
-1030* 
3850 

2490 

-2450t 
4600 

3880 
950 
1100 
640 
3410 
720 

870 
760 
530 
560 
2700 
490 

8,470 
4,560 
4,630 
4,560 
2,630 
9,660 

Totals 

36,990 

22,620 

3,420 

17,890 

10,970 

91,890 

Percentages 

40.2 

24.6 

3.7 

19.5 

12.0 

100.0 

*Wall  heat  loss  of  2110  Btu  minus  wall  heat  gain  of  3140  Btu. 
tHcat  gains;  960,  310  and  1180  Btu. 


TABLE  5.    SUMMARY  OF  HEAT  LOSSES  OF  INSULATED  RESIDENCE 
Heat  losses  given  in  Btu  per  hour 


ROOM  OR  SPACE 

WALLS 

CEILING  AND  ROOF 

FLOOR 

GLASS  AND  DOOR 

INFILTRATION 

TOTALS 

Bedroom  A 

2670 

2370 

1440 

1010 

7,490 

Bedroom  B 

1750 

1570 

1440 

1010 

5,770 

Bedroom  C 

1280 

1170 

970 

500 

3,920 

Bedroom  D 

1320 

1170 

690 

720 

500 

4,400 

Bathroom  1 

340 

540 

500 

500 

1,880 

Bathroom  2 

820 

340 

220 

320 

420 

2,120 

Living  Room 

3580 





1800 

1120 

6,400 

Dining  Room 

1860 

3880 

870 

6,610 

Kitchen 

1400 



950 

760 

3,110 

Lavette 

1460 



1100 

530 

3,090 

Entrance  Hall 

440 

850 

640 

560 

2,490 

Garage 

-400* 

-2090f 

3410 

2700 

3,620 

Recreation 

1430 



1580 

720 

490 

4,220 

Totals 

17,950 

8,010 

400 

17,890 

10,970 

55,220 

Percentages 

32.5 

14.5 

0.7 

32.4 

19.9 

100.0 

*Wall  heat  loss  of  1050  Btu  minus  wall  heat  gains  of  590,  320  and  540  Btu. 
tHeat  gains;  690,  220  and  1180  Btu. 


Chapter  6 

COOLING  LOAD 

Design    Outside    Temperatures,   Components  of  Heat  Gain, 

Normal  Heat  Transmission^  Solar  Heat  Transmission,  Solar 

Radiation  Through  Glass.,  Heat  Introduced  by  Outside  Air, 

Heat  Emission  of  Appliances 

LOAD  calculations  for  summer  air  conditioning  are  more  complicated 
than  heating  load  calculations  because  there  are  more  factors  to 
be  considered.  Due  to  the  variable  nature  of  some  of  the  contributing 
load  components  and  the  fact  that  they  do  not  necessarily  impose  their 
maximum  effect  simultaneously,  considerable  care  must  be  used  in 
determining  their  phase  relationship  so  that  equipment  of  proper  capacity 
may  be  selected  to  maintain  specified  indoor  conditions. 

The  conditions  to  be  maintained  in  an  enclosure  are  variable  and 
depend  upon  several  factors,  especially  the  outside  design  conditions, 
duration  of  occupancy  and  relationship  between  air  motion,  dry-bulb  and 
wet-bulb  temperatures.  Information  concerning  the  proper  effective 
temperature  to  be  maintained  is  given  in  Chapter  2,  where  are  also  tabu- 
lated the  most  desirable  indoor  conditions  to  be  maintained  in  summer  for 
exposures  over  40  min  (see  Table  5,  Chapter  2). 

Summer  dry-bulb  and  wet-bulb  temperatures  of  various  cities  are 
given  in  Table  1.  The  temperatures  are  not  the  maximums  but  the 
design  temperatures  which  should  be  used  in  air  conditioning  calcu- 
lations. The  maximum  outside  wet-bulb  temperatures  as  given  in 
Weather  Bureau  reports  usually  occur  only  from  1  to  4  per  cent  of  the 
time,  and  they  are  therefore  of  such  short  duration  that  it  is  not  practical 
to  design  a  cooling  system  for  them.  The  temperatures  shown  in  Table  1 
are  based  on  available  design  conditions  known  to  be  successfully  applied. 

COMPONENTS  OF  HEAT  CAIN 

A  cooling  load  determination  is  composed  of  five  components  which 
are  classified  in  the  following  manner  : 

1 .  Normal  heat  transfer  through  windows,  walls,  partitions,  doors,  floors,  ceilings,  etc. 

2.  Transfer  of  solar  radiation  through  windows,  walls,  doors,  skylights,   or  roof. 

3.  Heat  emission  of  occupants  within  enclosures. 

4.  Heat  introduced  by  infiltration  of  outside  air  or  controlled  ventilation. 

5.  Heat  emission  of  mechanical,   chemical,  gas,  steam,   hot  water  and  electrical 
appliances  located  within  enclosures. 
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TABLE  1.    DESIGN  DRY-  AND  WET-BULB  TEMPERATURES,  WIND  VELOCITIES,  AND 
WIND  DIRECTIONS  FOR  JUNE,  JULY,  AUGUST,  AND  SEPTEMBER 


STATE 

CITY 

DESIGN 
DRY-BULB 

DESIGN 
WET-BULB 

SUMMER  WIND 
VELOCITY 
MPH 

PREVAILING 
SUMMER  WIND 
DIRECTION 

Ala. 

Birmingham             

95 

78 

5.2 

S 

Mobile 

95 

80 

8.6 

SW 

Ariz. 

Phoenix                      

105 

76 

6.0 

w 

Ark  

Little  Rock  

95 

78 

7.0 

NE 

Calif. 

Los  Angeles 

90 

70 

6.0 

SW 

San  Francisco 

90 

65 

11.0 

sw 

Colo. 

Denver 

95 

64 

6.8 

s 

Conn.  . 

New  Haven    

95 

75 

7.3 

s 

Del 

Wilmington 

95 

78 

9.7 

sw 

D.  C. 

Washington     ..        

95 

78 

6.2 

s 

Fla. 

Jacksonville- 

95 

78 

8.7 

sw 

Tampa              

94 

79 

7.0 

E 

Ga  

Atlanta.,  

95 

76 

7.3 

NW 

Savannah..               

95 

78 

7.8 

SW 

Idaho 

Boise  _  

95 

65 

5.8 

NW 

111 

Chicago 

95 

75 

10.2 

NE 

Peoria  

95 

76 

8.2 

S 

Ind. 

Indianapolis 

95 

76 

9.0 

SW 

Iowa 

Des  Moines          ...  . 

95 

77 

6.6 

sw 

Kansas  

Wichita  

100 

75 

11.0 

s 

Kv. 

Louisville  

95 

76 

8.0 

sw 

La.  "„.' 

New  Orleans  

95 

79 

7.0 

sw 

Maine.  
Md  
Mass  
Mich  
Minn  
Miss  
Mo..  

Shreveport  -  
Portland-  
Baltimore.-  
Boston  
Detroit  
Minneapolis  
Vicksburg  
Kansas  Cityl  
St.  Louis  

100 
90 
95 
92 
95 
95 
95 
100 
95 

78 
73 
78 
75 
75 
75 
78 
76 
78 

6.2 
7.3 
6.9 
9.2 
10.3 
8.4 
6.2 
9.5 
9.4 

s 
s 
sw 
sw 
sw 

SE 

sw 
s 
sw 

Mont  
Nebr  

Helena  
Lincoln  

95 
95 

67 
75 

7.3 

9.3 

sw 
s 

Nev  

Reno 

95 

65 

7.4 

w 

N.  H  

N.  J. 

Manchester  

Trenton 

90 
95 

73 

78 

5.6 
10.0 

NW 

sw 

N.  Y  

Albany  

92 

75 

7.1 

s 

N.  M. 

Buffalo 
New  York  

Santa  Fe  . 

93 
95 
90 

75 
75 
65 

12.2 
12.9 
6.5 

sw 
sw 

SE 

N.  C  

N.  Dak  
Ohio  

Okla. 
Ore.  

Pa. 

Asheville  
Wilmington  
Bismarck  
Cincinnati  
Cleveland—  
Oklahoma  City  
Portland—  
Philadelphia 

90 
95 
95 
95 
95 
101 
90 
95 

75 
79 
73 

78 
75 
76 
65 

78 

5.6 
7.8 
8.8 
6.6 
9.9 
10.1 
6.6 
9.7 

SE 
SW 

NW 
SW 

s 
s 

NW 
SW 

R.  I. 

Pittsburgh  
Providence  

95 
93 

75 
75 

9.0 
10.0 

NW 
NW 

S.  C  

S.  Dak  
Tenn  

Charleston  
.Greenville  
Sioux  Falls.-  
Chattanooga  
Memphis  

95 
95 
95 
95 
95 

80 
76 
75 

77 
78 

9.9 
6.8 
7.6 
6.5 
7.5 

SW 

NE 
S 
SW 

sw 
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TABLE  1.     DESIGN  DRY-  AND  WET-BULB  TEMPERATURES,  .WIND  VELOCITIES,  AND 
WIND  DIRECTIONS  FOR  JUNE,  JULY,  AUGUST,  AND  SEPTEMBER  (Concluded) 


STATE 

CrrY 

DESIGN 
DRY-BULB 

DESIGN 
WET-BULB 

SUMMER  WEND 
VELOCITY 
MPH 

PREVAILING 
SUMMER  WEND 
DIRECTION 

Texas  . 

Dallas.      ... 

100 

78 

9.4 

s 

El  Paso  

100 

69 

6.9 

E 

Galveston 

95 

80 

9.7 

S 

Houston  

95 

78 

7.7 

S 

San  Antonio 

100 

78 

7.4 

SE 

Utah 

Salt  Lake  City 

92 

63 

8.2 

SE 

Vt. 

Burlington 

90 

73 

89 

S 

Va. 

Norfolk.  _ 

95 

78 

10.9 

S 

Richmond...    _  

95 

78 

6.2 

sw 

Wash. 

Seattle 

85 

65 

7.9 

s 

Spokane 

90 

65 

6.5 

sw 

W.  Va. 

Parkersburg 

95 

75 

5.3 

SE 

Wis. 

Madison, 

95 

75 

8.1 

SW 

Milwaukee.  

95 

75 

10.4 

S 

Wvo. 

Cheyenne 

95 

65 

9.2 

s 

The  components  of  heat  gain,  classified  by  source,  are  further  classified 
as  sensible  and  latent  heat  gain. 

The  first  two  components  fall  into  the  classification  of  sensible  heat 
gain,  that  is,  they  tend  to  raise  the  temperature  of  the  air  within  the 
structure.  The  last  three  components  not  only  produce  sensible  heat 
gain  but  they  may  also  tend  to  increase  the  moisture  content  of  the  air 
within  the  structure. 

Normal  Heat  Transmission 

By  normal  heat  transmission,  as  distinguished  from  solar  heat  trans- 
mission, is  meant  the  transmission  of  heat  through  windows,  walls, 
partitions,  etc.  from  without  to  interior  of  enclosure  by  virtue  of  difference 
between  outside  and  inside  air  temperatures*  This  load  is  calculated  in  a 
manner  similar  to  that  described  in  Chapter  5  (except  that  flow  of  heat 
is  reversed)  by  means  of  the  formula: 


fit  = 


-0 


(1) 


where 

Hit  =  heat  transmitted  through  the  material  of  wall,  glass,  floor,  etc.,  Btu  per  hour. 
A  —  net  inside  area  of  wall,  glass,  floor,  etc.,  square  feet. 
t  =  inside  temperature,  degrees  Fahrenheit. 
to  «  outside  temperature,  degrees  Fahrenheit. 

U  =  coefficient  of  transmission  of  wall,  glass,  floor,  etc.,  Btu  per  hour  per  square  foot 
per  degree  Fahrenheit  difference  in  temperature  (Tables  3  to  13,  Chapter  3). 

Solar  Heat  Transmission 

Calculations  of  the  solar  heat  transmitted  through  walls  and  roofs 
are  difficult  to  determine  because  of  periodic  character  of  heat  flow  and 
time  lag  due  to  heat  capacity  of  construction. 
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TABLE  2.    SOLAR  RADIATION  (DIRECT  PLUS  SKY)  IMPINGING  AGAINST  WALLS  HAVING 
SEVERAL  ORIENTATIONS  AND  A  HORIZONTAL  SURFACE 

For  SO  Deg  North  Latitude  on  August  1 


SUN 
TIME 

INTENSITY  OF  SOLAR  RADIATION,  BTU  PER  SQ  FT  PER  HOUR 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 
Surface 

5:20 

0 

0 

0 

0 

0 

0 

0 

0 

6:00 

37 

47 

23 

4.5 

4.5 

4.5 

4.5 

11 

7:00 

119 

145 

91 

11 

11 

11 

11 

64 

8:00 

153 

207 

149 

17 

17 

17 

17 

147 

9:00 

130 

194 

158 

35 

21 

21 

21 

213 

10:00 

86 

152 

143 

63 

23.5 

23.5 

23.5 

262 

11:00 

35 

94 

85 

80 

25.5 

25.5 

25.5 

290 

12:00 

26 

26 

65 

85 

65 

26 

26 

300 

1:00 

25.5 

25.5 

25.5 

80 

85 

94 

35 

290 

2:00 

23.5 

23.5 

23.5 

63 

143 

152 

86 

262 

3:00 

21 

21 

21 

35 

158 

194 

130 

213 

4:00 

17 

17 

17 

17 

149 

207 

153 

147 

[,5:00 

11 

11 

11 

11 

91 

145 

119 

64 

6:00 

4.5 

4.5 

4.5 

4.5 

23 

47 

37 

11 

6:40 

0 

0 

0 

0 

0 

0 

0 

0 

TABLE  3.    SOLAR  RADIATION  (DIRECT  PLUS  SKY)  IMPINGING  AGAINST  WALLS  HAVING 
SEVERAL  ORIENTATIONS  AND  A  HORIZONTAL  SURFACE 

For  85  Deg  North  Latitude  on  August  1 


SUN 


INTENSITY  OF  SOLAR  RADIATION,  BTU  PER  SQ  FT  PER  HOUR 


TIME 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 
Surface 

5:07 

0 

0 

0 

0 

0 

0 

0 

0 

6:00 

43 

49 

27 

4.5 

4.5 

4.5 

4.5 

13 

7:00 

121 

151 

97 

11 

11 

11 

11 

72 

8:00 

147 

207 

155 

25 

17 

17 

17 

151 

9:00 

120 

194 

169 

49 

21 

21 

21 

213 

10:00 

71 

152 

156 

83 

23.5 

23.5 

23.5 

245 

11:00 

28 

94 

129 

103 

25.5 

25.5 

25.5 

288 

12:00 

26 

26 

84 

109 

84 

26 

26 

298 

1:00 

25.5 

25.5 

25.5 

103 

129 

94 

28 

288 

2:00 

23.5 

23.5 

23.5 

83 

156 

152 

71 

245 

3:00 

21 

21 

21 

49 

169 

194 

120 

213 

4:00 

17 

17 

17 

25 

155 

207 

147 

151 

5:00 

11 

11 

11 

11 

97 

151 

121 

72 

6:00 

4.5 

4.5 

4.5 

4.5 

27 

49 

43 

13 

6:53 

0 

0 

0 

0 

0 

0 

0 

0 
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TABLE  4.    SOLAR  RADIATION  (DIRECT  PLUS  SKY)  IMPINGING  AGAINST  WALLS  HAVING 

SEVERAL  ORIENTATIONS  AND  A  HORIZONTAL  SURFACE 

For  40  Peg  North  Latitude  on  August  1 


SUN 

TIME 

INTENSITY  OF  SOLAR  RADIATION,  BTU  PER  SQ  FT  PER  HOUR 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 
Surface 

4:50 

0 

0 

0 

0 

0 

0 

0 

0 

5:00 

5 

6 

4 

2.5 

2.5 

2.5 

2.5 

5 

6:00 

49 

56 

32 

4.5 

4.5 

4.5 

4,5 

20 

7:00 

123 

162 

109 

11 

11 

11 

11 

85 

8:00 

137 

211 

166 

29 

17 

17 

17 

160 

9:00 

102 

195 

181 

74 

21 

21 

21 

212 

10:00 

54 

152 

171 

103 

23.5 

23.5 

23.5 

244 

11:00 

28 

94 

144 

124 

41 

25.5 

25.5 

281 

12:00 

26 

26 

98 

128 

98 

26 

26 

290 

1:00 

25.5 

25.5 

41 

124 

144 

94 

28 

281 

2:00 

23.5 

23.5 

23.5 

103 

171 

152 

54 

244 

3:00 

21 

21 

21 

74 

181 

195 

102 

212 

4:00 

17 

17 

17 

29 

166 

211 

137 

160 

5:00 

11 

11 

11 

11 

109 

162 

123 

85 

6:00 

4.5 

4.5 

4.5 

4.5 

32 

56 

49 

20 

7:00 

2.5 

2.5 

2.5 

2.5 

4 

6 

5 

5 

7:10 

0 

0 

0 

0 

0 

0 

0 

0 

TABLE  5.    SOLAR  RADIATION  (DIRECT  PLUS  SKY)  IMPINGING  AGAINST  WALLS  HAVING 

SEVERAL  ORIENTATIONS  AND  A  HORIZONTAL  SURFACE 

For  45  Peg  North  Latitude  on  August  1 


SUN 
TIME 

INTENSITY  OF  SOLAR  RADIATION,  BTU  PER  SQ  FT  PER  HOUR 

Northeast 

East 

Southeast 

South 

Southwest 

West 

Northwest 

Horizontal 
Surface 

4:25 

0 

0 

0 

0 

0 

0 

0 

0 

5:00 

22 

20 

17 

3.5 

3.5 

3.5 

3.5 

9 

6:00 

87 

99 

56 

5.5 

5.5 

5.5 

5.5 

27 

7:00 

151 

192 

134 

12 

12 

12 

12 

89 

8:00 

144 

237 

188 

48 

17 

17 

17 

156 

9:00 

100 

199 

197 

93 

21 

21 

21 

205 

10:00 

46 

153 

184 

121 

23.5 

23.5 

23.5 

243 

11:00 

28 

94 

158 

146 

63 

25.5 

25.5 

259 

12:00 

26 

26 

116 

156 

116 

26 

26 

281 

1:00 

25.5 

25.5 

63 

146 

158 

94 

28 

259 

2:00 

23.5 

23.5 

23.5 

121 

184 

153 

46 

243 

3:00 

21 

21 

21 

93 

197 

199 

100 

205 

4:00 

17 

17 

17 

48 

188 

237 

144 

156 

5:00 

12 

12 

12 

12 

134 

192 

151 

89 

6:00 

5.5 

5.5 

5.5 

5.5 

56 

99 

87 

27 

7:00 

3.5 

3.5 

3.5 

3.5 

17 

20 

22 

9 

7:35 

0 

0 

0 

0 

0 

0 

0 

0 
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The  variation  in  radiation  intensity  on  differently  oriented  surfaces  is 
given  in  Fig.  1,  and  in  Tables  2,  3,  4  and  5.  The  greater  part  of  the  radi- 
ation intensity  is  always  direct  radiation  from  the  sun.  However,  during 
the  time  when  the  sun  is  shining,  any  surface  receives  radiation  of  a 
lower  intensity  coming  from  all  parts  of  the  sky  due  to  reflection  and 
refraction.  This  scattered  radiation  intensity  was  found  to  vary  from  a 
very  low  value  to  values  as  high  as  20  per  cent  of  the  total  radiation 
observed  on  certain  days  in  Pittsburgh.  The  curves  and  tables  are  for 
combined  direct  solar  and  scattered  sky  radiation,  and  are  given  to 
represent  expected  design  radiation  intensity  for  August  1.  They  were 
prepared  by  the  A.S.H.V.E.  Laboratory  from  data1  obtained  by  pyrhelio- 
meter  observations. 

A  study  of  these  curves  discloses  the  periodic  relationship  and  wide 
variation  in  solar  intensity  on  various  surfaces.  It  will  be  observed  that 
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FIG.  1.    SOLAR  INTENSITY  NORMAL  TO  SUN  ON  HORIZONTAL  SURFACE  AND  ON  WALLS 
FOR  AUGUST  1  AT  40  DEG  NORTH  LATITUDE 

both  the  roof  (horizontal  surface)  and  south  wall  radiation  curves  are  in 
exact  phase  relationship  with  each  other,  while  those  for  the  east  and 
west  walls  overlap  each  other  due  to  scattered  sky  radiation  on  the  west 
wall  during  the  forenoon  and  on  the  east  wall  during  the  afternoon. 
This  phase  relationship  has  an  important  bearing  on  the  cooling  load. 
Failure  to  consider  the  periodic  character  of  heat  flow  resulting  from 
diurnal  movement  of  the  sun  and  the  lag  due  to  heat  capacity  of  the 
structure,  which  determine  the  timing  and  magnitude  of  the  heat  wave 
flowing  through  the  wall,  may  result  in  a  large  error  in  load  calculations. 
The  values  of  solar  intensity  appearing  in  Fig.  1  must  not  be  confused 
with  the  actual  heat  transmission  through  the  wall  for  much  of  the  solar 
radiation  impinging  against  the  outer  surface  fails  to  pass  through  the 
wall.  Instead  it  is  delivered  to  the  outside  air  by  reflection,  radiation, 

1A.S.H.V.E.  RESEARCH  PAPER— Heat  Gain  Through  Glass  Blocks  by  Solar  Radiation  and  Trans- 
mittance,  by  F.  C.  Houghten,  David  Shore,  H.  T.  Olson  and  Burt  Gunst  (A.S.H.V.E.  JOURNAL  SECTION 
Heating,  Piping  and  Air  Conditioning,  April,  1940,  p,  264). 
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convection  and  conduction.  A  mathematical  solution  for  the  determina- 
tion of  solar  heat  transmission  has  been  developed  but  the  equations 
involved  are  too  complex  for  practical  application2. 

The  heat  flow  in  summer  through  various  types  of  roofs  and  walls  has 
been  measured  by  the  A.S.H.V.E.  Laboratory.  The  curves  in  Fig.  2, 
give  the  heat  flow  through  the  inside  surface  of  roofs3  with  details  of 
the  construction  of  the  roofs  tested.  The  condition  for  which  these 
results  are  given  are :  solar  radiation  for  40  deg  north  latitude  on  August  1 
as  given  in  Fig.  1  and  Table  4;  outdoor  design  temperature  reaching  a 
maximum  of  95  F  as  shown  by  the  temperature  curve  in  Fig.  2  and  an 
indoor  temperature  of  75  F. 


'Design  temperature 


Pitch  and  slag 
3  plies  felt  "* 


Double  poured 
pitch  and 
3  plies  felt 
set  in  pitch 
2  plies  fett 
Sheathing  paper' 
Wood 


Type  of  roof  and 
condition  tested 


U=Btu  per  sq 
ft  per  hr  per  F 

on  two  sides 


Heat  capacity, 
Btupersqft 
per  F  (Values 
for  dry  roof) 


2  in.  concrete,  smooth  asphalt 
finish  (black) 


0.40 


6.2S 


A  plus  aluminum  paint 


2  in.  concrete,  pitch  and  slag 


2  in.  concrete,  double  poured 
"  "  and  slag  (sprinkled) 


)  with  1  in.  water 


D  with  6  in.  water 


2  in.  plank,  pitch  and  slag 


2  in.  plank,  double  poured 
pitch  and  slag  (sprinkled) 


H  with  6  in.  water 


12          2P.M.   4  6 

SUN  TIME,  AUGUST  1 


FIG.  2.     RELATION  BETWEEN  TIME  AND  HEAT  FLOW  THROUGH  INSIDE  SURFACE  OF 
HORIZONTAL  ROOFS  CORRECTED  TO  DESIGN  DAY  OF  AUGUST  1 

Curves  in  Fig.  3  were  prepared  by  the  A.S.H.V.E.  Laboratory  from 
recent  tests  made  there  and  show  the  heat  flow  through  the  inside  surface 
of  three  types  of  walls  for  various  orientations.  The  results  are  given  for 
the  following  conditions :  90  per  cent  of  the  solar  radiation  given  in  Fig.  1 
and  Table  4  for  40  deg  N  latitude  on  August  1;  outdoor  design  tem- 
perature reaching  a  maximum  of  93  F  as  shown  by  the  temperature 
curve  in  Fig.  3  and  an  indoor  temperature  of  78  F  and  50  per  cent  relative 
humidity. 

The  heat  flow  shown  in  Figs.  2  and  3  is  a  combination  of  normal  trans- 
mission and  solar  radiation  transmission  and  is  the  total  heat  flow  through 
the  wall  or  roof.  Due  to  the  heat  capacity  of  walls  and  roofs  there  is  a 


'A.S.H.V.E.  RESEARCH  REPORT  No.  923— Heat  Transmission  as  Influenced  by  Heat  Capacity  and 
Solar  Radiation,  by  F.  C.  Houghten,  J.  L.  Blackshaw,  E.  W.  Pugh  and  Paul  McDermott  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  38,  1932,  p.  231). 

'A.S.H.V.E.  RESEARCH  PAPER  —  Summer  Cooling  Load  as  Affected  by  Heat  Gain  Through  Dry, 
Sprinkled  and  Water  Covered  Roofs,  by  F.  C.  Houghten,  H.  T.  Olson  and  Carl  Gutberlet  (A.S.H.V.E. 
JOURNAL  SECTION,  Heating,  Piping  and  Air  Conditioning,  July,  1940,  p.  451). 

131 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


time  lag4  in  the  transmission  of  heat  through  them  as  shown  by  the  curves. 
For  the  types  of  construction  covered  in  Figs.  2  and  3  and  for  the  con- 
ditions indicated,  the  heat  flow  through  the  inside  surface  at  any  given 
time  can  be  read  directly.  For  other  types  of  construction,  the  curves 
may  be  used  as  a  guide  in  estimating  the  heat  flow.  The  time  lag  for 
other  types  of  construction  is  included  in  Table  6  which  was  prepared  by 
the  A.S.H.V.E.  Laboratory  from  data  collected  by  it  and  by  other 
authorities. 

Solar  Radiation  Transmitted  Through  Glass 

Windows  present  a  problem  somewhat  different  from  that  of  opaque 
walls,  because  they  permit  a  large  percentage  of  the  solar  energy  to  pass 


FIG.  3.    RELATION  BETWEEN  TIME  AND  HEAT  FLOW  THROUGH  THE  INSIDE  SURFACE  OF 

WALLS  OF  DIFFERENT  CONSTRUCTION  AND  ORIENTATION  ON  A  93  F  DESIGN 

DAY  WITH  90  PER  CENT  OF  DESIGN  SOLAR  RADIATION 

Walls  BE,  BS,  BW  and  BN — 12  in.  solid  brick  and  plaster  facing  east,  south,  west  and  north  respectively. 

Walls  TE,  TS,  TW  and  TN— 4  in.  brick  veneer,  8  in.  tile  and  plaster  facing  east,  south,  west  and  north 
respectively. 

Walls  FE,  FS  and  FW — 4  in.  brick  veneer,  building  paper,  %  in.,  matched  sheathing,  2  x  4  in.  studs, 
metal  lath  and  plaster  facing  east,  south  and  west  respectively. 

through.  A  small  amount  is  reflected  and  the  balance  is  absorbed  by  the 
glass.  The  amount  absorbed  depends  upon  the  character  and  thickness 
of  the  glass  and  the  angle  between  it  and  the  sun's  rays.  The  temperature 
of  the  glass  is  raised  by  the  absorbed  heat  and  this  heat  is  then  delivered 
to  the  air  on  each  side  in  proportion  to  the  difference  between  the  glass 
and  air  temperatures5. 

The  A.S.H.V.E.  tests6  indicate  that  a  single  pane  of  double  strength 
glass  0.127  in.  thick  absorbs  approximately  11  per  cent  of  the  solar 

<Loc.  Cit.  Note  2. 

BHeat  Absorbing  Glass  Windows,  by  W.  W.  Shaver  (A.S.H.V.E.  TRANSACTIONS,  Vol.  41,  1935,  p.  287). 

SA.S.H.V.E.  RESEARCH  REPORT  No.  974 — Radiation  of  Energy  Through  Glass,  by  J.  L.  Blackshaw  and 
F.  C.  Houghten  (A.S.H.V.E.  TRANSACTIONS,  Vol.  40,  1934,  p.  93).  A.S.H.V.E  RESEARCH  REPORT  No.  975 
—Studies  of  Solar  Radiation  Through  Bare  and  Shaded  Windows  by  F.  C.  Houghten,  Carl  Gutberlet, 
and  J.  L.  Blackshaw  (A.S.H.V.E.  TRANSACTIONS,  Vol.  40,  1934,  p.  101). 
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TABLE  6,    TIME  LAG  IN  TRANSMISSION  OF  SOLAR  RADIATION 
THROUGH  WALLS  AND  ROOFS 


TYPE  AND  THICKNESS  OF  WALL  OR  ROOF 


TIME  LAG, 
HOURS 


1-in.  yellow  pine  horizontal  roof,  water  proofing,  smooth  black  finish 

2-in.  yellow  pine  horizontal  roof,  water  proofing,  smooth  black  finish 

4-in.  reinforced  clay  tile  horizontal  roof,  water  proofing,  slag  finish _ 

2-in.  gypsum  horizontal  roof,  water  proofing,  slag  finish 

Slate  and  slaters  felt  on  2)^  in.  tongue  and  grooved  yellow  pine,  sloped  roof 

4-in.  gypsum  horizontal  roof,  water  proofing,  slag  finish 

6-in.  concrete  horizontal  roof,  water  proofing,  slag  finish 

1-in.  concrete,  4-in.  cinders,  1-^-in.  concrete,  water  proofing,  smooth  black 
finish._ 

Wood  siding,  1-in.  sheathing,  2x4  studs,  lath  and  plaster. 

Wood  siding,  1-in.  sheathing,  2x4studs  (studding  space  filled  with  insula- 
tion) lath  and  plaster 

4-in.  brick,  1-in.  sheathing,  2x4  studs,  lath  and  plaster. 

4-in.  brick,  8-in.  tile  and  plaster 

13-in.  brick,  plastered - 

9-in.  brick,  3 H-'m.  tile,  5%-in.  air  space,  3%-in.  tile  and  1  M-in-  piaster.... 


8 
2 

5 

7 

10H 

12 
16 


radiation  passing  through  it  when  the  impingement  is  normal.  For  smaller 
angles  of  impingement,  the  glass  retards  percentages  of  the  total  radiant 
energy  approximately  in  proportion  to  the  sine  of  the  angle. 

The  amount  of  solar  radiation  delivered  to  an  unshaded  glass  surface 
may  be  obtained  from  Tables  2,  3,  4  or  5.  These  values  must  be  used  only 
for  the  net  glass  area  on  which  the  sun  shines  and  not  the  entire  glass 
area.  Tests  at  the  A.S.H.V.E.  Research  Laboratory7  have  determined 
the  percentage  of  heat  from  solar  radiation  actually  delivered  to  a  room 
with  various  types  of  outdoor  and  indoor  shading.  The  data  in  Table  7 
are  taken  from  these  tests. 

The  percentage  values  in  this  table  were  obtained  by  dividing  the  total 
amount  of  heat  actually  entering  through  the  shaded  window  by  the 
total  amount  of  heat  calculated  to  enter  through  a  bare  window  (solar 
radiation  plus  glass  transmission,  based  on  observed  outside  glass ^  tem- 
perature). For  bare  windows  on  which  the  sun  shines,  the  transmission 
of  heat  from  outside  air  to  glass  may  be  small  or  negative  as  the  glass 
temperature  is  raised  by  the  solar  radiation  absorbed. 

In  calculating  the  total  heat  gain  through  windows  on  the  sunny  side 
of  buildings,  it  is  sufficiently  accurate  to  proceed  as  outlined  herewith: 

TABLE  7.    SOLAR  RADIATION  TRANSMITTED  THROUGH  SHADED  WINDOWS 


TYPE  OP  APPURTENANCE 

FINISH 
FACING 

STTN 

PEB  CENT 
DELIVERED 
TO  ROOM 

Canvas  awning 

Plain 
Aluminum 
Aluminum 
Buff 
Aluminum 
Aluminum 

28 
22 
45 
68 
58 
22 

Canvas  awning 

Inside  shade  fully  drawn 

Inside  shade,  one-half  drawn.  

Inside  Venetian  blind,  fully  covering  window,  slats  at  45  deg  
Outside  Venetian  blind,  fully  covering  window,  slats  at  45  deg.... 

'Loc.  Cit.  Note  6. 
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Consider  the  total  heat  gain  as  that  resulting  from  solar  radiation  and 
neglect  the  heat  transmission  through  the  glass  caused  by  the  difference 
between  the  temperatures  of  the  inside  and  outside  air*  This  method 
should  be  used  except  at  times  when  the  calculated  heat  gain  per  square 
foot  due  to  normal  transmission  exceeds  the  solar  intensity.  At  such 
times,  solar  radiation  may  be  neglected  and  the  total  heat  gain  considered 
as  resulting  from  normal  transmission. 

The  solar  heat  transmission  through  windows  or  skylights  may  be 
expressed  by  the  formula: 

HG  =  AGfI  (2) 

where 

HG  =  solar  radiation  transmitted  through  a  window,  Btu  per  hour. 
AG  =  net  area  of  glass  exposed  to  sun's  rays,  square  feet. 
/  =  percentage  of  solar  radiation    (expressed  as  a  decimal)  transmitted  to  the 

inside  (Table  7).    For  bare  windows,  /  =  1. 

I  =  intensity  of  solar  radiation  striking  surface,  Btu  per  hour  per  square  foot 
(Tables  2,  3,  4  and  5). 

In  Equation  2,  /  —  1  for  bare  windows  because  the  tests  from  which 
Table  7  was  obtained  showed  that  approximately  all  of  the  solar  radiation 
impinging  on  a  bare  window  became  a  part  of  the  heat  load  in  the  room. 
This  was  because  almost  all  of  the  heat  absorbed  by  the  glass  flowed  into 
the  room  by  conduction.  Other  tests8  have  indicated  that  in  the  case  of 
a  building  having  floors  of  high  heat  capacity  such  as  concrete  floors  on 
which  the  solar  radiation  falls,  approximately  one-half  of  the  heat  entering 
a  bare  window  is  absorbed  by  the  floor  and  does  not  immediately  become 
a  part  of  the  cooling  load,  but  is  delivered  back  to  the  air  in  the  building 
at  a  slow  rate  over  a  period  of  24  hours  or  longer. 

The  maximum  solar  intensity  on  any  surface  is  of  limited  duration  as 
shown  in  Fig.  1.  In  the  case  of  windows  the  total  energy  impinging  on  the 
glass  before  and  after  the  time  of  maximum  intensity  is  further  reduced 
by  increased  shading  of  the  glass  from  the  frame,  or  wall.  The  cooling 
load  due  to  solar  radiation  therefore  does  not  have  to  be  calculated  as  a 
steady  load.  Another  point  which  should  be  noted  is  that  the  maximum 
solar  radiation  load  on  the  east  wall  occurs  early  in  the  morning  when  the 
outside  temperature  is  low. 

^Tests  have  been  made  which  indicated  that  solar  radiation  through 
window  glass  is  the  most  important  factor  to  contend  with  in  the  cooling 
of  an  office  building.  At  times  it  was  shown  to  account  for  as  much  as 
75  per  cent  of  the  total  cooling  necessary.  Because  of  the  importance  of 
the  sun  load,  cooling  systems  should  be  zoned  so  that  the  side  of  the 
building  on  which  the  sun  is  shining  can  be  controlled  separately  from  the 
other  sides^  of  the  building.  If  buildings  are  provided  with  awnings  so 
that^the  window  glass  is  shielded  from  sunshine,  the  amount  of  cooling 
required  will  be  reduced  and  there  will  also  be  less  difference  in  the  cooling 
requirements  of  different  sides  of  the  building.  The  total  cooling  load 
for  a  building  exposed  to  the  sun  on  more  than  one  side  is  of  course  less 
than  the  sum  of  the  maximum  cooling  loads  in  the  individual  rooms  since 
the  maximum  solar  radiation  load  on  the  different  sides  occurs  at  different 

•n  "£:S-H:V-?:  RESEARCH  REPORT  No.  1002— Cooling  Requirements  of  Single  Rooms  in  a  Modern  Office 
Building,  by  F.  C.  Houghten,  Carl  Gutberlet,  and  Albert  J.  Wahl  (A.S.H.V.E.  TRANSACTIONS,  Vol.  41, 
p.  53). 
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times.  In  determining  the  total  cooling  load  for  a  building  if  the  time 
when  the  maximum  load  occurs  is  not  obvious,  the  load  should  be  calcu- 
lated for  various  times  of  day  to  determine  the  times  at  which  the  sum 
of  the  loads  on  the  different  sides  of  the  building  is  a  maximum. 

The  direct  solar  and  scattered  sky  radiation  penetration  through  glass 
block  panels  is  given  in  Table  8  for  various  times  of  the  day  for  south 
east  and  west  exposures  for  different  latitudes  on  August  1.  This  table 
also  gives  the  total  heat  gain  into  an  air  conditioned  space  when  78  F  is 
maintained  indoors,  resulting  from  the  effect  of  both  radiation  and  air  to 
air  transmission.  These  values  result  from  A.S.H.V.E.  Laboratory  datag 
and  apply  for  expected  design  radiation  intensity,  and  for  a  design  day 

TABLE  8.    HEAT  GAIN  THROUGH  GLASS  BLOCKS'* 


SOLAR  RADIATION  HEAT  GAIN 

(DIRECT  PLUS  SKY) 
BTU  PER  SQ  FT  PER  HOUR 


SIDE 

EASTC 

WESTC 

SOUTH 

EASTC 

WESTC 

SOUTH 

N.  LATITUDE 
DEGREES 

40 

40 

30 

35 

40 

45 

40 

40 

30 

35 

40 

45 

Sun 
Time 

Outside 
TempF 

65.0 
63.0 
40.0 
24.0 

0.0 
5.0 
6.0 

1.0 
3.0 
5.5 
8.5 

2.8 
4.4 
7.1 
11.3 

3.0 
6.5 
10.2 
14.7 

5.0 
11.0 
13.4 
17.1 

61.0 
77.5 
73.5 
57.5 

5.0 
6.5 

-4.5 

0.0 
5.0 
11.0 

-2.0 
2.0 
7.0 
15.0 

-0.5 
4.0 
10.0 
18.0 

1.0 
5.0 
12.0 
20.8 

7:00 
8:00 
9:00 
10:00 

74 
76 
79 
83 

11:00 
12:00 
1:00 

87 
90 
93 

15.5 
10.0 
7.0 

7.0 
10.0 
15.5 

12.0 
14.0 
12.0 

15.2 
17.4 
15.2 

18.7 
21.0 
18.7 

21.8 
24.8 
21.8 

45.0 
36.5 
30.0 

7.5 
10.5 
22.0 

16.5 
21.5 
25.0 

22.0 
28.0 
31.8 

25.5 
33.8 
38.5 

32.0 
40.8 
46.0 

2:00 
3:00 
4:00 

94 
95 
95 

6.0 
5.0 
4.5 

24.0 
40.0 
65.0 

8.5 
5.5 
3.0 

11.3 
7.1 
4.4 

14.7 
10.2 
6.5 

17.1 
13.4 
11.0 

24.0 
19.5 
15.5 

35.0 
55.0 
77.0 

26.0 
24.0 
20.0 

32.0 
29.8 
25.5 

39.0 
36.5 
31.5 

47.0 
45.0 
40.5 

5:00 
6:00 
7:00 

93 
91 
89 

4.0 
2.5 
1.5 

63.0 
23.5 
0.0 

1.0 
0.0 

2.8 
0.7 

3.0 
0.7 
0.0 

5.0 
3.0 
0.7 

12.5 
10.5 
8.0 

85.5 
55.0 
18.5 

15.0 
9.5 
3.5 

20.0 
13.5 
7.0 

25.2 
18.0 
11.0 

33.5 
25.5 

18.0 

TOTAL  HEAT  GAIN!>  (SOLAR  RADIATION 

PLUS  NORMAL  TRANSMISSION) 

BTU  PER  SQ  FT  PER  HOUR 


aFor  August  1. 
oinside  temperature,  78  F. 

cFor  east  and  west  walls  these  values  can  be  applied  to  all  latitudes  between  30  and  45  deg  N  without 
excessive  errors. 

having  a  maximum  temperature  of  95  F.  The  resulting  heat  gains  are 
averages  for  four  typical  glass  block  designs,  two  having  smooth  exterior 
faces,  and  the  other  two  having  exterior  ribbed  faces,  as  made  by  two 
different  manufacturers. 

Heat  Emission  of  Occupants 

The  heat  and  moisture  given  off  by  human  beings  under  different  states 
of  activity  are  shown  in  various  tables  and  figures  of  Chapter  2  which 
covers  the  physical  and  physiological  principles  of  air  conditioning.  It 
will  be  observed  from  these  data  that  the  rate  of  sensible  and  latent 
heat  emission  by  human  beings  varies  greatly  depending  upon  state  of 
activity.  In  many  applications  this  component  becomes  a  large  per- 


»Loc.  Cit.  Note  1. 
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centage  of  total  load.  Metabolic  rates  are  markedly  variable  for  some 
extreme  environmental  conditions  and  this  is  another  important  factor 
which  must  be  considered  in  cooling  load  computations. 

Heat  Introduced  by  Outside  Air 

An  allowance  must  be  made  for  the  heat  and  moisture  in  the  outside 
air  introduced  for  ventilation  purposes  or  entering  the  building  through 
cracks,  doors,  and  other  places  where  infiltration  might  occur. 

The  volume  of  air  entering  due  to  infiltration  may  be  estimated  from 
data  given  in  Chapter  4.  Information  on  the  amount  of  outside  air 
required  for  ventilation  will  be  found  in  Chapter  2. 

In  the  event  the  volume  of  air  entering  an  enclosure  due  to  infiltration 
exceeds  that  required  for  ventilation,  the  former  should  be  used  as  a  basis 
for  determining  the  portion  of  the  load  contributed  by  outside  air.  Where 
volume  of  air  required  for  ventilation  exceeds  that  due  to  infiltration  it  is 
assumed  that  a  slight  positive  pressure  will  exist  within  the  enclosure  with 
a  resulting  exfiltration  instead  of  infiltration.  In  this  case  the  air  required 
for  ventilation  is  used  in  determining  outside  air  load. 

The  heat  gain  resulting  from  outside  air  introduced  may  be  determined 
by  the  following  formula: 

H  -  -£-  ft,  -  *0  (3) 

where 

H  =  heat  to  be  removed  from  outside  air  entering  the  building,  Btu  per  hour. 
Q  =  volume  of  outside  air  entering  building,  cubic  feet  per  hour. 
*  —  cubic  feet  of  outside  air  per  pound  of  dry  air. 
h0  =  enthalpy  of  outside  air,  Btu  per  pound  of  dry  air. 
hi  =  enthalpy  of  inside  air,  Btu  per  pound  of  dry  air. 

The  latent  heat  gain  resulting  from  outside  air  introduced  maybe 
determined  by  the  following  formula: 

Hi  =  -£-  fog  (W0  -  Wi)  (4) 

where 

H\  =  latent  heat  to  be  removed,  Btu  per  hour. 

hfs  —  latent  heat  of  evaporation  at  temperature  at  which  water  is  condensed,  Btu 

per  pound. 

WQ  —  humidity  ratio  of  outside  air,  pounds  water  per  pound  dry  air. 
Wi  =  humidity  ratio  of  inside  air,  pounds  water  per  pound  dry  air. 

Heat  Emission  of  Appliances 

Heat  generating  appliances  which  give  off  either  sensible  heat  or  both 
sensible  and  latent  heat  in  an  air  conditioned  enclosure  may  be  divided 
into  three  general  classes  of  equipment  or  devices : 

1.  Electrical  appliances. 

2.  Gas  appliances. 

3.  Steam  heating  appliances. 
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In  the  first  group  may  be  found  such  devices  as  lights,  motors,  toasters, 
waffle  irons,  etc.  The  capacities  of  most  electrical  devices  may  be 
determined  from  the  watt  capacity  indicated  on  their  name  plates. 
The  Btu  equivalent  of  heat  generated  per  hour  is  determined  by  multi- 
plying the  watt  capacity  by  3.4  (one  watthour  is  equivalent  to  3.413  Btu). 

The  capacities  of  electric  motors  are  usually  expressed  in  terms  of 
horsepower  instead  of  watts.  If  the  motor  efficiency  is  known,  the  watts 
input  may  be  calculated  from  the  formula: 

P  =   ™»(*rt  (5) 

n 

where 

P  =  motor  input,  watts. 
hp  =  motor  load,  horsepower. 
n  =  motor  efficiency  (expressed  as  a  decimal). 

When  the  motor  efficiency  is  not  known  the  heat  equivalent  of  electrical 
input  can  be  approximately  determined  by  applying  data  given  in  Table  9. 

TABLE  9.    HEAT  GENERATED  BY  MOTORS 


NAMEPLATE  RATING  HORSEPOWER 

HEAT  GAIN  IN  BTU  PER  EOXTB  PER  HORSEPOWER 

Connected  Load  in  Same  Room 

Connected  Load  Outside  of  Room 

ystoy2 
J^toS 
3    to  20 

4250 
3700 
2950 

1700 
1150 
400 

In  the  second  group  belong  such  appliances  as  coffee  urns,  gas  ranges, 
steam  tables,  broilers,  hot  plates,  etc.  For  heat  generating  capacities 
of  such  appliances  refer  to  Table  10. 

Considerable  judgment  must  be  exercised  in  the  use  of  data  given  in 
Table  10.  Consideration  must  be  given  to  time  of  day  when  appliances 
are  used  and  the  heat  they  contribute  at  time  of  peak  load.  Only  those 
appliances  in  use  at  the  time  of  the  peak  load  need  be  considered.  Con- 
sideration must  also  be  given  to  the  way  appliances  are  installed,  whether 
products  of  combustion  are  vented  to  a  flue,  whether  they  escape  into  the 
space  to  be  conditioned,  or  whether  appliances  are  hooded  allowing  part 
of  the  heat  to  escape  through  a  stack.  There  are  no  generally  accepted 
data  available  on  the  effects  of  venting  and  shielding  heating  appliances 
but  it  is  believed  that,  when  they  are  properly  hooded  with  a  positive 
fan  exhaust  system  through  the  hood,  50  per  cent  of  the  heat  will  be 
carried  away  and  50  per  cent  dissipated  in  the  space  to  be  conditioned. 
Where  latent  as  well  as  sensible  heat  is  given  off,  it  is  usually  safe  to 
assume  that  all  latent  heat  will  be  removed  by  a  properly  designed  and 
operated  vent  or  hood. 

ILLUSTRATION 

From  the  foregoing  discussion  it  is  obvious  that  the  determination  of 
the  maximum  cooling  load  is  rather  complicated  by  reason  of  the  variable 
nature  of  contributing  load  components. 
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TABLE  10.    HEAT  GAIN  FROM  VARIOUS  SOURCES 

SOUECE 

BTU  PER  HOUR 

Sensible 

Latent 

Total 

Electric  Heating  Equipment 

Electrical  Equipment  —  Dry  Heat  —  No  Evaporated  Water  

100% 
80% 
50% 
3.4 
3413 
1025 
* 
* 
8000 
105 
615 
1300 
2160 
* 
* 
945 

* 
# 
2050 
2050 

0% 
20% 
50% 
0 
0 
1025 
* 
* 
2000 
300 
0 
500 
240 
* 
* 
105 

# 
* 
* 

0 
0 

100% 
100% 
100% 
3.4 
3413 
2050 
2050 
4505 
10000 
405 
615 
1800 
2400 
6000 
1365 
1050 
1365 
2750 
700 
2050 
2050 

Electric  Oven  —  Baking  ....           

Electric  Equipment  —  Heating  Water  —  Stewing,  Boiling,  etc. 

Electric  Lights  and  Appliances  per  Watt  (Dry  Heat)  

Electric  Lights  and  Appliances  per  Kilowatt  (Dry  Heat) 

Coffee  Urn  —  Per  Gallon  Capacity           

Electric  Range,  Household  —  Small  Burner  (60%  of  connected  load)  
Electric  Range,  Household  —  Large  Burner  (60%  of  connected  load)  
Electric  Range,  Household  —  Oven  
Steam  Table  —  Per  Square  Foot  of  Top  Surface  (35%  of  connected  load)  
Plate  Warmer  —  Per  Cubic  Foot  Inside  Volume  (50%  of  connected  load)  
Bakers  Oven  —  Per  Cubic  Foot  Inside  Volume  (60%  of  connected  load)  
Frying  Griddles—  Per  Square  Foot  of  Top  Surface  (60%  of  connected  load)  
Hot  Plates—  Per  Square  Foot  of  Top  Surface  (60%  of  connected  load)  
Waffle  Baker  —  Per  Section  (40%  of  connected  load)        

Toaster  —  Per  Slice  (50%  of  connected  load)          

Glass  Coffee  Maker  —  Per  Section  

Sandwich  Grille  —  Per  Square  Foot  of  Area  (60%  of  connected  load) 

Fry  Kettle  —  Per  Pound  Fat  Capacity  (60%  of  connected  load)  

Hair  Dryer  in  Beauty  Parlor  —  600  w  

Permanent  Wave  Machine  in  Beauty  Parlor—  24-25  w  Units  

Gas  Burning  Equipment 

Gas  Equipment  —  Dry  Heat  —  No  Water  Evaporated  . 

90% 
67% 

12000 
5000 

5000 
3000 
500 
2500 
400 
540 
2250 
2250 

4500 
2250 
900 
500 
135 

33^ 
50% 

6000 
5000 

5000 
3000 
500 
2500 
900 
60 
250 
250 

* 
# 
500 
250 
100 
50 
15 

100% 
100% 
100% 
10000 
18000 
10000 
12000 
9000 
18000 
250 
100000 
100 
250 
1800 
10000 
6000 
1000 
5000 
1300 
600 
2500 
2500 
5000 
3000 
3000 
1800 
3000 
1800 
5000 
3000 
5000 
2500 
1000 
550 
150 

Gas  Heated  Oven  —  Baking.  

Gas  Equipment  —  Heating  Water  —  Stewing,  Boiling,  etc. 

Stove,  Domestic  Type  —  No  Water  Evaporated  —  Per  Medium  Size  Burner  
Gas  Heated  Oven  —  Domestic  Type  

Stove,  Domestic  Type  —  Heating  Water  —  Per  Medium  Size  Burner    

Residence  Gas  Range  —  Giant  Burner  (About  5H  in.  Diameter)  
Residence  Gas  Range  —  Medium  Burner  (About  4  in.  Diameter)  

Residence  Gas  Range  —  Double  Oven  (Total  Size  18  in.  x  18  in.  x  22  in.  High).... 
Residence  Gas  Range  —  Pilot          

Restaurant  Range—  4  Burners  and  Oven  

Cast-iron  Burner  —  Low  Flame  —  Per  Hole  ... 

Cast-Iron  Burner  —  High  Flame  —  Per  Hole  

Simmering  Burner  

Coffee  Urn  —  Large,  18  in.  Diameter  —  Single  Drum  

Coffee  Urn  —  Small,  12  in.  Diameter  —  Single  Drum 

Coffee  Urn  —  Per  Gallon  of  Rated  Capacity  

Egg  Boiler  —  Per  Egg  Compartment  

Steam  Table  or  Serving  Table  —  Per  Square  Foot  of  Top  Surface  

Dish  Warmer  —  Per  Square  Foot  of  Shelf  

Cigar  Lighter  —  Continuous  Flame  Type 

Curling  Iron  Heater.  

Bunsen  Type  Burner  —  Large  —  Natural  Gas.    . 

Bunsen  Type  Burner  —  Large  —  Artificial  Gas  

Bunsen  Type  Burner  —  Small  —  Natural  Gas. 

Bunsen  Type  Burner  —  Small  —  Artificial  Gas  

Welsbach  Burner  —  Natural  Gas  

Welsbach  Burner  —  Artificial  Gas       

Fish-tail  Burner—  Natural  Gas  

Fish-tail  Burner—  Artificial  Gas       

Lighting  Fixture  Outlet  —  Large,  3  Mantle  480  C.P  
Lighting  Fixture  Outlet  —  Small,  1  Mantle  160  C.P  

One  Cubic  Foot  of  Natural  Gas  Generates  

One  Cubic  Foot  of  Artificial  Gas  Generates  
One  Cubic  Foot  of  Producer  Gas  Generates  

Steam  Heated  Equipment 


Steam  Heated  Surface  Not  Polished  —  Per  Square  Foot  of  Surface 

330 

o 

330 

Steam  Heated  Surface  Polished  —  Per  Square  Foot  of  Surface  j  
Insulated  Surface,  Per  Square  Foot  

130 
80 

0 

o 

130 
80 

Bare  Pipes,  Not  Polished  Per  Square  Foot  of  Surface.  

400 

0 

400 

Bare  Pipes,  Polished  Per  Square  Foot  of  Surface... 

220 

o 

220 

Insulated  Pipes,  Per  Square  Foot  

110 

0 

110 

Coffee  Urn  —  Large,  18  in.  Diameter  —  Single  Drum      

2000 

2000 

4000 

Coffee  Urn—  Small,  12  in.  Diameter  —  Single  Drum._  

1200 

1200 

2400 

Egg  Boiler  —  Per  Egg  Compartment  
Steam  Table  —  Per  Square  Foot  of  Top  Surface  

2500 
300 

2500 
800 

5000 
1100 

Miscellaneous 


Heat  Liberated  By  Food  per  person,  as  in  a  Restaurant 

Heat  Liberated  from  Hot  Water  used  direct  and  on  towels  per  hour — Barber  Shops 


30  I 
100 


30 
200 


60 
300 


*Per  cent  sensible  and  latent  heat  depends  upon  use  of  equipment;  dry  heat,  baking  or  boiling. 
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Application  of  the  foregoing  data  in  determining  cooling  load  require- 
ments is  illustrated  in  Example  1. 

Example  1.  Determine  cooling  load  requirements  for  a  clothing  store  illustrated  in 
Fig.  4  and  located  in  Pittsburgh,  Pa.,  Latitude  40  deg.  This  is  a  one-story  building 
located  on  a  corner  and  it  faces  south  and  west.  Assume  building  on  east  and  north 
sides  conditioned. 

Wall  construction,  8  in.  hollow  tile,  4  in.  brick  veneer,  plaster  on  walls,  U  —  0.33 
(Table  4,  Chapter  3,  No.  38  B). 

Roof  construction,  2  in.  concrete,  %  in.  rigid  insulation,  metal  lath  and  plaster 
ceiling,  U  -  0.26  (Table  11,  Chapter  3,  No.  2  J). 

Floor,  maple  flooring  on  yellow  pine,  no  ceiling  below,  U  =  0.34  (Table  8,  Chapter  3, 
No.  1  D). 

Partition,  wood  lath  and  plaster  on  both  sides  of  studding,  U  —  0.34  (Table  6, 
Chapter  3,  No.  77  B). 

Show  windows,  provided  with  awnings  and  thin  panel  partition  at  rear. 

Front  doors,  2  ft  6  in.  x  7  ft  (glass  paneled). 

Side  door,  3  ft  x  7  ft  (glass  paneled),  U  =  1.13  (Table  13  A,  Chapter  3). 

Occupancy,  10  clerks,  40  patrons. 

Lights,  4200  w. 

Outside  design  conditions,  dry-bulb  95  F;  wet-bulb  75  F. 

Inside  design  conditions,  dry-bulb  80  F;  wet-bulb  67  F. 

Basement  temperature,  85  F. 

Store  room  temperature,  88  F. 

Solution.  It  is  obvious  from  the  shape  and  exposure  of  this  store  and  the  large  glass 
area  on  the  west  side  that  the  maximum  cooling  load  will  occur  during  the  afternoon 
when  the  sun  is  shining  on  the  west  wall.  From  Fig.  1,  the  peak  load  may  be  expected 
at  4:00  p.m. 

The  combined  normal  transmission  and  solar  radiation  transmission  through  the  roof 
at  4:00  p.  m.  is  obtained  from  Fig.  2.  While  none  of  the  roofs  in  Fig.  2  is  exactly  like 
this  one,  roof  C  is  similar.  A  heat  flow  of  11  Btu  per  square  foot  per  hour  was  assumed, 


Store  room 


Ceiling  height,  12-'(T 


-54'CT 


8'x6'  14'x6'  14'x6' 

FIG.  4.    PLAN  DIAGRAM  OF  CLOTHING  STORE 
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slightly  less  than  for  roof  C.  The  combined  normal  transmission  and  solar  radiation 
transmission  through  the  south  and  west  walls  at  4:00  p.m.  is  obtained  from  curves  TS 
and  TW  in  Fig.  3. 

The  normal  heat  transmission  through  the  south  glass,  floor  and  partition  is  deter- 
mined by  application  of  Formula  1.  Solar  radiation  transmission  through  the  south 
glass  can  be  neglected.  The  solar  intensity  7  for  the  south  side  at  4:00  p.m.  is  29.  Apply- 
ing a  shade  factor  of  0.28,  the  calculated  solar  radiation  transmission  is  29  X  0.28  =  8 
Btu  per  square  foot  per  hour  which  is  less  than  the  normal  transmission,  therefore  the 
total  heat  gain  can  be  taken  as  that  due  to  normal  transmission. 

Solar  radiation  intensity  on  the  west  glass  at  4:00  p.m.  from  Table  4  is  211  Btu  per 
square  foot  per  hour.  As  explained  in  the  text,  normal  transmission  can  be  neglected 
because  it  is  small  in  comparison  with  solar  radiation  transmission. 

To  determine  the  heat  gain  from  the  outside  air  it  is  necessary  first  to  determine  the 
volume  of  the  outside  air  to  be  introduced.  Since  the  show  windows  are  sealed  so  as  not 
to  permit  infiltration  and  since  there  are  only  three  doors  in  this  store  through  which 
infiltration  can  take  place,  it  is  obvious  that  infiltration  of  air  will  be  a  negligible  quan- 
tity. The  volume  of  the  store  is  21,600  cu  ft.  Good  practice  indicates  that  in  a  store 
of  this  character  there  should  be  a  minimum  of  from  1  to  1 J^  outside  air  changes  per  hour. 
On  a  basis  of  1J^  air  changes  the  volume  of  outside  air  to  be  introduced  would  be  32,400 
cfh.  The  minimum  ventilation  requirements  as  given  in  the  CODE  OF  MINIMUM  REQUIRE- 
MENTS FOR  COMFORT  AIR  CONDITIONING10  are  10  cfm  per  person.  On  this  basis  the 
ventilation  requirements  would  be  30,000  cfh.  Since  this  will  produce  approximately 
1)4  outside  air  changes  per  hour,  30,000  cfh  will  be  considered  in  this  application. 

To  determine  load  imposed  by  occupants  it  will  be  found  from  Table  4,  Chapter  2 
that  the  average  person  standing  at  rest  will  dissipate  431  Btu  per  hour  and  that  the 
moisture  dissipated  is  0.199  Ib  per  hour. 

To  determine  the  latent  heat  load,  the  sum  of  the  moisture  evaporated  from  occupants 
and  that  to  be  removed  from  outside  air  is  multiplied  by  the  latent  heat  of  evaporation 
at  the  temperature  at  which  the  moisture  is  condensed  in  the  conditioner.  Since  outside 
air  is  positively  introduced,  a  mixture  of  outside  and  recirculated  air  passes  through  the 
conditioner.  To  remove  the  moisture,  the  air  must  be  cooled  to  a  temperature  below  the 
dew-point  of  the  mixture.  To  obtain  an  approximate  value  of  the  latent  heat  of  evapora- 
tion, assume  that  the  air  is  cooled  to  55  F.  At  this  temperature,  hfs  —  1062.7  Btu 
per  hour  (steam  table). 


COMBINED  NORMAL  AND  SOLAR  RADIATION  TRANSMISSION: 


SURFACE 

DIMENSIONS 

AREA 
SqFx 

BTU  PER  HOUR 
PER  SQ  FT 

BTU  PER 
HOUR 

SWall 
WWall 
Roof 

Total 

(30  ft  x  12  ft)  -  155 
(60  ft  x  12  ft)  -  321 
60  ft  x  30  ft 

205 
399 
1800 

3 

2.5 
11 

615 
998 
19,800 

21,413 

NORMAL  TRANSMISSION  : 


SURFACE 

DIMENSIONS 

AREA 
SQ.FT 

U 

TEMP.  DIFF. 
DEG  F 

BTU  PER 
HOUR 

S  Glass 

Floor 
N  Partition 

Total 

2  (2  ft  6  in.  x  7  ft)  -h 
2  (10  ft  x  6  ft) 
26  ft  x  54  ft 
30  ft  x  12  ft 

155 
1404 
360 

1.13 
0.34 
0.34 

15 
5 

8 

2,627 
2,387 
979 

5,993 

"Code  of  Minimum  Requirements  for  Comfort  Air  Conditioning  (A.S.H.V.E.  TRANSACTIONS,  Vol.  44, 
1938,  p.  27).    Reprints  of  this  code  are  available  at  §.10  a  copy. 
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SOLAR  RADIATION  THROUGH  GLASS: 

W  Glass.    ^G  =  3  (14  ft  X  6  ft)  +  (8  ft  X  6  ft)  +  (3  ft  X  7  ft)  =  321  sq  ft 
HG  =  321  X  0.28  X  211  -  18,965  Btu  per  hour  (Equation  2). 

OUTSIDE  AIR: 

H  =  -^-  (h0  -  hi)  (Equation  3). 

v  =  z>a  +  tubs  (Equation  17,  Chapter  1). 
va  =  specific  volume  of  dry  air  at  95  F  =  13.97  cu  ft  per  pound  (Table  6,  Chapter  1). 

z/as  =  difference  between  volume  of  saturated  mixture  and  specific  volume  of  dry  air 
at  95  F  =  0.82  cu  ft  per  pound  (Table  6,  Chapter  1). 

\L  =  per  cent  saturation  at  95  F  dry-bulb  and  75  F  wet-bulb  =  38.4  per  cent  (by 
calculation,  Chapter  1). 

v  =  13.97  +  (0.384  X  0.82)  =  14.28  cu  ft  per  pound  dry  air. 
/ZQ  =  ^a  +  t^as  (Equation  19,  Chapter  1). 
hz  =  specific  enthalpy  of  dry  air  at  95  F  =  22.80  Btu  per  pound  (Table  6,  Chapter  1). 

^as  =  difference  between  enthalpy  of  saturated  mixture  and  specific  enthalpy  of 
dry  air  at  95  F  =  40.25  Btu  per  pound  (Table  6,  Chapter  1). 

h0  =  22.80  +  (0.384  X  40.25)  =  38.26  Btu  per  pound  dry  air. 
[x  at  80  F  dry-bulb  and  67  F  wet-bulb  =  50.2  per  cent  (by  calculation,  Chapter  1). 


h[  =  &a  +  ii&aa  =  19.19  +  (0.502  X  24.32)  »  31,40  Btu  per  pound  dry  air  (Table  6, 
Chapter  1). 

on  (\r\r\ 
H  =  ^7^     (38.26  -  31.40)  =  14,410  Btu  per  hour. 


W0  =  humidity  ratio  of  outside  air  at  95  F  and  75  F  =  0.384  X  0.03652  =  0.01402  Ib 
water  per  pound  dry  air.    (Equation  14,  Chapter  1). 

Wi  =  humidity  ratio  of  inside  air  at  80  F  and  67  F  »  0.502  X  0.02221  =  0.01115  Ib 
water  per  pound  dry  air.    (Equation  14,  Chapter  1), 

Weight  of  water  to  be  removed  -  -£  (W0  -  Wi)  =  ^£-  (0.01402  -  0.01115) 

V 

6.03  Ib  per  hour. 


OCCUPANTS: 

50  X  431  =  21,550  Btu  per  hour. 

50  X  0.199  =  9.95  Ib  water  per  hour  evaporated. 

LIGHTS: 

4200  X  3.413  »  14,335  Btu  per  hour. 
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SUMMARY: 


COMPONENT  OF  LOAD 

BTU 

PER  HOUR 

Combined  Normal  and  Solar  R3.dia.tion  Transmission                   

21,413 

Normal  Transmission                              

5,993 

Solar  Radiation  Through  Glass                                        

18,965 

Outside  Air                                       

14,410 

Occupants                                                

21,550 

Lights                                                  

14,335 

Total                                                 

96,664 

LATENT  HEAT: 

Outside  air 
Occupants 


6.03  Ib  water  per  hour. 
9.95  Ib  water  per  hour. 


15.98  Ib  water  per  hour. 
15.98  X  hfg  =  15.98  X  1062.7  =  16,980  Btu  per  hour. 
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Chapter  7 

COMBUSTION  AND  FUELS 

Principles    of    Combustion,    Classification    of    Coals,    Firing 
Methods  for  Coals,  Firing  Methods  for  Coke,  Dustless  Treat- 
ment of  Coal9  Classification  of  Oils,  Combustion  of  Oil,  Classi- 
fication of  Gas,  Combustion  of  Gas 

THE  data  given  in  the  first  part  of  this  chapter  are  of  general  appli- 
cation to  the  various  fuels  used  in  domestic  heating  which  are  coal, 
coke,  ^oil  and  gas.     The  choice  of  fuel  is  a  question  of  dependability, 
cleanliness,  fuel  availability,  economy,  operating  requirements  and  control. 

FUNDAMENTAL  PRINCIPLES  OF  COMBUSTION 

Combustion  may  be  defined  as  the  chemical  combination  of  a  substance 
with  oxygen  with  a  resultant  evolution  of  heat.  The  rate  of  combustion 
depends  partly  upon  the  specific  rate  of  reaction  of  the  combustible 
substance  with  oxygen  and  partly  upon  the  rate  at  which  oxygen  is 
supplied  and  the  surrounding  conditions  as  they  define  the  temperature. 

Complete  combustion  is  obtained  when  all  of  the  combustible  elements  in 
the  fuel  are  oxidized  with  all  of  the  oxygen  with  which  they  can  combine. 
All  of  the  oxygen  supplied  may  not  be  utilized. 

Perfect  combustion  is  defined  as  the  result  of  supplying  the  required 
amount  of  oxygen  for  combination  with  all  of  the  combustible  elements 
of  the  fuel  and  utilizing  all  of  the  oxygen  so  supplied. 

The  oxygen  required  for  the  process  of  combustion  is  obtained  from  air 
which  is  a  mechanical  mixture  of  oxygen,  nitrogen  and  small  amounts  of 
carbon  dioxide,  water  vapor  and  inert  gases.  These  inert  gases  are 
generally  included  with  the  nitrogen,  and  for  engineering  purposes  the 
values  given  herewith  may  be  used. 


BY  VOLUME  PER  CENT 

BT  WEIGHT  PER  CENT 

Oxygen,  Oz  

20.9 

23  15 

Nitrogen,  JV* 

79  1 

76  85 

The  combination  of  oxygen  with  the  combustible  elements  and  com- 
pounds of  a  fuel  is  in  accordance  with  fixed  laws.  In  the  case  of  perfect 
combustion  the  reactions  and  resultant  combinations  are  shown  in  Table  1. 

The  most  important  condition  governing  the  process  of  combustion  is 
temperature.  It  is  necessary  to  bring  a  combustible  substance  to  its 


143 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


g 

3 

<J 

I 

W 

a 

w 


PQ 

I 

u 
§ 


3 
I 

& 

1 


- 
R 
OL 


I>        i—  l 
CO        O5 


1  1  1 


1        1        1        1        l 


X£5       O        *O        O        XO 

c5<N<Nco'co' 


i         i 

I' 


- 
CO 
CD 


•tN" 

LO 

C3 


CO         CO         CO         00        i-H 


I      I 


OS        CO 
TH        TH 

CO          CO 


CO        CO        CO 

CO!        (M        CO        00 


1  1  1 

1  1  1 


rHC<lt>«OS 


+  +  + 

+    S    ^    <5 

g     § 


+ 


a 


<5 


+  + 


1      1     05     1 


o 

-M 


1 


1 


'C 

o 


I 


144 


CHAPTER  7.    COMBUSTION  AND  FUELS 


ignition  temperature  before  it  will  unite  in  chemical  combination  with 
oxygen  to  produce  combustion.  The  ignition  temperatures  for  several  of 
the  combustible  constituents  of  fuels  are  presented  in  Table  1. 

HEAT  OF  COMBUSTION 

As  previously  stated,  the  process  of  combustion  results  in  the  evolution 
of  heat.  The  heat  of  combustion,  or  calorific  value,  of  a  fuel  is  the  amount 
of  heat  generated  by  the  complete  combustion  of  a  unit  of  the  fuel  and  is 
constant  for  a  given  combination  of  combustible  elements  and  compounds. 
The  heat  of  combustion  of  the  several  fuel  elements  and  compounds  in 
their  pure  state  is  given  in  Table  1. 

The  reaction  of  the  carbon  in  the  fuel  with  oxygen  may  result  in  the 
formation  of  carbon  monoxide  or  carbon  dioxide.  In  burning  to  carbon 
monoxide,  the  carbon  is  not  completely  oxidized  and,  as  shown  by  the 
data,  the  heat  produced  is  considerably  less  than  if  it  were  completely 
oxidized.  This  fact  is  of  greatest  importance  in  considering  the  efficiency 
of  combustion. 

The  calorific  value  of  a  fuel  is  determined  by  direct  measurement  of  the 
heat  evolved  during  combustion  in  a  calorimeter.  As  the  calorific  value, 
on  a  moisture  and  ash  free  basis,  of  coal  from  a  given  district  or  mine 
remains  substantially  constant  the  calculation  of  the  calorific  value  of  a 
particular  lot  of  coal  can  be  made  if  the  lot  is  analyzed  for  moisture  and 
ash.  From  a  known  reliable  calorific  value  for  coal  from  the  same  mine 
or  district  the  calorific  value  on  a  moisture  and  ash  free  basis,  often 
called  the  H  value,  is  calculated  from  Formula  (1). 

^  ,    .c        ,  .  .  j     i_  r  100  X  Calorific  value  (as  received)       ,,N 

Calorific  value,  moisture  and  ash  free  =  ^^ ^-T-, ^ — jr-rpr '       (1) 

100  —  (Moisture  +  Ash)  N 

If  a  dry  or  moisture  free  analysis  is  used  it  is  necessary  to  correct  for 
ash  only  to  reduce  to  moisture  and  ash  free  basis.  From  the  value  ob- 
tained by  Formula  (1)  the  calorific  value  for  the  sample  under  consider- 
ation can  be  calculated  as  follows: 

p  .     .-       i      _  Calorific  value  (moisture  and  ash  free)  X  [100  —  (Moisture  +Ash)]     ,-. 

J.UU 

In  the  above  formulae  moisture  and  ash  are  expressed  in  per  cent. 

The  H  values  for  Illinois  coals  are  published1  and  it  is  to  be  expected  that 
more  data  on  H  values  for  other  coals  will  be  available  in  the  future. 

As  practically  all  fuels  contain  hydrogen  they  produce  a  certain  amount 
of  water  vapor  as  one  of  the  products  of  combustion.  The  amount  of 
water  vapor  produced  increases  as  the  hydrogen  content  of  the  fuel 
increases.  When  the  calorific  value  of  a  fuel  is  determined  in  a  calori- 
meter the  water  vapor  is  condensed  and  the  latent  heat  of  vaporization 
that  is  given  up  during  the  condensation  is  reported  as  a  portion  of  the 
heat  value  of  the  fuel.  The  heat  value  so  determined  is  termed  the  gross 
or  higher  heat  value  and  this  is  what  is  ordinarily  meant  when  the  heat 
value  of  a  fuel  is  specified.  In  burning  the  fuel,  however,  the  products  of 


lState  Geological  Survey  Bulletin,  No.  62,  Classification  and  Selection  of  Illinois  Coals. 
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combustion  are  not  cooled  to  the  dew-point  and  the  higher  calorific  value 
cannot  be  obtained. 

FLAME 

The  appearance  of  the  flame  or  products  of  combustion  may  serve  as  an 
approximate  measure  of  the  temperatures  developed  in  the  combustion 
process.  The  luminosity  of  a  flame  is  caused  by  the  heating  to  incan- 
descence of  unconsumed  particles  of  combustible  matter  in  the  gases  and 
the  higher  the  temperature  of  these  particles  the  whiter  the  flame.  Table 
2  gives  some  approximate  flame  temperature  data. 

AIR  AND  COMBUSTION 

The  weight  of  air  required  for  the  perfect  combustion  of  a  pound  of  fuel 
may  be  determined  by  use  of  the  ultimate  analysis  of  the  fuel  as  applied  to 
Formulae  3  to  5.  The  various  elements  are  expressed  in  percentages 
by  weight. 

TABLE  2.    FLAME  TEMPERATURE  DATA 


APPEARANCE  OF  FLAME 

TEMPERATURE  DEG  F 

Red  visible  in  daylight 

975 

Light  red                          

1832 

Orange-red              

2012 

Orange-yellow  

2192 

Yellow-white                   

2372 

Bright  white  .           

2550 

Solid  and  Liquid  Fuels: 

Pounds  air  required  per  pound  fuel  =  34.56  ~o""l 

Gaseous  Fuels: 

Pounds  air  required  per  pound  fuel  =  2.46  CO  +  34.56  H2  +  17.28  CH4  -f 
13,29  C2H2  +  14.81  C2#4  +  16.13  CZH,  +  6.10  H2S  -  4.32  02 


When  the  analysis  is  given  on  a  volumetric  basis  the  formula  is  express- 
ed as  follows: 

Cubic  feet  air  required  per  cubic  foot  gas  =  2.39  (CO  +  H"2)  +  9.56  CH4  -f  /K\ 

11.98  C2H2  +  14.35  C2H4  +  16.74  C2H8  -  4.78  02  (5) 


Formulae  6  and  7  may  be  used  as  approximate  methods  of  determining 
the  theoretical  air  requirement  for  any  fuel. 

n       j  •    j  jr    1       n^ree  w  Calorific  value  (Btu  per  pound)   ,e<. 

Pounds  air  required  per  pound  fuel  =  0.755  X  --   ~  —  —  - 


^  ,  .    r         .  .    j  .    .    ,        Calorific  value  (Btu  per  unit)  ,_,. 

Cubic  feet  air  required  per  unit  fuel  =  -  -—  -  -  -  •'  (7) 

Approximate  values  for  the  theoretical  air  required  for  different  fuels 
are  given  in  Table  3. 

It  is  customary  to  make  use  of  the  analysis  of  the  products  of  com- 
bustion to  determine  the  amount  of  flue  gas  produced  and  the  actual 
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amount  of  air  supplied  for  combustion.  The  analysis  of  flue  gases  has 
been  well  described  in  various  publications  of  the  Bureau  of  Mines  and 
in  the  literature  and  the  details  of  Orsat  manipulation  need  not  be 
considered  in  this  discussion.  (See  Chapter  34.) 

The  weight  of  dry  flue  gas  per  pound  of  fuel  burned  is  used  in  com- 
bustion loss  calculations  and  may  be  determined  by  Formula  8. 


Pounds  dry  flue  gas  per  pound  fuel 


11  COZ  +  8  02  +  7  (CO  + 
3  (C02  +  CO) 


(8) 


Values  for  C02,  02,  CO  and  JV2  are  percentages  by  volume  from  the  flue 
gas  analysis  and  C  is  the  weight  of  carbon  burned  per  pound  of  fuel 
corrected  for  carbon  in  the  ash. 

TABLE  3.    THEORETICAL  AIR  REQUIREMENTS 


SOLID  FUEL 


POUNDS  AIR  PEE  POUND  FUEL 


Anthracite 

Semi-bituminous  coal 

Bituminous  coal 

Lignite 

Coke 


9.6 
11.2 
10.3 

6.2 

11.2 


FUEL  OIL 

POUNDS  AIE  PER  GALLON  FUEL 

Commercial  Standard  No.  1 

102.6 

Commercial  Standard  No.  2._  

104.5 

Commercial  Standard  No.  3 

106.$ 

Commercial  Standard  No.  5  

112.0 

Commercial  Standard  No.  6 

114.2 

GASEOUS  FUELS 


CUBIC  FEET  Am  PER  CUBIC  FOOT  GAS 


Natural  gas 

Mixed,  natural  and  water  gas 

Carbureted  water  gas 

Water  gas,  coke 

Coke  oven  gas 


10.0 
4.4 
4.4 
2.1 
5.2 


EXCESS  AIR 

Because  the  real  measure  of  the  efficiency  of  combustion  is  the  relation 
existing  between  the  amount  of  air  theoretically  required  for  perfect  com- 
bustion and  the  amount  of  air  actually  supplied  a  method  of  determining 
the  latter  factor  is  of  value.  Formula  9  will  give  reasonably  accurate 
results,  for  most  solid  and  liquid  fuels,  for  determining  the  amount  of  air 
supplied  per  pound  of  fuel. 


i      j  .  i-    j  j      r  r       i 

Pounds  dry  air  supplied  per  pound  of  fuel  = 


, 


^    « 

X  C 


(9) 


Values  for  COZ,  CO  and  N  are  percentages  by  volume  from  the  flue  gas 
analysis  and  C  is  the  weight  of  carbon  burned  per  pound  of  fuel  corrected 
for  carbon  in  the  ash. 
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The  relationship  of  the  air  supplied,  as  determined  from  the  previous 
formula,  to  the  theoretical  air  required  indicates  the  per  cent  of  excess 
air  supplied. 

A  formula  that  may  be  used  to  determine  directly  the  per  cent  of  excess 
air  is  expressed : 

100  (ft  -  f ) 

-^ ^ (io) 


Per  cent  excess  air 


X  0.264  -      0,  - 


In  this  formula  the  symbols  represent  volumetric  percentages  of  the 
flue  gas  constituents  as  determined  by  analysis. 

The  amount  of  excess  air  in  its  relation  to  the  percentage  of  C02  is 
shown  by  the  curves  in  Fig.  1  for  several  fuels.  These  are  approximate 
values.  It  should  be  noted  that  in  hand-fired  furnaces  with  long  periods 
between  firings  the  combustion  goes  through  a  cycle  in  each  period  and 
the  quantity  of  excess  air  present  varies. 
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FIG.  1.    RELATION  BETWEEN  CO2  AND  EXCESS  AIR  IN  GASES  OF  COMBUSTION 

Due  to  the  different  carbon-hydrogen  ratios  of  the  different  fuels  the 
maximum  C02  attainable  varies.  Representative  values  for  perfect  com- 
bustion of  several  fuels  are  given  in  Table  4. 

In  considering  the  factor  of  excess  air  it  should  be  noted  that  a  deficien- 
cy of  air  supply  will  result  in  combustible  products  passing  to  the  stack 
unburned.  An  excess  of  air  absorbs  heat  from  the  products  of  combustion 
and  results  in  a  greater  loss  of  sensible  heat  to  the  stack.  An  excess  of  air 
is  usually  required,  however,  to  eliminate  combustible  losses  occasioned 
by  poor  mixing  of  the  fuel  and  air.  It  is  considered  good  practice,  under 
usual  operating  conditions,  to  supply  from  25  to  50  per  cent  excess  air, 
dependent  upon  the  fuel  utilized. 

SECONDARY  AIR 

When  a  solid  fuel  is  hand-fired  in  a  furnace  the  volatile  matter  in  the 
fuel  distills  off  leaving  coke  on  the  grate.  The  product  of  combustion  of 
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the  coke  is  COz  and  under  certain  conditions  some  CO  may  arise  from  the 
bed.  The  combustion  of  the  volatile  matter  and  the  CO  may  amount  to 
the  liberation  of  from  40  to  60  per  cent  of  the  heat  in  the  fuel  in  the 
combustion  space  over  the  fuel  bed. 

The  air  that  passes  through  the  fuel  bed  is  called  primary  air  and  the 
air  that  is  admitted  over  the  fuel  bed  in  order  to  burn  the  volatile  matter 
and  CO  is  called  secondary  air. 

TABLE  4.    MAXIMUM  C02  VALUES 


FUEL 

PEE  CENT  COi 

Coke  

21.0 

Anthracite 

20.2 

Bituminous  coal._  

18.2 

Oil 

15.5 

Natural  gas                                                              .  .       

12.0 

Coke  oven  gas  .             

11.0 

This  process  of  combustion  is  illustrated  in  Fig.  22.  The  free  oxygen  of 
the  air  passes  through  the  grate  and  the  ash  above  it  and  burns  the  carbon 
in  the  lower  three  or  four  inches  of  the  fuel  bed  forming  carbon  dioxide. 
This  layer  noted  as  the  oxidizing  zone  is  indicated  by  the  symbols  C0%  and 
0%.  Some  of  the  carbon  dioxide  of  the  oxidizing  zone  is  reduced  to  carbon 
monoxide  in  the  upper  layer  of  the  fuel  bed  noted  as  the  reducing  zone 
and  indicated  by  the  symbols  C02  and  CO.  The  gases  leaving  the  fuel 


FIG  2.    COMBUSTION  OF  FUEL  IN  A  HAND-FIRED  FURNACE 

bed  are  mainly  carbon  monoxide,  carbon  dioxide,  nitrogen  and  very  little 
free  oxygen.  Free  oxygen  is  admitted  through  the  firing  door  to  burn 
carbon  monoxide  and  the  volatile  combustible  distilled  from  the  freshly 
fired  fuel. 

The  division  of  the  total  into  primary  and  secondary  air  necessary  to 
produce  the  same  rate  of  burning  and  the  same  excess  air  depends  on  a 
number  of  factors  which  include  size  of  fuel,  depth  of  fuel  bed,  and  size  of 
fire-pot.  The  ratio  of  the  secondary  to  the  primary  air  increases  with 


'From  Bureau  of  Mines  Technical  Paper  No.  80. 


149 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

decrease  in  the  size  of  the  fuel  pieces,  with  increase  in  the  depth  of  the 
fuel  bed,  and  with  increase  in  the  area  of  the  fire-pot;  the  ratio  also 
increases  with  increase  in  rate  of  burning. 

Size  of  the  fuel  is  a  very  important  factor  in  fixing  the  quantity  of 
secondary  air  required  for  non-caking  coals.  With  caking  coals  it  is  not 
so  important  because  small  pieces  fuse  together  and  form  large  lumps. 
Fortunately  a  smaller  size  fuel  gives  more  resistance  to  air  flow  through 
the  fuel  bed  and  thus  automatically  causes  a  larger  draft  above  the  fuel 
bed,  which  draws  in  more  secondary  air  through  the  same  slot  openings. 
In  spite  of  this,  a  small  size  fuel  requires  a  larger  opening  of  the  door 
slots;  for  a  certain  size  for  each  fuel  no  slot  opening  is  required,  and  for 
larger  sizes  too  much  excess  air  gets  through  the  fuel  bed. 
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FIG.  3.     RELATIVE  AMOUNT  OF  FIRE  DOOR  SLOT  OPENING  REQUIRED  IN  A  GIVEN 

FURNACE  TO  GIVE  EQUALLY  GOOD  COMBUSTION  FOR  HIGH  TEMPERATURE 

COKE  OF  VARIOUS  SIZES  WHEN  BURNED  AT  VARIOUS  RATES 

It  is  impossible  to  establish  a  single  rule  for  the  correct  slot  opening  for 
all  types  and  sizes  of  fuels  and  for  all  rates  of  burning.  Furthermore,  the 
effect  of  slot  opening  is  dependent  on  whether  the  ashpit  damper  is  open 
or  closed.  It  is  better  to  have  too  much  than  too  little  secondary  air;  the 
opening  is  too  small  if  there  is  a  puff  of  flame  when  the  firing  door  is  opened. 

The  relationship  of  the  slot  opening,  for  a  domestic  furnace,  to  the  size 
of  coke  and  the  rate  of  burning  is  shown  in  Fig.  33.  These  openings  are 
with  the  ashpit  damper  wide  open,  and  would  be  less  if  the  available  draft 
permitted  the  damper  to  be  partly  closed.  The  same  openings  are 
satisfactory  for  anthracite. 

Bituminous  coals  require  a  large  amount  of  secondary  air  during  the 
period  subsequent  to  a  firing  in  order  to  consume  the  gases  and  to  reduce 
the  smoke.  The  smoke  produced  is  a  good  indicator,  and  that  opening  is 

3From  Bureau  of  Mines  Report  of  Investigations,  No.  2980. 
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best  which  reduces  the  smoke  to  a  minimum.  Too  much  secondary  air 
will  cool  the  gases  below  the  ignition  point,  and  prove  harmful  instead  of 
beneficial.  The  following  suggestions  will  be  helpful: 

1.  In  cold  weather,  with  high  combustion  rates,  the  secondary  air  damper  should  be 
half  open  all  the  time. 

2.  In  very  mild  weather,  with  a  very  low  combustion  rate,  the  secondary  air  damper 
should  be  closed  all  the  time. 

3.  For  temperatures  between  very  mild  and  very  cold,  the  secondary  air  damper 
should  be  in  an  intermediate  position. 

4.  For  ordinary  house  operation,  secondary  air  is  needed  after  each  firing  for  about 
one  hour. 

In  the  field  of  domestic  heating  the  use  of  secondary  air  in  the  com- 
bustion of  oil  is  generally  restricted  to  the  larger  semi-commercial  types 
of  oil  burners  used  in  large  heating  boilers.  This  factor  is  discussed  in 
Chapter  9,  Automatic  Fuel  Burning  Equipment. 

The  air  that  is  supplied  around  the  flame  in  a  domestic  heating  gas 
burner  is  considered  as  secondary  air.  As  it  is  drawn  into  the  appliance 
by  natural  draft  action,  the  need  for  proper  draft  control  is  evident. 

Draft  Requirements 

The  draft  required  to  effect  a  given  rate  of  burning  the  fuel  as  measured 
at  the  smokehood  is  dependent  on  the  following  factors : 

1.  Kind  and  size  of  fuel. 

2.  Combustion  rate  per  square  foot  of  grate  area  per  hour. 

3.  Thickness  of  fuel  bed. 

4.  Type  and  amount  of  ash  and  clinker  accumulation. 

5.  Amount  of  excess  air  present  in  the  gases. 

6.  Resistance  offered  by  the  boiler  passes  to  the  flow  of  the  gases. 

7.  Accumulation  of  soot  in  the  passes. 

Insufficient  draft  will  necessitate  additional  manipulation  of  the  fuel 
bed  and  more  frequent  cleanings  to  keep  its  resistance  down.  Insufficient 
draft  also  restricts  the  control  by  adjustment  of  the  dampers. 

The  quantity  of  excess  air  present  has  a  marked  affect  on  the  draft 
required  to  produce  a  given  rate  of  burning.  If  the  excess  is  caused  by 
holes  in  the  fuel  bed  or  an  extremely  thin  fuel  bed  it  is  often  possible  to 
produce  a  higher  rate  of  burning  by  increasing  the  thickness  of  the  bed. 
The  thickness  of  the  fuel  bed  should  not,  however,  be  increased  too  much 
because  the  increased  draft  resistance  will  reduce  the  rate  of  primary  air 
supply  and  the  rate  of  burning. 

DRAFT  REGULATION 

Because  of  the  varying  heating  load  demands  present  in  most  instal- 
lations it  is  necessary  to  vary  the  rate  of  fuel  burning.  The  maintenance 
of  the  proper  air  supply  for  the  various  rates  of  burning  is  accomplished 
by  regulation  of  the  drafts.  Correct  and  incorrect  methods  of  draft 
regulation  are  shown  in  Fig.  4.  The  air  enters  through  the  ashpit,  firing 
door  and  by  leaks  in  the  setting,  whereas  the  gases  leave  only  through  the 
uptake.  By  throttling  the  gases  with  the  damper  in  the  uptake  all  the 
air  entering  by  each  of  the  three  intakes  is  reduced  in  the  same  proportion. 
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If  the  ashpit  door  is  closed  the  air  admitted  through  the  ashpit  is  reduced 
and  increased  through  the  other  two  intake  openings. 

Methods  of  control  of  draft  conditions  when  burning  oil  or  gas  are 
noted  in  Chapter  9,  Automatic  Fuel  Burning  Equipment. 

CLASSIFICATION  OF  COALS 

The  complex  composition  of  coal  makes  it  difficult  to  classify  it  into 
clear-cut  types.  Its  chemical  composition  is  some  indication  but  coals 
having  the  same  chemical  analysis  may  have  distinctly  different  burning 
characteristics.  Users  are  mainly  interested  in  the  available  heat  per 


Gases  leaving 


Air  entering  through  fire  door  *  setting 


Damper  in  uptake 


FIG.  4.    CORRECT  AND  INCORRECT  METHODS  OF  DRAFT  REGULATION 
IN  A  HAND-FIRED  FURNACE 

pound  of  coal,  in  the  handling  and  storing  properties,  and  in  the  burning 
characteristics.  A  description  of  the  relationship  between  the  qualities 
of  coals  and  these  characteristics  requires  considerable  space;  a  treatment 
applicable  to  heating  boilers  is  given  in  Bureau  of  Mines  Bulletin  No.  276. 

The  classification  of  coals  by  rank  involves  several  of  the  items  indicated 
in  a  proximate  analysis  of  the  coal.  This  analysis  determines  the  content 
of  volatile  matter,  fixed  carbon,  ash  and  moisture.  The  calorific  value  and 
sulphur  content  are  often  reported  with  the  proximate  analysis.  Volatile 
matter  is  the  loss  of  weight  when  the  coal  sample  is  heated  to  1732  F  for 
7  min.  Fixed  carbon  is  the  difference  from  100  per  cent  of  the  sum  of 
other  losses,  not  including  sulphur.  Ash  is  the  incombustible  impurity  in 
the  coal  and  has  no  heating  value.  Moisture  is  the  inherent  and  ex- 
traneous water  in  the  fuel. 

Other  important  qualities  of  coals  are  the  screen  sizes,  ash  softening 
temperature,  friability,  caking  tendency,  and  the  qualities  of  the  volatile 
matter.  In  considering  these  factors  the  following  points  are  of  interest. 
The  volatile  products  given  off  by  coals  when  they  are  heated  differ 
materially  in  the  ratios  by  weight  of  the  gases  to  the  oils  and  tars.  No 
heavy  oils  or  tars  are  given  off  by  anthracite,  and  very  small  quantities 
are  given  off  by  semi-anthracite.  As  the  volatile  matter  in  the  coal 
increases  to  as  much  as  40  per  cent  of  ash  and  moisture-free  coal,  in- 
creasing amounts  of  oils  and  tars  are  released.  For  coals  of  higher 
volatile  content,  the  relative  quantity  of  oils  and  tars  decreases,  so  it 
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is  low  in  the  sub-bituminous  coals  and  in  lignite.  The  percentage  of  ash 
and  its  fusion  temperature  do  not  indicate  how  the  ash  is  distributed 
or  how  much  of  it  is  less  fusible  lumps  of  slate  or  shale. 

A  classification  of  coals  is  given  in  Table  5,  and  a  brief  description  of  the 
kinds  of  fuels  is  given  in  the  following  paragraphs,  but  it  should  be 
recognized  that  there  are  no  distinct  lines  of  demarcation  between  the 
kinds,  and  that  they  graduate  into  each  other. 

Anthracite  is  a  clean,  dense,  hard  coal  which  creates  very  little  dust  in  handling.  It 
is  comparatively  hard  to  ignite  but  it  burns  freely  when  well  started.  It  is  non-caking, 
it  burns  uniformly  and  smokelessly  with  a  short  flame,  and  it  requires  little  attention  to 
the  fuel  bed  between  firings.  It  is  capable  of  giving  a  high  efficiency  in  the  common 
types  of  hand-fired  furnaces.  A  tabulation  of  the  quality  of  the  various  anthracite 
sizes  will  be  found  in  Bureau  of  Mines  Report  of  Investigations  No.  3283. 

Semi-anthracite  has  a  higher  volatile  content  than  anthracite.  It  is  not  so  hard  and 
ignites  somewhat  more  easily;  otherwise  its  properties  are  similar  to  those  of  anthracite. 


Legend :  F.C. 


TABLE  5.    CLASSIFICATION  OF  COALS  BY  RANK* 
Fixed  Carbon.    V.M.  =  Volatile  Matter.    Btu  =  British  thermal  units. 


CLASS 

Gnom> 

LIMITS  OP  FIXED  CARBON  OH  Birr 
MINBRAL-MATTER-FREE  BASIS 

REQUISITE  PHYSICAL 
PROPERTIES 

1.  Meta-anthracite  -  

Dry  F.C.,  98  per  cent  or  more  (Dry 

V.M.,  2  per  cent  or  less) 

2.  Anthracite  . 

Dry  F.C.,  92  per  cent  or  more  and  less 

f.  Anthracite  < 

3.  Semi-anthracite..             

than  98  per  cent  (Dry  V.M.,  8  per 
cent  or  less  and  more  than  2  per  cent) 
Dry  F.C.,  86  per  cent  or  more  and  less 

Non-agglomerating** 

than  92  per  cent  (Dry  V.M.,  14  per 
cent  or  less  and  more  than  8  per  cent) 

1.  Low  volatile  bituminous  coal  

Dry  F.C.,  78  per  rent  or  more  and  less 

than  86  per  cent  (Dry  V.M.,  22  per 

cent  or  less  and  more  than  14  per 

cent) 

2.  Medium  volatile  bituminous  coal 

Dry  F.C.,  69  per  cent  or  more  and  less 

than  78  per  cent  (Dry  V.M.,  31  per 

II    Bituminous**  • 

3.  High  volatile  A  bituminous  coal. 

cent  or  less  and  more  than  22  per 
cent) 
Dry  F.C.,  less  than  69  per  cent  (Dry 

Either  agglomerating6 
or  non-weathering/ 

V.M.,  more  than  31  per  cent);  and 

moist*  Btu,  14,000-  or  more 

4.  High  volatile  B  bituminous  coal.. 

Moist"  Btu,  13,000  or  more  and  less 

than  14.000* 

5   High  volatile  C  bituminous  coal.. 

Moist  Btu,  11,000  or  more  and  less 

than  13tOOO« 

1.  Sub-bituminous  A  coal  

Moist  Btu,  11,000  or  more  and  less 

than  13,000* 

III.  Sub-bituminous.. 

2.  Sub-bituminous  B  coal  

Moist  Btu,  9500  or  more  and  less 
than  11,  000* 

Both  weathering  and 
non-agglomerati  ngb 

3.  Sub-bituminous  C  coal  

Moist  Btu,  8300  or  more  and  less 

than  9500* 

IV.  Lignitic  | 

1  ,  Lignite  „_,_,—,                   

Moist  Btu  less  than  8300 
Moist  Btu  less  than  8300 

Consolidated 
Unconsolidated 

2.  Brown  coal            .  

°This  classification  does  not  include  a  few  coals  which  have  unusual  physical  and  chemical  properties 
and  which  come  within  the  limits  of  fixed  carbon  or  Btu  of  the  high-volatile  bituminous  and  sub-bituminous 
ranks.  All  of  these  coals  either  contain  less  than  48  per  cent  dry,  mineral-matter-free  fixed  carbon  or  have 
more  than  15,500  moist,  mineral-matter-free  Btu. 

blf  agglomerating,  classify  in  low-volatile  group  of  the  bituminous  class. 

"Moist  Btu  refers  to  coal  containing  its  natural  bed  moisture  but  not  including  visible  water  on  the 
surface  of  the  coal. 

dlt  is  recognized  that  there  may  be  non-caking  varieties  in  each  group  of  the  bituminous  class. 

•Coals  having  69  per  cent  or  more  fixed  carbon  on  the  dry,  mineral-matter-free  basis  shall  be  classified 
according  to  fixed  carbon,  regardless  of  Btu. 

/There  are  three  varieties  of  coal  in  the  High-volatile  C  bituminous  coal  group,  namely,  Variety  1, 
agglomerating  and  non- weathering;  Variety  2,  agglomerating  and  weathering;  Variety  3,  non-agglomerating 
and  non-weathering. 

Adapted  from  A.S.T.M.  Standards,  1937,  Supplement,  p.  145,  American  Society  for  Testing  Materials, 
Philadelphia. 
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Semi-bituminous  coal  is  soft  and  friable,  and  fines  and  dust  are  created  by  handling  it. 
It  ignites  somewhat  slowly  and  burns  with  a  medium  length  of  flame.  Its  caking  pro- 
perties increase  as  the  volatile  matter  increases,  but  the  coke  formed  is  relatively  weak. 
Having  only  half  the  volatile  matter  content  of  the  more  abundant  bituminous  coals  it 
can  be  burned  with  less  production  of  smoke,  and  it  is  sometimes  called  smokeless  coal. 

The  term  bituminous  coal  covers  a  large  range  of  coals  and  includes  many  types  having 
distinctly  different  composition,  properties,  and  burning  characteristics.  The  coals  range 
from  the  high-grade  bituminous  coals  of  the  East  to  the  poorer  coals  of  the  West  Their 
caking  properties  range  from  coals  which  completely  melt,  to  those  from  which  the 
volatiles  and  tars  are  distilled  without  change  of  form,  so  that  they  are  classed  as  non- 
caking  or  free-burning.  Most  bituminous  coals  are  strong  and  non-friable  enough  to 
permit  of  the  screened  sizes  being  delivered  free  from  fines.  In  general,  they  ignite 
easily  and  burn  freely;  the  length  of  flame  varies  with  different  coals,  but  it  is  long.  Much 
smoke  and  soot  are  possible  especially  at  low  rates  of  burning, 

Sub-bituminous  coals  occur  in  the  western  states;  they  are  high  in  moisture  when 
mined  and  tend  to  break  up  as  they  dry  or  when  exposed  to  the  weather;  they  are  liable 
to  ignite  spontaneously  when  piled  or  stored,  They  ignite  easily  and  quickly  and  have  a 
medium  length  flame,  are  non-caking  and  free-burning;  the  lumps  tend  to  break  into 
small  pieces  if  poked ;  very  little  smoke  and  soot  are  formed. 

Lignite  is  of  woody  structure,  very  high  in  moisture  as  mined,  and  of  low  heating 
value;  it  is  clean  to  handle.  It  has  a  greater  tendency  than  the^sub-bituminous  coals  to 
disintegrate  as  it  dries,  and  it  also  is  more  liable  to  spontaneous  ignition.  Freshly  mined 
lignite,  because  of  its  high  moisture,  ignites  slowly.  It  is  non-caking.  The  char  left  after 
the  moisture  and  volatile  matter  are  driven  off  burns  very  easily,  like  charcoal.  The 
lumps  tend  to  break  up  in  the  fuel  bed  and  pieces  of  char  falling  into  the  ashpit  continue 
to  burn.  Very  little  smoke  or  soot  is  formed. 

It  is  often  desirable  to  learn  about  the  properties  of  a  coal,  such  as  the  various  items 
noted  in  the  discussion  of  proximate  analyses.  As  a  guide  for  the  consumer  as  to  the 
expected  characteristics  of  coals  several  commercial  publications  are  available  and 
numerous  reports  of  the  Bureau  of  Mines  discuss  the  coals  produced  in  individual  state 
areas. 

CLASSIFICATION  OF  COKES 

Coke  is  produced  by  the  distillation  of  the  volatile  matter  from  coal.  The  type  of 
coke  depends  on  the  coal  or  mixture  of  coals  used,  the  temperatures  and  time  of  distil- 
lation and,  to  some  extent,  on  the  type  of  retort  or  oven;  coke  is  also  produced  as  a 
residue  from  the  destructive  distillation  of  oil. 

High-temperature  cokes.  Coke  as  usually  available  is  of  the  high-temperature  type, 
and  contains  between  1  and  2  per  cent  volatile  matter.  High-temperature  cokes  are  sub- 
divided into  beehive  coke  of  which  comparatively  little  is  now  sold  for  domestic  use,  by- 
product coke,  which  covers  the  greater  part  of  the  coke  sold,  and  gas-house  coke.  The 
differences  among  these  three  cokes  are  relatively  small;  their  denseness  and  hardness 
decrease  and  friability  increases  in  the  order  named.  In  general,  the  lighter  and  more 
friable  cokes  ignite  and  burn  the  more  easily. 

Low-temperature  cokes  are  produced  at  low  coking  temperatures,  and  only  a  portion 
of  the  volatile  matter  is  distilled  off.  Cokes  as  made  by  various  processes  under  develop- 
ment have  contained  from  10  to  15  per  cent  volatile  matter.  In  general,  these  cokes 
ignite  and  burn  more  readily  than  high-temperature  cokes.  The  properties  of  various 
low-temperature  cokes  may  differ  more  than  those  of  the  various  high-temperature  cokes 
because  of  the  differences  in  the  quantities  of  volatile  matter  and  because  some  may  be 
light  and  others  briquetted. 

Petroleum  cokes,  which  are  obtained  by  coking  the  residue  left  from  the  distillation  of 
petroleum,  vary  in  the  amount  of  volatile  matter  they  contain,  but  all  have  the  common 
property  of  a  very  low  ash  content,  which  necessitates  the  use  of  refractory  pieces  to 
protect  the  grates  from  being  burned. 

FIRING  METHODS  FOR  ANTHRACITE4 

An  anthracite  fire  should  never  be  poked,  as  this  serves  to  bring  ash  to 
the  surface  of  the  fuel  bed  where  it  melts  into  clinker. 


4See  reports  published  by  Anthracite  Industries  Laboratory,  Primes,  Delaware  County,  Pennsylvania. 
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Egg  size  is  suitable  for  large  firepots  (grates  24  in.  and  over)  if  the  fuel 
can  be  fired  at  least  16  in.  deep.  The  air  spaces  between  the  pieces  of  coal 
are  large,  and  for  best  results  this  coal  should  be  fired  deeply. 

Stove  size  coal  is  the  proper  size  of  anthracite  for  many  boilers  and 
furnaces  used  for  heating  buildings.  It  burns  well  on  grates  at  least  16  in. 
in  diameter  and  12  in.  deep.  The  only  instructions  needed  for  burning 
this  type  of  fuel  are  that  the  grate  should  be  shaken  daily,  the  fire  should 
never  be  poked  or  disturbed,  and  the  fuel  should  be  fired  deeply  and 
uniformly. 

Chestnut  size  coal  is  in  demand  for  fire-pots  up  to  20  in.  in  diameter,  with 
a  depth  of  from  10  to  15  in. 

Pea  size  coal  is  often  an  economical  fuel  to  burn.  It  is  relatively  low 
in  price.  When  fired  carefully,  pea  coal  can  be  burned  on  standard  grates. 
It  is  well  to  have  a  small  amount  of  a  larger  fuel  on  hand  when  building 
new  fires,  or  when  filling  holes  in  the  fuel  bed.  Care  should  be  taken  to 
shake  the  grates  only  until  the  first  bright  coals  begin  to  fall  through  the 
grates.  The  fuel  bed,  after  a  new  fire  has  been  built,  should  be  increased 
in  thickness  by  the  addition  of  small  charges  until  it  is  at  least  level  with 
the  sill  of  the  fire-door.  This  keeps  a  bed  of  ignited  coal  in  readiness 
against  the  time  when  a  sudden  demand  for  heat  shall  be  made  on  the 
heater.  A  very  satisfactory  method  of  firing  pea  coal  consists  of  drawing 
the  red  coals  toward  the  front  end  and  piling  fresh  fuel  toward  the  back 
of  the  fire-box. 

Pea  size  coal  requires  a  strong  draft  and  therefore  the  best  results 
generally  will  be  obtained  by  keeping  the  choke  damper  open  and  regu- 
lating solely  by  means  of  the  cold  air  check  and  the  air  inlet  damper.  As 
a  precaution  against  clinker,  it  is  well  to  adjust  the  air  inlet  damper  so 
that  it  can  never  be  completely  closed  under  any  operating  conditions. 

Buckwheat  size  coal  for  best  results  requires  more  attention  than  pea 
size  coal,  and  in  addition  the  smaller  size  of  the  fuel  makes  it  more  difficult 
to  burn  on  ordinary  grates.  Greater  care  must  be  taken  in  shaking  the 
grates  than  with  pea  coal  on  account  of  the  danger  of  the  fuel  falling 
through  the  grate.  In  house  heating  furnaces  the  coal  should  be  fired 
lightly  and  more  frequently  than  pea  coal.  When  banking  a  buckwheat 
coal  fire  it  is  advisable  after  coaling  to  expose  a  small  spot  of  hot  fire  by 
putting  a  poker  down  through  the  bed  of  fresh  coal.  This  will  serve  to 
ignite  the  gas  that  will  be  distilled  from  the  fresh  coal  and  prevent  an 
explosion  of  gas  within  the  fire-pot,  which  in  some  cases  depending  upon 
the  thickness  of  the  bed  of  fresh  coal  is  severe  enough  to  blow  open  the 
doors  and  dampers  of  the  furnace.  A  good  draft  is  required  and  conse- 
quently the  fire  is  best  controlled  by  the  air-inlet  damper  only.  Where 
frequent  attention  can  be  given  and  care  exercised  in  manipulation  of  the 
grates  this  fuel  can  be  burned  satisfactorily  without  the  aid  of  any  special 
equipment. 

In  general  it  will  be  found  more  satisfactory  with  buckwheat  coal  to 
maintain  a  uniform  heat  output  and  consequently  to  keep  the  system 
warm  all  the  time,  rather  than  to  allow  the  system  to  cool  off  at  times  and 
then  to  attempt  to  burn  the  fuel  at  a  high  rate  while  warming  up.  A  uni- 
form low  fire  will  minimize  the  clinker  formation  and  keep  the  clinker  in  an 
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TABLE  6.    ANTHRACITE  STANDARDS 


CLASSIFICATION 

COAL  SIZE,  INCHES 

Egg                                                                      

Through  3-J^        Over  2-Jfc 

~~&&  -•-••-•------•---•—-  ..-.I........  ... 
Stove  ...»                    ..                   

Through  2-^6      Over  l-j| 

Nut  .   

Through  1-5^        Over     1J<fe 

Pea                                                                     

Through      !^{Q    Over    %e 

Buckwheat                                        

Through     %6      Over     J{6 

easily  broken  up  condition  so  that  it  readily  can  be  shaken  through 
the  grate. 

Forced  draft  and  small  mesh  grates  are  frequently  used  for  burning 
buckwheat  anthracite.  For  best  results  and  a  higher  degree  of  con- 
venience, domestic  stokers  are  used. 

Buckwheat  anthracite  No.  2,  or  rice  size,  is  used  principally  in  stokers 
of  the  domestic,  commercial  and  industrial  type.  No.  3  buckwheat 
anthracite,  or  barley,  has  no  application  in  domestic  heating. 

The  Anthracite  Institute  Standards  of  sizing  are  shown  in  Table  6  taken 
from  Anthracite  Industries  Manual,  Report  No.  2403. 

FIRING  METHODS  FOR  BITUMINOUS  COAL 

Bituminous  coal  should  never  be  fired  over  the  entire  fuel  bed  at  one 
time.  A  portion  of  the  glowing  fuel  should  always  be  left  exposed  to 
ignite  the  gases  leaving  the  fresh  charge. 

Air  should  be  admitted  over  the  fire  through  a  special  secondary  air 
device,  or  through  a  slide  in  the  fire-door  or  by  opening  the  fire-door 
slightly.  If  the  quantity  of  air  admitted  is  too  great  the  gases  will  be 
cooled  below  the  ignition  temperature  and  will  fail  to  burn.  The  fireman 
can  judge  the  quantity  of  air  to  admit  by  noting  when  the  air  supplied 
is  just  sufficient  to  make  the  gases  burn  rapidly  and  smokelessly  above  the 
fuel  bed. 

The  red  fuel  in  the  fire-box,  before  firing,  excepting  only  a  shallow  layer 
of  coke  on  the  grate,  should  be  pushed  to  one  side  or  forward  or  back- 
ward to  form  a  hollow  in  which  to  throw  the  fresh  fuel.  Some  manu- 
facturers recommend  that  all  red  fuel  be  pushed  to  the  rear  of  the  fire-box 
and  that  the  fresh  fuel  be  fired  directly  on  the  grate  and  allowed  to  ignite 
from  the  top.  The  object  of  this  is  to  reduce  the  early  rapid  distillation 
of  gases  and  to  reduce  the  quantity  of  secondary  air  required  for  smoke- 
less combustion. 

It  is  well  to  have  the  bright  fuel  in  the  fire-box  so  placed  that  the  gases 
from  the  freshly  fired  fuel,  mixed  with  the  air  over  the  fuel  bed,  pass 
over  the  bed  of  bright  fuel  on  the  way  to  the  flues.  The  bed  of  bright 
fuel  then  supplies  the  heat  to  raise  the  mixture  of  air  and  gas  to  the 
ignition  temperature,  thereby  causing  the  gaseous  matter  to  burn  and 
preventing  the  formation  of  smoke. 

The  importance  of  firing  bituminous  coal  in  small  quantities  at  short 
intervals  is  discussed  in  the  U.  S.  Bureau  of  Mines  Technical  Paper, 
No.  80.  Better  combustion  is  obtained  by  this  method  in  that  the  fuel 
supply  is  maintained  more  nearly  proportional  to  the  air  supply. 
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This  is  demonstrated  in  Fig.  5  where  diagram  A  shows  the  air  supply 
and  the  distillation  of  the  volatile  combustible  when  the  firings  are  5  min 
apart;  and  diagram  B  indicates  the  same  relationships  when  the  firings 
are  15  min  apart.  In  both  cases  the  amount  of  coal  fired  per  hour  and  the 
weight  of  volatile  combustible  distilled  from  the  coal  are  the  same.  This 
weight  of  volatile  conbustible  is  represented  by  the  shaded  area  under  the 
saw-tooth  curve.  The  horizontal  dotted  lines  represent  the  constant  air 
supply  sufficient  to  burn  the  volatile  matter  represented  by  the  shaded 
areas  under  each  line.  The  shaded  areas  above  each  horizontal  line 
represent  for  each  air  supply  the  loss  from  incomplete  combustion  of  the 
volatile  matter.  The  clear  area  under  each  horizontal  line  represents  the 
loss  from  excessive  air.  As  the  air  supply  increases  the  loss  from  incom- 
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A 
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FIG.  5.    RELATION  OF  RATE  OF  DISTILLATION  OF  VOLATILE  MATTER  AND 
NECESSARY  AIR  SUPPLY 

plete  combustion  decreases  but  the  loss  from  excessive  air  becomes  larger. 
The  sum  of  the  two  losses  is  the  least  when  the  air  supply  is  introduced 
as  noted  by  the  average  line.  It  is  evident  that  the  sum  of  the  losses  for 
the  average  air  supply  is  much  larger  in  diagram  B  than  in  A  which  would 
indicate  that  small  and  frequent  firings  are  better  than  large  firings  at 
long  intervals. 

If  the  coal  is  of  the  caking  kind  the  fresh  charge  will  fuse  into  one  solid 
mass  which  can  be  broken  up  with  the  stoking  bar  and  leveled  from  20 
min  to  one  hour  after  firing,  depending  on  the  temperature  of  the  fire-box. 
Care  should  be  exercised  when  stoking  not  to  bring  the  bar  up  to  the 
surface  of  the  fuel  as  this  will  tend  to  bring  ash  into  the  high  temperature 
zone  at  the  top  of  the  fire,  where  it  will  melt  and  form  clinker.  The 
stoking  bar  should  be  kept  as  near  the  grate  as  possible  and  should  be 
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raised  only  enough  to  break  up  the  fuel.  With  fuels  requiring  stoking  it 
may  not  be  necessary  to  shake  the  grates,  as  the  ash  is  usually  dislodged 
during  stoking. 

It  is  acknowledged  that  it  may  be  difficult  to  apply  the  outlined 
methods  to  domestic  heating  boilers  of  small  size,  especially  when  frequent 
attendance  is  impractical.  The  adherence  to  these  methods  insofar  as 
practical,  however,  will  result  in  better  combustion. 

The  output  obtained  from  any  heater  with  bituminous  coal  will  usually 
exceed  that  obtainable  with  anthracite,  since  bituminous  coal  burns  more 
rapidly  than  anthracite  and  with  less  draft.  Bituminous  coal,  however, 
will  require  frequent  attention  to  the  fuel  bed,  because  it  burns  unevenly, 
even  though  the  fuel  bed  may  be  level,  forming  holes  in  the  fire  which 
admit  too  much  air,  chilling  the  gases  over  the  fuel  bed  and  reducing  the 
available  draft. 

FIRING  METHODS  FOR  SEMI-BITUMINOUS  COAL 

The  Pocahontas  Operators  Association  recommends  the  central  cone 
method  of  firing,  in  which  the  coal  is  heaped  on  to  the  center  of  the  bed 
forming  a  cone  the  top  of  which  should  be  level  with  the  middle  of  the 
firing  door.  This  allows  the  larger  lumps  to  fall  to  the  sides,  and  the  fines 
to  remain  in  the  center  and  be  coked.  The  poking  should  be  limited  to 
breaking  down  the  coke  without  stirring,  and  to  gently  rocking  the  grates. 
It  is  recommended  that  the  slides  in  the  firing  door  be  kept  closed,  as  the 
thinner  fuel  bed  around  the  sides  allows  enough  air  to  get  through. 

FIRING  METHODS  FOR  COKE 

Coke  ignites  less  readily  than  bituminous  coal  and  more  readily  than 
anthracite  and  burns  rapidly  with  little  draft.  In  order  to  control  the  air 
admitted  to  the  fuel  it  is  very  important  that  all  openings  or  leaks  into 
the  ashpit  be  closed  tightly.  A  coke  fire  responds  rapidly  to  the  opening 
of  the  dampers.  This  is  an  advantage  in  warming  up  the  system,  but  it 
also  makes  it  necessary  to  watch  the  dampers  more  closely  ^in  order  to 
prevent  the  fire  from  burning  too  rapidly.  In  order  to  obtain  the  same 
interval  of  attention  as  with  other  fuels  a  deep  fuel  bed  always  should  be 
maintained  when  burning  coke.  The  grates  should  be  shaken  only 
slightly  in  mild  weather  and  should  be  shaken  only  until  the  first  red 
particles  drop  from  the  grates  in  cold  weather.  The  best  size  of  coke  for 
general  use,  for  small  firepots  where  the  fuel  depth  is  not  over  20  in.,  is 
that  which  passes  over  a  1  in.  screen  and  through  a  1J^  in.  screen.  For 
large  firepots  where  the  fuel  can  be  fired  over  20  in.  deep,  coke  which 
passes  over  a  1  in.  screen  and  through  a  3  in.  screen  can  be  used,  but  a 
coke  of  uniform  size  is  always  more  satisfactory.  Large  sizes  of  coke 
should  be  either  mixed  with  fine  sizes  or  broken  up  before  using. 

PULVERIZED  COAL 

Although  several  pulverized  coal  burning  units  for  domestic  heating 
plant  firing  have  been  developed,  none  has  attained  extended  use.  Two 
general  methods  of  adaptation  have  been  employed,  one  where  the  coal 
is  pulverized  by  the  unit  at  the  furnace  and  one  where  the  coal  is  delivered 
to  the  home  in  pulverized  form. 
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FURNACE  VOLUME 

The  principal  requirements  for  a  hand-fired  furnace  are  that  it  shall  have 
enough  grate  area  and  correctly  proportioned  combustion  space.  The 
amount  of  grate  area  required  is  dependent  upon  the  desired  combustion 
rate. 

The  furnace  volume  is  influenced  by  the  kind  of  coal  used.  Bituminous 
coals,  on  account  of  their  long-flaming  characteristic,  require  more  space 
in  which  to  burn  the  gases  of  combustion  completely  than  do  the  coals 
low  in  volatile  matter.  For  burning  high  volatile  coals  provision  should 
be  made  for  mixing  the  combustible  gases  thoroughly,  so  that  combustion 
is  complete  before  the  gases  come  in  contact  with  the  relatively  cool 
heating  surfaces.  An  abrupt  change  in  the  direction  of  flow  tends  to  mix 
the  gases  of  combustion  more  thoroughly.  Anthracite  requires  practically 
no  combustion  space. 

DUSTLESS  TREATMENT  OF  COAL 

The  practice  of  treating  the  more  friable  coals  to  allay  the  dust  they 
create  is  increasing.  The  coal  is  sprayed  with  petroleum  products,  par- 
ticularly the  lighter  oils,  a  solution  of  calcium  chloride  or  a  mixture  of 
calcium  and  magnesium  chlorides.  The  latter  salts  are  very  hygroscopic 
and  their  moisture  under  normal  atmospheric  conditions  keeps  the 
surface  of  the  coal  damp,  thus  reducing  the  dust  during  delivery  in  the 
cellar,  and  obviating  the  necessity  of  sprinkling  the  coal  in  the  bin. 

The  coal  is  usually  treated  at  the  mine,  but  sometimes  by  the  local 
distributor  just  before  delivery.  The  salt  solutions  are  sprayed  under 
high  pressure,  using  from  2  to  4  gal  or  from  5  to  10  Ib  of  the  salt  per  ton  of 
coal,  depending  on  its  friability  and  size.  Oil  for  the  dustless  treatment 
of  coal  is  also  applied  under  high  pressure,  in  concentrations  of  1  to  8  qt 
per  ton  of  coal,  depending  upon  the  characteristics  of  the  coal  and  oil. 

CLASSIFICATION  OF  OILS 

The  Commercial  Standard  Specifications  for  Fuel  Oils  (CS  12-38)  of 
the  U.  S.  Department  of  Commerce  are  given  in  Table  7.  These  speci- 
fications conform  with  American  Society  for  Testing  Materials  Tentative 
Specifications  for  Fuel  Oils  D396-38T. 

The  specific  gravity  of  oil  is  of  interest  in  its  relationship  to  the  calorific 
value  and  these  data  are  given  in  Table  8. 

COMBUSTION  OF  OIL 

With  oil,  as  with  any  kind  of  fuel,  efficient  heat  production  requires 
that  all  combustible  matter  in  the  fuel  shall  be  completely  consumed  and 
that  it  shall  be  done  with  a  minimum  of  excess  air.  The  combustion  of 
oil  is  a  rather  rapid  chemical  reaction.  Excess  air  provides  an  over  supply 
of  oxygen  so  that  all  of  the  oil,  composed  of  carbon  and  hydrogen,  will  be 
completely  oxidized  and  thus  produce  all  the  heat  possible.  The  use  of 
unreasonable  quantities  of  air  in  excess  of  theoretical  combustion  require- 
ments results  in  lowered  efficiencies  due  to  increased  stack  losses.  Such 
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losses,  if  not  accompanied  by  unburned  products  of  combustion  (satu- 
rated and  unsaturated  hydrocarbons,  hydrogen,  etc.)  may  be  offset  some- 
what by  increasing  the  secondary  heating  surfaces  of  the  heat  absorbing 
medium  boiler  or  furnace. 

Oil  is  a  highly  concentrated  fuel  composed  mainly  of  hydrogen  and 
carbon.  In  its  liquid  form  oil  cannot  burn.  It  must  be  converted  into  a 
gas  or  vapor  by  some  means.  If  the  excess  air  is  to  be  kept  within  efficient 
limits  it  means  that  air  must  be  supplied  in  carefully  regulated  quantities. 
The  air  and  oil  vapor  must  be  vigorously  mixed  to  get  a  rapid  and  com- 
plete chemical  reaction.  The  better  the  mixing,  the  less  excess  air  that 
will  be  needed.  The  combustion  must  take  place  in  a  space  that  maintains 
the  temperatures  high  so  the  reaction  will  not  be  stopped  before  com- 
pletion. When  equipped  with  a  means  of  igniting  the  oil  and  safety 
devices  to  guard  against  mishaps,  the  oil  burner  possesses  all  of  the 
elements  to  be  efficient  and  automatic. 

TABLE  8.    APPROXIMATE  GRAVITY  AND  CALORIFIC  VALUE  OF 
STANDARD  GRADES  OF  FUEL  OIL 


COMMERCIAL 
STANDARD  No. 

APPROXIMATE  GRAVITY, 
RANGE  BATJME 

CALORIFIC  VALUE 
BTU  PER  GALLON 

1 

38-40 

136,000 

2 

34-36 

138,500 

3 

28-32 

141,000 

5 

18-22 

148,500 

6 

14-16 

152,000 

CLASSIFICATION  OF  GAS 

Gas  is  broadly  classified  as  being  either  natural  or  manufactured. 
Natural  gas  is  a  mechanical  mixture  of  several  combustible  and  inert 
gases  rather  than  a  chemical  compound.  Manufactured  gas  as  dis- 
tributed is  usually  a  combination  of  certain  proportions  of  gases  produced 
by  two  or  more  processes.  Representative  properties  of  gaseous  fuels 
commonly  used  in  domestic  heating  are  presented  in  Table  9. 

Natural  gas  is  the  richest  of  the  gases  and  contains  from  80  to  95 
per  cent  methane,  with  small  percentages  of  the  other  combustible 
hydrocarbons.  In  addition,  it  contains  from  0.5  to  5.0  per  cent  of  C02, 
and  from  1  to  12  or  14  per  cent  of  nitrogen.  The  heat  value  varies  from 
1000  to  1200  Btu  per  cubic  foot,  the  majority  of  natural  gases  averaging 
about  1000  Btu  per  cubic  foot.  Table  9  shows  typical  values  for  the 
four  main  oil  fields,  although  values  from  any  one  field  vary  materially. 

Table  9  also  gives  the  calorific  values  of  the  more  common  types  of 
manufactured  gas.  Most  states  have  legislation  which  controls  the  distri- 
bution of  gas  and  fixes  a  minimum  limit  to  its  heat  content.  The  gross 
or  higher  calorific  value  usually  ranges  between  520  and  545  Btu  per  cubic 
foot,  with  an  average  of  535.  A  given  heat  value  may  be  maintained  and 
yet  leave  considerable  latitude  in  the  composition  of  the  gas  so  that  as 
distributed  the  composition  is  not  necessarily  the  same  in  different  dis- 
tricts, nor  at  successive  times  in  the  same  district.  However,  in  any 
community  the  variations  in  gas  composition  are  held  within  suitable 
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TABLE  9.    REPRESENTATIVE  PROPERTIES  OF  GASEOUS  FUELS. 
BASED  ON  GAS  AT  60  F  AND  30  IN.  HG. 


GAS 

BTU  PER  Cu  FT 

SPECIFIC 
GRAVITY, 
AIR  = 
1.00 

Am  REQUIRED 
FOR  COMBUS- 
TION. 
(Cu  FT) 

PRODUCTS  OF  COMBUSTION 

THEORETICAL 
FLAME  TEM- 
PERATURE, 
(DEO  FAHR) 

High 
(Gross) 

Low 

(Net) 

Cubic  Feet 

ULTI- 
MATE 
COz 
Dry 
Basis 

C02 

#20 

Total 
with 

Nt 

Natural  gas  — 
California 

1200 

1087 

0.67 

11.26 

1.24 

2.24 

12.4 

12.2 

3610 

Natural  gas  — 
Mid-Conti- 
nental 

967 

873 

0.57 

9.17 

0.97 

1.92 

10.2 

11.7 

3580 

Natural  gas  — 
Ohio 

1130 

1025 

0.65 

10.70 

1.17 

2.16 

11.8 

12.1 

3600 

Natural  gas  — 
Pennsylvania 

1232 

1120 

0.71 

11.70 

1.30 

2.29 

12.9 

12.3 

3620 

Retort  coal  gas 

575 

510 

0.42 

5.00 

0.50 

1.21 

5.7 

11.2 

3665 

Coke  oven  gas 

588 

521 

0.42 

5.19 

0.51 

1.25 

5.9 

11.0 

3660 

Carbureted 
water  gas 

536 

496 

0.65 

4.37 

0.74 

0.75 

5.0 

17.2 

3815 

Blue  water  gas 

308 

281 

0.53 

2.26 

0.46 

0.51 

2.8 

22.3 

3800 

Anthracite  pro- 
ducer gas 

134 

124 

0.85 

1.05 

0.33 

0.19 

1.9 

19.0 

3000 

Bituminous 
producer  gas 

150 

140 

0.86 

1.24 

0.35 

0.19 

2.0 

19.0 

3160 

Oil  gas 

575 

510 

0.35 

4.91 

0.47 

1.21 

5.6 

10.7 

3725 

limits  so  that  the  performance  of  approved  gas  appliances  will  not  be 
adversely  affected. 

COMBUSTION  OF  GAS 

The  majority  of  gas  burners  utilized  in  central  domestic  heating  plants 
are  of  the  Bunsen  type  and  operate  with  a  non-luminous  flame.  In  this 
type  of  burner  part  of  the  air  required  for  combustion  is  mixed  with  the 
gas  as  primary  air,  the  air  and  gas  mixture  being  fed  to  the  burner  ports. 
Additional  secondary  air  is  introduced  around  the  flame  by  draft  inspi- 
ration. In  the  luminous  flame  burner,  which  is  sometimes  used,  all  of  the 
air  for  combustion  is  brought  in  contact  with  the  flame  as  secondary  air. 
The  importance  of  bringing  the  secondary  air  into  intimate  contact  with 
the  gas  is  noted. 

Some  makes  of  burners  use  radiants  or  refractories  to  convert  some  of 
the  energy  in  the  gas  to  radiant  heat.  The  radiants  also  serve  as  baffles 
in  directing  the  flow  of  the  products  of  combustion. 

The  quantity  of  air  given  in  Table  9  is  that  required  for  theoretical 
combustion,  but  with  a  properly  designed  and  installed  burner  the  excess 
air  can  be  kept  low.  The  division  of  the  air  into  primary  and  secondary 
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is  a  matter  of  burner  design  and  the  pressure  of  gas  available,  and  also  of 
the  type  of  flame  desired. 

The  air  gas  ratio  has  a  decided  effect  upon  flame  propagation.  It  is 
necessary  that  the  gas  will  flow  out  of  the  burner  ports  fast  enough  so  that 
the  flame  cannot  travel  back  into  the  burner  head,  i.e.  flash  back,  but  the 
velocity  must  not  be  so  high  that  it  blows  the  flame  away  from  the  port. 

The  maximum  and  minimum  flow  speeds  from  burner  pdrts  which  may 
be  permitted  are  known  to  be  very  close  together  when  air-gas  mixtures 
in  theoretical  proportions  are  being  supplied  to  the  burner.  As  the  air-gas 
ratio  is  lowered,  and  the  mixture  becomes  more  gas  rich,  the  limiting 
speeds  become  further  apart,  until  with  100  per  cent  gas,  in  an  all-yellow 
flame,  flash  back  cannot  occur  and  a  much  higher  velocity  is  needed  to 
blow  off  the  flames. 

SOOT 

The  deposit  of  soot  on  the  flue  surfaces  of  a  boiler  or  heater  acts  as  an 
insulating  layer  over  the  surface  and  reduces  the  heat  transmission  to 
the  water  or  air;  the  Bureau  of  Mines  Report  of  Investigations  No.  3272 
shows  that  the  loss  of  seasonal  efficiency  is  not  as  great  as  has  been 
believed  and  usually  is  not  over  6  per  cent  because  the  greater  part  of  the 
heat  is  transmitted  through  the  combustion  chamber  surfaces.  The  soot 
accumulation  clogs  the  passages  and  reduces  the  draft;  the  loss  of  effi- 
ciency from  this  action  may  be  considerably  greater  than  from  the 
reduction  in  heat  transfer. 
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CHIMNEYS  AND  DRAFT  CALCULATIONS 

Natural  Draft,  Mechanical  Draft,  Draft  Control,  Characteristics 

of    Natural    Draft    Chimneys,    Determining     Chimney    Sizes, 

General  Equation,  Domestic  Chimneys,  Construction  Details, 

Chimneys  for  Gas  Heating 

DRAFT,  in  general,  may  be  defined  as  the  pressure  difference  between 
the  atmospheric  pressure  and  that  at  any  part  of  an  installation 
through  which  the  gases  flow.  Since  a  pressure  difference  implies  a  head, 
draft  is  a  static  force.  While  no  element  of  motion  is  inferred,  yet 
motion  in  the  form  of  circulation  of  gases  throughout  an  entire  boiler 
plant  installation  is  the  direct  result  of  draft.  This  motion  is  due  to  the 
pressure  difference,  or  unbalanced  pressure,  which  compels  the  gases  to 
flow.  Draft  is  often  classified  into  two  kinds  according  to  whether  it  is 
created  thermally  or  artificially,  such  as,  (1)  natural  or  thermal  draft,  and 
(2)  artificial  or  mechanical  draft. 

Natural   Draft 

Natural  draft  is  the  difference  in  pressure  produced  by  the  difference  in 
weight  between  the  relatively  hot  gases  inside  a  natural  draft  chimney  and 
an  equivalent  column  of  the  cooler  outside  air,  or  atmosphere.  Natural 
draft,  in  other  words,  is  an  unbalanced  pressure  produced  thermally  by  a 
natural  draft  chimney  as  the  pressure  transformer  and  a  temperature 
difference.  The  intensity  of  natural  draft  depends,  for  the  most  part, 
upon  the  height  of  the  chimney  above  the  grate  bar  level  and  also  the 
temperature  difference  between  the  chimney  gases  and  the  atmosphere. 

A  typical  natural  draft  system  consists  essentially  of  a  relatively  tall 
chimney  built  of  steel,  brick,  or  reinforced  concrete,  operating  with  the 
relatively  hot  gases  which  have  passed  through  the  boilers  and  accessories 
and  from  which  all  the  heat  has  not  been  extracted.  Hot  gases  are  an 
essential  element  in  the  operation  of  a  natural  draft  system,  although 
inherently  a  heat  balance  loss. 

A  natural  draft  chimney  performs  the  two-fold  service  of  assisting  in 
the  creation  of  draft  by  aspiration  and  also  of  discharging  the  gases  at  an 
elevation  sufficient  to  prevent  them  from  becoming  a  nuisance. 

Natural  draft  is  quite  advantageous  in  installations  where  the  total  loss 
of  draft  due  to  resistances  is  relatively  low  and  also  in  plants  which  have 
practically  a  constant  load  and  whose  boilers  are  seldom  operated  above 
their  normal  rating.  Natural  draft  systems  have  been,  and  are  still  being, 
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employed  in  the  operation  of  large  plants  during  the  periods  when  the 
boilers  are  operated  only  up  to  their  normal  rating.  When  the  rate  of 
operation  is  increased  above  the  normal  rating,  some  form  of  mechanical 
draft  is  employed  as  an  auxiliary  to  overcome  the  increased  resistances  or 
draft  losses.  Natural  draft  systems  are  used  almost  exclusively  in  the 
smaller  size  plants  where  the  amount  of  gases  generated  is  relatively  small 
and  it  would  be  expensive  to  install  and  operate  a  mechanical  draft 
system. 

The  principal  advantages  of  natural  draft  systems  may  be  summarized 
as  follows:  (1)  simplicity,  (2)  reliability,  (3)  freedom  from  mechanical 
parts,  (4)  low  cost  of  maintenance,  (5)  relatively  long  life,  (6)  relatively 
low  depreciation,  and  (7)  no  power  required  to  operate.  The  principal 


FIG.  1.    DIAGRAM  OF  VENTURI  EJECTOR 

disadvantages  are:     (1)  lack  of  flexibility,  (2)  irregularity,  (3)  affected 
by  surroundings,  and  (4)  affected  by  temperature  changes. 

Mechanical  Draft 

Artificial  draft,  or  mechanical  draft,  as  it  is  more  commonly  called,  is  a 
difference  in  pressure  produced  either  directly  or  indirectly  by  a  forced 
draft  fan,  an  induced  draft  fan,  or  aVenturi  chimney  as  the  pressure 
transformer.  The  intensity  of  mechanical  draft  is  dependent  for  the  most 
part  upon  the  size  of  the  fan  and  the  speed  at  which  it  is  operated.  The 
element  of  temperature  does  not  enter  into  the  creation  of  mechanical 
draft  and  therefore  its  intensity,  unlike  natural  draft,  is  independent  of  the 
temperature  of  the  gases  and  the  atmosphere,  The  purpose  of  any 
mechanical  draft  system  is  to  produce  a  difference  in  pressure  between  the 
point  at  which  the  air  for  combustion  enters  the  boiler  and  the  point  at 
which  the  products  of  combustion  leave  the  boiler.  Such  systems  include 
the  blower  or  fan  type  which  produces  a  plenum  or  pressure  above  that 
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of  the  atmosphere  under  the  fire  and  the  exhaust  fan  and  Venturi  types 
which  produce  a  partial  vacuum  that  is  minimum  under  the  fire,  and 
maximum  at  the  point  of  exit  of  the  products  of  combustion  from  the 
boiler.  The  latter  types  are  known  as  induced  draft  systems.  A  me- 
chanical draft  system  called  a  Venturi  ejector1  is  illustrated  in  Fig.  1, 
in  which  the  blower  forces  air,  taken  from  the  outside,  through  a  Venturi 
tube  which  draws  the  gases  from  the  furnace,  boiler  or  hood.  With  this 
system,  the  hot  or  corrosive  gases  do  not  come  in  contact  with  the  blower. 
A  mechanical  draft  system  may  be  used  either  in  conjunction  with,  or 
as  an  adjunct  to,  a  natural  draft  system. 

Draft  Control 

To  obtain  the  maximum  efficiency  of  combustion,  a  definite  minimum 
supply  of  air  to  the  combustion  chamber  must  be  maintained.    To  pro- 


FIG.  2.    GENERAL  OPERATING  CHARACTERISTICS  OF  TYPICAL  INDUCED  DRAFT  FAN 


vide  this  condition,  it  is  necessary  to  have  some  automatic  mechanical 
means  of  draft  control  or  adjustment,  because  of  variable  wind  velocities, 
fluctuations  in  atmospheric  temperatures  and  barometric  pressures,  each 
of  which  has  an  effect  upon  draft. 

For  this  purpose  there  are  various  mechanical  devices  which  auto- 
matically control  the  volume  of  air  admitted  to  the  combustion  chamber. 
Mechanical  draft  regulators  designed  to  control  or  adjust  draft  should 
not  be  confused  with  mechanical  draft  systems  that  create  draft  mechani- 
cally, but  which  must  also  be  automatically  controlled. 

The  use  of  such  a  device,  to  provide  a  more  uniform  and  dependable 
control  of  draft  than  could  be  maintained  by  manually  operated  dampers, 
will  produce  better  combustion  of  fuel.  This  higher  efficiency  of  cornbus- 


iThe  Venturi  Ejector  for  Handling  Air,  by  F.  F.  Kravath  (Heating  and  Ventilating,  June,  p.  17,  August, 
D.  46,  1940). 
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tion,  together  with  the  reduced  heat  losses  up  the  chimney  by  reason  of 
decreased  gas  velocity,  results  in  fuel  economy,  with  consequent  lower 
costs  of  plant  operation. 

CHARACTERISTICS  OF  CHIMNEYS 

In  order  to  analyze  the  performance  of  a  natural  draft  chimney,  it  may 
be  advantageous  to  compare  its  general  operating  characteristics  with 
those  of  a  centrifugal  pump  and  also  of  a  centrifugally-induced  draft  fan, 
there  being  a  similarity  among  the  three,  Figs.  2,  3  and  4  show  the 
general  operating  characteristics  of  a  typical  centrifugally-induced  draft 
fan,  a  typical  centrifugal  pump,  and  a  typical  natural  draft  chimney, 
respectively.  The  draft-capacity  curve  of  the  chimney  corresponds  to 
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FIG,  3.   OPERATING  CHARACTERISTICS  OF  TYPICAL  CENTRIFUGAL  PUMP 

the  head-capacity  curve  of  the  pump  and  also  to  the  dynamic-head- 
capacity  curve  of  the  fan.  * 

When  the  gases  in  the  chimney  are  stationary,  the  draft  created  is 
termed  the  theoretical  draft.  When  the  gases  are  flowing,  the  theoretical 
intensity  is  diminished  by  the  draft  loss  due  to  friction,  the  difference 
between  the  two  being  termed  the  total  available  draft. 

If  pressures  at  the  bases  of  a  column  of  air  and  a  column  of  chimney  gas,  each  of 
height  H feet;  and  d0  and  dc  represent  the  respective  densities  of  the  air  and  the  gas  in 
pounds  per  cubic  foot,  then  the  theoretical  draft  Dt  in  pounds  per  square  foot  is: 

Expressing  the  densities  under  standard  conditions  of  pressure  and  temperature,  and 
assuming  that  the  absolute  pressure  of  the  gas  is  the  same  as  that  of  the  air,  the  theo- 
retical draft  becomes : 

Dt  -  15.36  HB0  (^  -  ~ 

Expressed  in  inches  of  water  this  is: 

Dt  -  2.96  1 
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The  friction  loss  in  the  chimney  may  be  determined  from  the  Fanning  equation: 
Head  lost  in  feet  of  fluid  =  +-j-  X  -^ 

in  which  R  is  the  inside  perimeter  of  the  cross-section  in  feet,  A  the  cross-section  area 
in  square  feet,  and  V  the  velocity  of  fluid  in  feet  per  second. 

Substituting  for  V  its  value  in  terms  of  W  and  the  cross -section  area,  and  expressing 
the  loss  of  head  in  inches  of  water  this  becomes: 

For  cylindrical  stacks 

JiL  =  0.01936 

and  for  a  rectangular  stack  of  sides  x  and  y  in  feet, 


Substituting  for  dc  its  value: 

460  30  Wc 
29.92  rc 

gives  for  a  cylindrical  stack, 


and  for  a  rectangular  stack, 

fe  =  o.ooo388  wg 


The  available  draft  then  is,  for  a  cylindrical  stack: 


and  for  a  rectangular  stack: 


2.96  HB0  -- 

O      rc 


.  0  --  0-000388        TcfL  (*  +  y) 

\  TO      rc  / 
where 

Da  —  available  draft,  inches  of  water. 
H  =  height  of  chimney  above  grate  bars,  feet. 

B0  =  barometric  pressure  corresponding  to  altitude,  inches  of  mercury. 
Wo  =  unit  weight  of  a  cubic  foot  of  air  at  0  F  and  sea  level  atmospheric  pressure, 

pounds  per  cubic  foot. 
Wc  =  unit  weight  of  a  cubic  foot  of  chimney  gases  at  0  F  and  sea  level  atmospheric 

pressure,  pounds  per  cubic  foot. 

TO  =  absolute  temperature  of  atmosphere,  degrees  Fahrenheit. 
Tc  —  absolute  temperature  of  chimney  gases,  degrees  Fahrenheit. 
W  —  weight  of  gases  generated  in  the  combustion  chamber  of  the  boiler  and  passing 

through  the  chimney,  pounds  per  second. 
/  =  coefficient  of  friction. 

L  =  length  of  friction  duct  of  the  chimney,  feet. 
D  =  minimum  diameter  of  chimney,  feet. 

The  first  term  of  the  right  hand  expression  of  Equation  1  represents 
the  theoretical  draft  intensity,  and  the  second  term,  the  loss  due  to  friction. 

169 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


Example  1.  ^  Determine  the  available  draft  of  a  natural  draft  chimney  200  ft  in  height 
and  10  ft  in  diameter  operating  under  the  following  conditions:  atmospheric  tempera- 
ture, 62  F;  chimney  gas  temperature,  500  F;  sea  level  atmospheric  pressure,  BQ  =  29.92 
in.  of  mercury;  atmospheric  and  chimney  gas  density,  0.0863  and  0.09,  respectively; 
coefficient  of  friction,  0.016;  length  of  friction  duct,  200  ft.  The  chimney  discharges 
100  Ib  of  gases  per  second. 

Substituting  these  values  in  Equation  1  and  reducing: 

D    -9Qfi  v  900  v  2Q  Q9  v  f°i°^      °'09>\       0.00126  X  100'  X  960  X  0.016  X  200 
U*  -  ..95  X  200  X  29.92  X  \^T  -  960  )  10*  X  29.92  X  0.09 

=  1.27  -  0.14  =  1.13  in. 

Fig.  4  shows  the  variation  in  the  available  draft  of  a  typical  200  ft  by 
10  ft  chimney  operating  under  the  general  conditions  noted  in  Example  1. 
When  the  chimney  is  under  static  conditions  and  no  gases  are  flowing,  the 
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FIG.  4,    TYPICAL  SET  OF  OPERATING  CHARACTERISTICS  OF  A  NATURAL  DRAFT  CHIMNEY 

available  draft  is  equal  to  1.27  in.  of  water,  the  theoretical  intensity.  As 
the  amount  of  gases  flowing  increases,  the  available  intensity  decreases 
until  it  becomes  zero  at  a  gas  flow  of  297  Ib  per  second,  at  which  point  the 
draft  loss  due  to  friction  is  equal  to  the  theoretical  intensity.  The  draft- 
capacity  curve  Corresponds  to  the  head-capacity  curve  of  centrifugal 
pump  characteristics  and  the  dynamic-head-capacity  curve  of  a  fan.  The 
point  of  maximum  draft  and  zero  capacity  is  called  shut-off  draft,  or  point 
of  impending  delivery,  and  corresponds  to  the  point  of  shut-off  head  of  a 
centrifugal  pump.  The  point  of  zero  draft  and  maximum  capacity  is 
called  the  wide  open  point  and  corresponds  to  the  wide  open  point  of  a 
centrifugal  pump.  A  set  of  operating  characteristics  may  be  developed 
for  any  size  chimney  operating  under  any  set  of  conditions  by  substituting 
the  proper  values  in  Equation  1  and  then  plotting  the  results  in  the 
manner  shown  in  Fig.  4. 

In  substituting  the  values  for  the  various  factors  in  Equation  1,  care 
should  be  exercised  that  the  selections  be  as  near  the  actual  conditions  as 
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is  practically  possible.  The  following  notes  will  serve  as  a  guide  for  these 
selections: 

1.  The  barometric  pressure,  represented  by  BQ,  is  the  actual  pressure  at  the  site  of  the 
chimney  and  not  the  pressure  reduced  to  sea  level  datum. 

In  general,  the  barometric  pressure  decreases  approximately  0.1  in.  of  mercury  per  100 
ft  increase  in  elevation. 

2.  The  unit  weight'  of  a  cubic  foot  of  chimney  gases  at  0  F  and  sea  level  barometric 
pressure  is  given  by  the  equation: 

Wc  =  0.131  C0a  +  0.095  02  -f-  0.083  N,  (3) 

In  this  equation  COz,  Oz  and  Nz  represent  the  percentages  of  the  parts  by  volume  of  the 
carbon  dioxide,  oxygen  and  nitrogen  content,  respectively,  of  the  gas  analysis.  For 
ordinary  operating  conditions,  the  value  of  Wc  may  be  assumed  at  0.09. 

The  density  effect  on  the  chimney  gases  due  to  superheated  water  vapor  resulting 
from  moisture  and  hydrogen  in  the  fuel,  or  due  to  any  air  infiltrations  in  the  chimney 
proper  are  disregarded.  Though  water  vapor  content  is  not  disclosed  by  Orsat  analysis, 
its  presence  tends  to  reduce  the  actual  weight  per  cubic  foot  of  chimney  gases. 

3.  The  atmospheric  temperature  is  the  actual  observed  temperature  of  the  outside  air 
at  the  time  the  analysis  of  the  operating  chimney  is  made.    The  mean  atmospheric 
temperature  in  the  temperate  zone  is  approximately  62  F. 

4.  The  chimney  gas  temperature  decreases  from  the  breeching  connection  to  the  top  of 
the  stack.  This  drop  in  temperature  depends  upon  the  material  and  construction  of  the 
stack,  its  tightness  or  freedom  from  leaks,  its  area,  its  height,  and  the  velocity  of  the 
gases  through  it.    The  same  chimney  will  suffer  different  temperature  losses  depending 
upon  the  capacity  under  which  it  is  working  and  the  variable  atmospheric  conditions. 
No  general  equation  covering  all  these  variables  has  been  suggested,  but  from  observa- 
tions on  chimneys  varying  in  diameter  from  3  to  16  ft  and  in  height  from  100  to  250  ft 
the  following  equation  was  deduced2; 


where 

T\  =  absolute  temperature  at  the  center  of  the  connection  from  the  breeching, 

degrees  Fahrenheit, 
fib  =  the  height  of  the  stack  above  center  line  connection  to  breeching,  feet. 

5.  The  coefficient  of  friction  between  the  chimney  gases  and  a  sooted  surface  has  been 
taken  by  many  workers  in  this  field  as  a  constant  value  of  0.016  for  the  conditions  in- 
volved.   This  value,  of  course,  would  be  less  for  a  new  unlined  steel  stack  than  for  a 
brick  or  brick-lined  chimney,  but  in  time  the  inside  surface  of  all  chimneys  regardless  of 
the  materials  of  construction  becomes  covered  with  a  layer  of  soot,  and  thus  the  coef- 
ficient of  friction  has  been  taken  the  same  for  all  types  of  chimneys  and  in  general 
constant  for  all  conditions  of  operation.    For  reasons  of  simplicity  and  convenience  to 
the  reader,  this  constant  value  of  0.016  has  been  employed  in  the  development  of  the 
various  special  equations  and  charts  shown  in  this  chapter. 

In  important  chimney  design,  especially  when  the  construction  or  the  materials  are 
unusual,  it  is  recommended  that  use  be  made  of  Reynolds  number3  in  determining  the 
friction  factor,  /. 

6.  The  length  of  the  friction  duct  is  the  vertical  distance  between  the  bottom  of  the 
breeching  opening  and  the  top  of  the  chimney.    Ordinarily  this  distance  is  approximately 
equal  to  the  height  of  the  chimney  above  the  grate  level. 

7.  Assuming  no  air  infiltration  the  amount  of  gases  flowing  and  being  discharged  is, 
of  course,  equal  to  the  amount  of  gases  generated  in  the  combustion  chamber  of  the 


3Notea  on  Power  Plant  Design,  by  E.  F.  Miller  and  James  Holt  (Massachusetts  Institute  of  Technology, 
1930). 

*For  more  complete  discussion  see  Flow  of  Fluids  in  Closed  Conduits,  by  R.  J.  S.  Pigott  (Mechanical 
Engineering,  August,  1933). 
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boiler.    The  total  products  of  combustion  in  pounds  per  second  for  a  grate-fired  boiler 
may  be  computed  from  the  equation: 


where 

Cg  =  pounds  of  fuel  burned  per  square  foot  of  grate  surface  per  hour. 
G  =  total  grate  surface  of  boilers,  square  feet. 
Cg  X  G  -  total  weight  of  fuel  burned  per  hour. 

PFtp  =  total  weight  of  products  of  combustion  per  pound  of  fuel. 
A  similar  computation  may  be  made  in  the  case  of  gas,  oil,  or  stoker-fired  fuel. 
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FIG.  5.    CHIMNEY  PERFORMANCE  CHART** 

*To  salve  a  typical  example:  Proceed  horizontally  from  a  Weight  Flow  Rate  point  to  intersection  with 
diameter  line;  from  this  intersection  follow  vertically  to  chimney  height  line;  from  this  intersection  follow 
horizontally  to  the  right  to  Available  Draft  scale.  Starting  from  a  point  of  Available  Draft,  take  steps  in 
reverse  order. 

Fig.  5  is  a  typical  chimney  performance  chart  giving  the  available  draft 
intensities  for  various  amounts  of  gases  flowing  and  sizes  of  chimney. 
This  chart  is  based  on  an  atmospheric  temperature  of  62  F,  a  chimney  gas 
temperature  of  500  F,  a  unit  chimney  gas  weight  of  0.09  Ib  per  cubic  foot, 
sea  level  atmospheric  pressure,  a  coefficient  of  friction  of  0.016,  and  a 
friction  duct  length  equal  to  the  height  of  the  chimney  above  the  grate 
level.  These  curves  may  be  used  for  general  operating  conditions.  For 
specific  conditions,  a  new  chart  should  be  prepared  from  Equation  1, 

It  has  been  the  usual  custom,  and  still  is  to  a  lamentably  great  extent 
to  select  the  required  size  of  a  natural  draft  chimney  from  a  table  oJ 
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chimney  sizes  based  only  on  boiler  horsepowers.  After  the  ultimate 
horsepower  of  the  projected  plant  had  been  determined,  the  chimney  size 
in  the  table  corresponding  to  this  figure  was  then  selected  as  the  proper 
size  required.  Generally,  no  further  attempt  was  made  to  determine  if 
the  height  thus  selected  was  sufficient  to  help  create  the  required  draft 
demanded  by  the  entire  installation,  or  the  diameter  sufficiently  large  to 
enable  the  chimney  quickly,  efficiently,  and  economically  to  dispose  of  the 
gases.  Since  the  operating  characteristics  of  a  natural  draft  chimney  are 
similar  in  all  respects  to  those  of  a  centrifugal  pump,  or  a  centrifugal  fan, 
it  is  no  more  possible  to  select  a  proper  size  chimney  from  such  a  table, 
even  with  correction  factors  appended,  than  it  is  to  select  the  proper  size 
pump  from  tables  based  only  on  the  amount  of  water  to  be  delivered. 

DETERMINING  CHIMNEY  SIZES 

The  required  diameter  and  height  of  a  natural  draft  cylindrical  chimney 
are  given  by  the  following  equations: 

77  —  ^ 

•*"*•  /  TTf  TT7     \  f\    1  ft  A  JTT7T      T5       T/J  / ft\ 


The  weight  of  gas  per  second, 

W  ~  12.075 


•*  C 

from  which 


D  =  0.288  *  (7) 

1  B0WCV 

where 

H  -  required  height  of  chimney  above  grate  bar  level,  feet. 
D  —  required  minimum  diameter  of  chimney,  feet  (constant  for  entire  height). 
V  =  chimney  gas  velocity,  feet  per  second. 

DI  =  total  required  draft  demanded  by  the  entire  installation  outside  of  the  chimney, 
inches  of  water. 

Equations  6  and  7  give  the  required  size  of  a  natural  draft  chimney  with 
all  of  the  operating  factors  taken  into  consideration.  Values  for  all  of  the 
factors  with  the  exception  of  the  chimney  gas  velocity  may  be  either 
observed  or  computed.  It  is,  of  course,  necessary  to  assume  an  arbitrary 
value  for  the  velocity  in  order  to  arrive  at  some  definite  size.  For  any  one 
set  of  operating  conditions  there  will  be  as  many  sizes  of  chimney  as  there 
are  values  of  reasonable  velocities  to  assume.  Of  the  number  of  sizes 
corresponding  to  the  various  assumed  velocities,  there  is  one  size  which 
will  be  least  expensive.  Since  the  cost  of  a  chimney  structure,  regardless 
of  the  kind  of  material  used  in  the  construction,  varies  as  the  volume  of 
material  in  the  structure,  the  cost  criterion  then  may  be  represented  by 
the  approximate  equation  : 

Q  -  vtHD  (8) 

where 

Q  =  volume  of  material,  cubic  feet. 
t  =  average  wall  thickness,  feet. 
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For  all  practical  purposes,  the  value  of  %t  may  be  taken  as  a  constant 
regardless  of  the  size  of  the  structure.  Hence,  in  general,  the  volume,  and 
consequently  the  cost,  of  a  chimney  structure  may  be  based  on  the  factor 
HD  as  a  criterion.  Therefore,  the  value  of  the  chimney  gas  velocity  which 
will  result  in  the  least  value  of  HD  for  any  one  set  of  operating  con- 
ditions will  produce  a  structure  which  will  be  the  most  economical  to  use, 
because  its  cost  will  be  least. 
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FIG.  6.     ECONOMICAL  CHIMNEY  SiZESa 

aDiameter  values  also  for  gaa  temperatures  of  400,  500  and  600  F 

The  problem  is  to  deduce  an  equation  for  the  chimney  gas  velocity 
which  will  result  in  a  combination  of  a  height  and  a  diameter  whose 
product  HD  will  be  least.  The  solution  is  obtained  by  equating  the  pro- 
duct of  Equations  6  and  7  to  HD,  differentiating  this  product  with  respect 
to  V  and  equating  the  resulting  expression  to  zero.  This  procedure 
results  in  the  following  expression : 


Fe  « 


\ 


2/5 


(9) 


where  Fe  =  economical  chimney  gas  velocity,  feet  per  second. 

Equation  9  gives  the  economical  velocity  of  the  chimney  gases  for 
any  set  of  operating  conditions,  and  represents  the  velocity  which  will 
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result  in  a  chimney  the  size  of  which  will  cost  less  than  that  of  any  other 
size  as  determined  by  any  other  velocity  for  the  same  operating  con- 
ditions. After  the  value  of  the  economical  velocity  has  been  determined, 
the  corresponding  height  and  diameter  can  then  be  determined  from 
Equations  6  and  7,  respectively,  and  the  economical  size  will  then  be 
attained.  Equations  6,  7  and  9  may  be  simplified  considerably  for 
average  operating  conditions  in  an  average  size  steam  plant  by  assuming 
typical  conditions. 

Average  chimney  gas  temperature,  500  F Tc  —  960 

Mean  atmospheric  temperature.  62  F T0  =  522 

Average  coefficient  of  friction,  0.016 ./  =  0.016 

Average  chimney  gas  density,  0.09 Wc  =  0.09 

Sea  level  elevation,  with  barometer  of  29.92 B0  =  29.92 

Substituting  these  values  in  Equations  9,  7  and  6,  respectively,  and 
reducing,  the  results  are  substantially: 

Fe  -  13.7PF1/5  (10) 

D  -  1.5TF2/5  (ID 

H  =  190£>r  (12) 

Fig.  6  gives  the  economical  chimney  sizes  for  various  amounts  of  gases 
flowing  and  for  required  draft  intensities  as  computed  from  Equations  10, 
11  and  12.  They  are  based  on  the  operating  factors  used  in  reducing 
Equations  6,  7  and  9  to  their  simpler  form.  The  sizes  shown  by  the 
curves  in  the  chart  should  be  used  for  general  operating  conditions  only, 
or  for  installations  where  the  required  data  necessary  for  an  exact  deter- 
mination are  difficult  or  impossible  to  secure.  Whenever  it  is  possible  to 
secure  accurate  data,  or  the  anticipated  operating  conditions  are  fairly 
well  known,  the  required  size  should  be  determined  from  Equations  6, 
7  and  9.  The  recommended  minimum  inside  dimensions  and  heights  of 
chimneys  for  small  and  medium  size  installations  are  given  in  Table  1. 

GENERAL  EQUATION 

The  general  draft  equation  for  a  steam  producing  plant  may  be  stated 
as  follows: 

Dt  -  hf  -  to  +  hB  +  fcBd  +  he  +  h*T  +  Av  +  ho  +  hs  +  fa.  (13) 

where 

Dt  =  theoretical  draft  intensity  created  by  pressure  transformer,  inches  of  water. 
hf  —  draft  loss  due  to  friction  in  pressure  transformer,  inches  of  water. 
hF  =  draft  loss  through  the  fuel  bed,  inches  of  water. 
JiE  =  draft  loss  through  the  boiler  and  setting,  inches  of  water. 
hBT  =  draft  loss  through  the  breeching,  inches  of  water. 
hy  =  draft  loss  due  to  velocity,  inches  of  water. 
fcBd  —  draft  loss  due  to  bends,  inches  of  water. 
he  =  draft  loss  due  to  contraction  of  opening,  inches  of  water. 
ho  =  draft  loss  due  to  enlargement  of  opening,  inches  of  water. 
#E  =  draft  loss  through  the  economizer,  inches  of  water. 
&R  =  draft  loss  through  recuperators,  regenerators,  or  air  heaters,  inches  of  water. 
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The  left  hand  member  of  Equation  13  represents  the  total  amount  of 
available  draft  created  by  the  pressure  transformer,  that  is,  the  natural 
draft  chimney,  Venturi  chimney,  or  fan,  and  is  equal  to  the  theoretical 
intensity  less  the  internal  losses  incidental  to  operation.  The  right  hand 
member  represents  the  sum  of  all  of  the  various  losses  of  draft  throughout 
the  entire  boiler  plant  installation  outside  of  the  pressure  transformer 
itself.  The  left  hand  member  expresses  the  available  intensity  and  is 
analogous  to  the  head  developed  by  a  centrifugal  pump  in  a  water  works 
system,  while  the  right  hand  member  expresses  the  required  draft  in- 


TABLE  1. 


RECOMMENDED  MINIMUM  CHIMNEY  SIZES  FOR 
HEATING  BOILERS  AND  FURNACES a 


IT 

RECTANGULAR  FLUB 

ROUND  FLUB 

WARM  Ant 

STEAM 

HOT 

NOMINAL 

FURNACE 
CAPACITY 
IN  SQ  IN. 
OF  LEADER 
PIPE 

BOILER 

CAPACITY 
SqFi 
OP  RADI- 
ATION 

WATER 
HEATER 
CAPACITY 
SQFT 
OP  RADI- 
ATION 

DIMEN- 
SIONS OP 
FIRE  CLAY 

LINING 
IN  INCHES 

Actual 
t  Inside 
Dimensions 
of  Fire  Clay 
Lining 

Actual 
Area 
Sq  In. 

Inside 
Diam- 
eter of 
Lining 
in 

Actual 
Area 
Sq  In. 

HEIGHT 
IN  FT 
ABOVE 
GRATE 

in  Inches 

Inches 

'790 

590 

973 

8^x13 

7    xllj^ 

81 

35 
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690 

1,140 

10 

79 

900 

1,490 

13x13 

lltfxllK 

127 
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8^x18 

6Mxl6J4 

110 

1,100 
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12 

113 

40 

1,700 
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13x18 

njixieji 

183 

1,940 

3,200 

15 

177 

2,130 

3,520 

18x18 

ISJtfxlSJi 

248 

2,480 

4,090 

20x20 

17Mxl7M 

298 

45 

3,150 

5,200 

18 

254 

50 

4,300 

7,100 

20 

314 

4,600 

7,590 

20x24 

17x21 

357 

5,000 

8,250 

24x24 

21x21 

441 

55 

5,570 

9,190 

24x24b 

576 

60 

5,580 

9,200 

22 

380 

6,980 

11,500 

24 

452 

65 

7,270 

12,000 

24x28^ 

672 

8,700 

14,400 

28x28^ 

784 

9,380 

15,500 

27 

573 

10,150 

16,750 

30x30* 

900 

10,470 

17,250 

28x32b 

896 

*This  table  is  taken  from  the  A.S.H.V.E.  Code  of  Minimum  Requirements  for  the  Heating  and  Venti- 
lation of  Buildings  (Edition  of  1929). 

bDimensions  are  for  unlined  rectangular  flues. 

tensity  and  is  analogous  to  the  total  dynamic  head  in  a  water  works 
system.    For  a  general  circulation  of  gases 


(14) 


where 


Z)a  =  available  draft  intensity,  inches  of  water. 
DT  =  required  draft,  inches  of  water. 

The  draft  loss  through  the  fuel  bed  (for),  or  the  amount  of  draft  required  to 
effect  a  given  or  required  rate  of  combustion,  varies  between  wide  limits 
and  represents  the  greater  portion  of  the  required  draft.  In  coal-fired 
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installations,  the  draft  loss  through  the  fuel  bed  is  dependent  upon  the 
following  factors:  (1)  character  and  condition  of  the  fuel,  clean  or  dirty; 
(2)  percentage  of  ash  in  the  fuel;  (3)  volume  of  interstices  in  the  fuel  bed, 
coarseness  of  fuel;  (4)  thickness  of  the  fuel  bed,  rate  of  combustion; 
(5)  type  of  grate  or  stoker  used;  (6)  efficiency  of  combustion. 

There  is  a  certain  intensity  of  draft  with  which  the  best  results  will  be 
obtained  for  every  kind  of  coal  and  rate  of  combustion.  Fig.  7  gives  the 
intensity  of  draft,  or  the  vacuum  in  the  combustion  chamber  required  to 
burn  various  lands  of  coal  at  various  rates  of  combustion.  Expressed  in 
other  words,  these  curves  represent  the  amount  of  draft  required  to  force 
the  necessary  amount  of  air  through  the  fuel  bed  in  order  to  effect  various 
rates  of  combustion.  It  will  be  noted  that  the  amount  of  draft  increases 
as  the  percentage  of  volatile  matter  diminishes,  being  comparatively  low 


0     5    10    15    20    25    30    35    40    45 
POUNDS  OF  COAL  BURNED  PER  SQ  FT  OF  GRATE  SURFACE  PER  HOUR 

FIG.  7.    DRAFT  REQUIRED  AT  DIFFERENT  RATES  OF  COMBUSTION 
FOR  VARIOUS  KINDS  OF  COAL 

for  the  lower  grades  of  bituminous  coals  and  highest  for  the  high  grades 
and  small  sizes  of  anthracites.  Also,  when  the  interstices  of  the  coal  are 
large  and  the  particles  are  not  well  broken  up,  as  with  bituminous  coals, 
much  less  draft  is  required  than  when  the  particles  are  small  and  are  well 
broken  up,  as  with  bituminous  slack  and  the  small  sizes  of  anthracites.  In 
general,  the  draft  loss  through  the  fuel  bed  increases  as:  (1)  the  per- 
centage of  volatile  matter  diminishes;  (2)  the  percentage  of  fixed  carbon 
increases;  (3)  the  thickness  of  the  bed  increases;  (4)  the  percentage  of  ash 
increases;  (5)  the  volume  of  the  interstices  diminishes. 

In  making  the  preliminary  assumptions  for  the  draft  loss  through  the 
fuel  bed,  due  allowances  should  be  made  for  a  possible  future  change  in 
the  grade  of  fuel  to  be  burned  and  also  in  the  rate  of  combustion.  A^value 
should  be  selected  for  this  loss  which  will  represent  not  only  the  highest 
rate  of  combustion  which  will  be  encountered,  but  also  the  grade  of  coal 
which  has  the  greatest  resistance  through  the  fuel  bed  and  which  may  be 
burned  at  a  later  date. 
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In  powdered-fuel  and  oil-fired  installations,  there  will  be  no  draft  loss 
through  the  fuel  bed  since  there  is  none  and,  consequently,  this  factor 
becomes  zero  in  the  general  draft  equation.  All  other  factors  being 
constant,  the  height  of  the  chimney  in  installations  of  this  character  will 
be  less  than  the  height  in  coal-fired  installations,  and  in  the  case  of  me- 
chanical draft  installations  the  driving  units  need  not  be  as  large  since  the 
head  against  which  the  fan  is  to  operate  is  not  as  great  in  the  former  as 
in  the  latter. 

The  draft  loss  through  the  boiler  and  setting  (h^)  also  varies  between  wide 
limits  and,  in  general,  depends  upon  the  following  factors:  (1)  type  of 
boiler,  (2)  size  of  boiler,  (3)  rate  of  operation,  (4)  arrangement  of  tubes, 
(5)  arrangement  of  baffles,  (6)  type  of  grate,  (7)  design  of  brickwork 
setting,  (8)  excess  air  admitted,  and  (9)  location  of  entrance  into  breeching. 

Curves  showing  the  draft  loss  through  the  boiler  are  usually  based  on 
the  load  or  quantity  of  gases  passing  through  the  boiler,  expressed  in 
terms  of  percentage  of  normal  rate  of  operation.  Owing  to  the  great 
variety  of  boilers  of  different  designs  and  the  various  schemes  of  baffling, 
it  is  impossible  to  group  together  a  set  of  curves  for  the  draft  loss  through 
the  boiler  which  may  even  be  used  generally.  It  is  therefore  necessary  to 
secure  this  information  from  the  manufacturer  of  the  particular  type  of 
boiler  and  baffle  arrangement  under  consideration. 

When  a  boiler  is  installed  and  in  operation,  the  draft  loss  depends  upon 
the  amount  of  gases  flowing  through  it.  This,  in  turn,  depends  upon  the 
proportion  of  excess  air  admitted  for  combustion.  Primarily,  the  amount 
of  excess  air  is  measured  by  the  COz  content;  the  less  the  amount  of  CO*, 
the  greater  the  amount  of  excess  air  and  hence  the  greater  the  draft  loss. 

The  loss  of  draft  through  the  boiler  will  vary  directly  as  the  size  of  the 
boiler  and  the  length  of  the  gas  passages  within.  The  loss  also  varies  as 
the  number  of  tubes  high,  but  not  in  a  direct  ratio  inasmuch  as  the  loss 
due  to  the  reversal  of  flow  at  the  ends  of  the  baffles  remains  constant 
regardless  of  the  height  of  the  boiler.  The  arrangement  of  the  tubes, 
whether  the  gases  flow  parallel  to  or  at  right  angles  to  'the  tubes,  has  an 
appreciable  effect  on  the  loss.  The  arrangement  of  the  baffles  influences 
the  draft  loss  greatly,  the  loss  through  a  boiler  with  five  passes  being 
greater  than  the  loss  through  one  of  three  or  four  passes.  A  poor  design 
and  a  rough  condition  of  the  brickwork  will  increase  the  loss  greatly, 
whereas  a  proper  design  and  a  smooth  condition  will  keep  the  loss  at  a 
minimum.  The  loss  through  the  boiler  will  be  less  when  the  breeching 
entrance  is  located  at  or  near  the  top  of  the  boiler  than  when  it  is  located 
at  or  near  the  bottom  since  the  gases  have  a  shorter  distance  to  travel 
in  the  former  instance. 

The  draft  loss  through  the  breeching  (/&Br)  may  be  found  by  applying  the 
last  term  on  the  right,  with  the  sign  changed,  of  Equation  1  or  2  depending 
upon  whether  the  breeching  is  cylindrical  or  rectangular  and  observing 
the  following  changes  in  the  symbols : 

Tc  =  absolute  temperature  of  breeching  gases,  degrees  Fahrenheit. 
/  =  coefficient  of  friction  for  the  breeching. 
L  —  length  of  breeching,  feet. 
D  *=  diameter  of  cylindrical  breeching,  feet. 
x  and  y  =  sides  of  breeching,  if  rectangular,  feet. 
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It  has  been  the  general  custom  to  lump  off  the  intensity  of  the  breeching 
loss  at  0.10  in.  of  water  per  100  ft  of  breeching  length  regardless  of  its  size 
or  shape  or  the  amount  and  temperature  of  the  gases  flowing  through  it. 
This  practice  is  hazardous  and  has  no  more  foundation  in  fact  than  that  of 
determining  the  friction  head  in  a  water  works  system  without  taking 
into  consideration  the  size  of  the  pipe  or  the  amount  of  water  flowing 
through  it.  When  the  length  of  the  breeching  is  relatively  short^  any 
variation  in  any  one  of  the  factors  in  the  equation  will  have  no  appreciable 
effect  on  the  draft  loss.  However,  when  the  breeching  is  relatively  long, 
the  draft  loss  is  affected  greatly  by  the  various  factors,  particularly  by  the 
size  and  shape  as  well  as  by  the  weight  of  gases  flowing. 

The  draft  loss  due  to  velocity  (&v)  is  given  by  the  equation 


where 

A  =  cross-section  area  at  the  top  of  the  stack,  square  feet. 

The  draft  loss  due  to  bends  in  the  breeching  (Asd)  is  dependent  upon  the 
center  line  radius  of  curvature  of  the  bends  and  the  form  of  the  cross- 
section.  This  loss  is  expressed  in  terms  of  the  velocity  head.  (See  Fig.  4, 
Chapter  31.) 

The  draft  loss  due  to  sudden  contraction  of  an  area  (he)  is  given  by  the 
equation  : 


where 

Kc  =  coefficient  of  sudden  contraction  based  on  -p,  the  ratio  of  the  areas  of  the 

A\ 

smaller  to  the  larger  section  =  0.5  (  1  —  —£-  J 
AS  =  area  of  the  smaller  section. 

When  the  flue  or  passage  through  which  the  gases  flow  is  suddenly 
contracted,  a  considerable  portion  of  the  static  head  in  the  larger  section 
is  converted  into  velocity  head  and  a  draft  loss  of  some  consequence,  par- 
ticularly in  a  short  breeching,  takes  place.  A  sudden  contraction  should 
always  be  avoided  where  possible.  At  times,  however,  due  to  obstruc- 
tions or  limited  head-room,  it  is  necessary  to  alter  the  size  of  the  breeching, 
but  a  sudden  contraction  may  be  avoided  by  gradually  decreasing  the 
area  over  a  length  of  several  feet. 

The  draft  loss  due  to  a  sudden  enlargement  of  an  area  (ho)  is  given  by  the 
equation  : 


where 

KQ  =  coefficient  of  sudden  enlargement  based  on  —,  the  ratio  of  the  areas  of  the 

•"•i 

smaller  to  the  larger  section  =  f  1  —  -jr-  ) 

When  the  flue  or  passage  through  which  the  gases  flow  is  suddenly 
enlarged,  a  portion  of  the  velocity  head  is  converted  into  static  head  in  the 
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larger  section  and,  like  the  loss  due  to  sudden  contraction,  a  loss  of  some 
consequence,  particularly  in  short  breechings,  takes  place.  A  sudden 
enlargement  in  a  breeching  may  be  avoided  by  gradually  increasing  the 
area  over  a  length  of  several  feet.  In  large  masonry  chimneys,  the  area  of 
the  flue  at  the  region  of  the  breeching  entrance  is  considerably  larger 
than  the  area  of  the  breeching  at  the  chimney,  and  a  sudden  enlargement 
exists. 

The  draft  loss  through  the  economizer  (&E)  should  be  obtained  from  the 
manufacturer  but  for  general  purposes  it  may  be  computed  from  the 
following  general  equation : 

hE  =  — — ?- — ^  (18) 

where 

•  pounds  of  gases  flowing  per  hour  per  linear  foot  of  pipe  in  each  economizer 
section. 


secon. 
N  —  number  of  economizer  sections. 


An  economizer  in  a  steam  plant  affects  the  draft  in  two  ways,  (1)  it 
offers  a  resistance  to  the  flow  of  gases,  and  (2)  iUowers  the  average 
chimney  gas  temperature,  thereby  decreasing  the  available  intensity.  In 
the  case  of  a  natural  draft  installation,  both  of  these  factors  result  in  a 
relative  increase  in  the  height  of  the  chimney  and,  in  the  case  of  a  large 
plant,  they  may  add  as  much  as  20  or  30  ft  to  the  height.  The  decrease 
in  the  temperature  of  the  gases  after  they  have  passed  through  the 
economizer  has  an  extremely  important  effect  on  the  performance  of  a 
natural  draft  chimney  and  also  upon  the  performance  of  a  fan. 

GENERAL  CONSIDERATIONS  FOR  DOMESTIC  CHIMNEYS 

The  draft  of  domestic  chimneys  may  be  subject  to  a  variety  of  influences 
not  usually  encountered  in  power  chimneys,  such  as  buildings  in  the 
immediate  vicinity  which  may  be  higher  than  the  chimney,  trees,  and 
even  hills  as  well  as  the  shape  of  the  roof  of  the  building  which  the 
chimney  serves. 

Horizontal  winds  have  an  aspirating  effect  as  they  pass  across  the 
chimney  and  are  an  aid  to  draft  providing  they  remain  horizontal  at  the 
chimney  top.  However,  surrounding  objects,  such  as  trees  or  ^  other 
buildings,  may  greatly  affect  the  direction  of  the  wind  at  the  chimney 
top  and  may  even  direct  it  down  the  chimney,  tending  to  reduce  the 
draft  or  even  to  cause  it  to  be  negative.  Although  the  chimney  should, 
in  general,  extend  well  above  the  highest  part  of  the  roof,  it  is  impractic- 
able to  carry  it  much  beyond  this  point. 

It  is  also  important  to  consider  the  source  of  the  air  supply  for  proper 
combustion.  Usually  the  boiler  or  furnace  is  located  in  the  basement  or 
cellar  and  perhaps,  as  a  general  thing,  when  the  furnace  room  has  windows 
or  doors  opening  to  the  outside  on  two  or  more  sides  of  the  house,  the 
leakage  of  air  around  the  windows  and  doors  will  be  sufficient  for  com- 
bustion, even  though  the  windows  and  doors  may  be  shut.  However,  tf 
the  leakage  is  not  sufficient  to  prevent  an  appreciable  drop  of  pressure  in 
the  furnace  room  below  that  of  the  air  outside,  the  chimney  draft  will  be 
reduced  by  the  difference  between  the  atmospheric  pressure  outside  and 
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that  inside  the  boiler  room.  In  case  the  boiler  room  is  fairly  tight  against 
leaks,  as  is  desirable  from  the  standpoint  of  dust,  and  is  open  to  the 
outside  on  only  one  side  of  the  house,  then  the  draft  will  be  affected  in 
windy  weather  even  with  windows  or  doors  open.  If  the  wind  is  blowing 
toward  the  boiler  room  the  draft  will  be  increased,  but  if  blowing  in  the 
opposite  direction  the  draft  may  be  seriously  decreased. 

It  is  not  to  be  assumed  that  increasing  the  cross-section  area  of  a 
chimney  will  always  effect  a  cure  for  poor  draft.  The  opposite  result  may- 
be experienced  because  of  the  cooling  effect  of  the  larger  area.  This 
reduces  the  theoretical  draft  and  the  velocity  of  the  gases,  and  affords  a 
greater  opportunity  for  counter  currents  in  the  chimney.  The  only 
practical  remedy  for  a  chimney  with  bad  draft,  when  the  chimney  is  of 
the  proper  size  and  is  affected  by  conditions  beyond  the  control  of  the 
owner,  is  to  resort  to  mechanical  draft.  This  can  usually  be  done  at 
small  expense  if  operated  only  when  necessary. 

CHIMNEYS  FOR  GAS  HEATING 

The  burning  of  gas  differs  from  the  burning  of  coal  in  that  the  force 
which  supplies  the  air  for  combustion  of  the  gas  comes  largely  from  the 
pressure  of  the  gas  in  the  supply  pipe,  whereas  air  is  supplied  to  a  bed  of 
burning  coal  by  the  force  of  the  chimney  draft.  If,  with  a  coal-burning 
boiler,  the  draft  is  poor,  or  if  the  chimney  is  stopped,  the  fire  is  smothered 
and  the  combustion  rate  reduced.  In  a  gas  boiler  or  furnace  such  a 
condition  would  interfere  with  the  combustion  of  the  gas,  but  the  gas 
would  continue  to  pass  to  the  burners  and  the  resulting  incomplete  com- 
bustion would  produce  a  dangerous  condition.  In  order  to  prevent  incom- 
plete combustion  from  insufficient  draft,  all  gas-fired  boilers  and  furnaces 
should  have  a  back-draft  diverter  in  the  flue  connection  to  the  chimney. 

A  study  of  a  typical  back-draft  diverter  shows  that  partial  or  complete 
chimney  stoppage  will  merely  cause  some  of  the  products  of  combustion 
to  be  vented  out  into  the  boiler  room,  but  will  not  interfere  with  com- 
bustion. In  fact,  gas-designed  appliances  must  perform  safely  under  such 
a  condition  to  be  approved  by  the  American  Gas  Association  Laboratory. 
Other  functions  of  the  back-draft  diverter  are  to  protect  the  burner  and 
pilot  from  the  effects  of  down-drafts,  and  to  neutralize  the  effects  of 
variable  chimney  drafts,  thus  maintaining  the  appliance  efficiency  at  a 
substantially  constant  value. 

As  is  the  case  with  the  complete  combustion  of  almost  all  fuels,  the 

TABLE  2.    MINIMUM  ROUND  CHIMNEY  DIAMETERS  FOR  GAS  APPLIANCES  (INCHES) 


HEIGHT  OP 

n—nrwniv 

UAS  UONBTJMFTION  IN  1  HOUBA.NDS  QF  UTU  KSB  JiOUB 

FEET 

100 

200 

300 

400 

500 

750 

1000 

1500 

2000 

20 

4.50 

5.70 

6.60 

7.30 

8.00 

9.40 

10.50 

12.35 

13.85 

40 

4.25 

5.50 

6.40 

7.10 

7.80 

9.15 

10.25 

12.10 

13.55 

60 

4.10 

5.35 

6.20 

6.90 

7.60 

8.90 

10.00 

11.85 

13.25 

80 

4.00 

5.20 

6.00 

6.70 

7.35 

8.65 

9.75 

11.50 

12.85 

100 

3.90 

5.00 

5.90 

6.50 

7.20 

8.40 

9.40 

11.00 

12.40 

181 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

products  of  combustion  for  gas  are  carbon  dioxide  (C02)  and  water  vapor 
with  just  a  trace  of  sulphur  trioxide  (503).  Sulphur  usually  burns  to  the 
trioxide  in  the  presence  of  an  iron  oxide  catalyst.  The  volume  of  water 
vapor  in  the  flue  products  is  about  twice  the  volume  of  the  carbon  dioxide 
when  coke  oven  or  natural  gas  is  burned.  Because  of  the  large  quantity 
of  water  vapor  which  is  formed  by  the  burning  of  gas,  it  is  quite  important 
that  all  gas-fired  central  heating  plants  be  connected  to  a  chimney  having 
a  good  draft.  Lack  of  chimney  draft  causes  stagnation  of  the  products  of 
combustion  in  the  chimney  and  results  in  the  condensation  of  a  large 
amount  of  the  water  vapor.  A  good  chimney  draft  draws  air  through  the 
openings  in  the  back-draft  diverter,  lowers  the  dew-point  of  the  mixture, 
and  reduces  the  tendency  of  the  water  vapor  to  condense. 

The  flue  connections  from  a  gas-fired  boiler  or  furnace  should  be  of  a 
non-corrosive  material.  The  material  used  for  the  flue  connection  should 
not  only  be  resistant  to  the  corrosion  of  water  but  should  resist  the  cor- 
rosion of  dilute  solutions  of  sulphur  trioxide.  Local  practice  should  be 
followed  in  the  selection  of  the  most  appropriate  flue  materials. 

When  condensation  in  a  chimney  proves  troublesome,  it  may  be 
necessary  to  provide  a  drain  to  a  dry  well  or  sewer.  The  cause  of  the 
excessive  condensation  should  be  investigated  and  remedied  if  possible. 
The  protection  of  unlined  chimneys  has  been  investigated  and  the  results 
indicate  that  after  the  loose  material  has  been  removed,  the  spraying  with 
a  water  emulsion  of  asphalt-chromate  provides  an  excellent  protection. 

A  chimney  for  a  gas-fired  boiler  or  furnace  should  be  constructed 
similarly  to  the  principles  applicable  to  other  boilers.  Table  2  gives  the 
minimum  cross-sectional  diameters  of  round  chimneys  (in  inches)  for 
various  amounts  of  heat  supplied  to  the  appliance,  and  for  various 
chimney  heights.  This  is  in  accordance  with  American  Gas  Association 
recommendations . 

CONSTRUCTION  DETAILS 

For  general  data  on  the  construction  of  chimneys  reference  should  be 
made  to  the  Standard  Ordinance  for  Chimney  Construction  of  the 
National  Board  of  Fire  Underwriters.  Briefly  summarized,  these  provisions 
are  as  follows  for  heating  boilers  and  furnaces : 

The  walls  of  brick  chimneys  shall  be  not  less  than  3%  in.  thick  (width  of  a  standard 
size  brick)  and  shall  be  lined  with  fire-clay  flue  lining  meeting  the  standard  specification 
of  the  Eastern  Clay^  Products  Association.  The  flue  sections  shall  be  set  in  special  mortar, 
and  shall  have  the  joints  struck  smooth  on  the  inside.  The  masonry  shall  be  built  around 
each  section  of  lining  as  it  is  placed,  and  all  spaces  between  masonry  and  linings  shall  be 
completely  filled  with  mortar.  No  broken  flue  lining  shall  be  used.  Flue  lining  shall 
start  at  least  4  in.  below  the  bottom  of  smoke-pipe  intakes  of  flues,  and  shall  be  continued 
the  entire  heights  of  the  flues  and  project  at  least  4  in.  above  the  chimney  top  to  allow 
for  a  2  in.  projection  of  lining. 

Flue  lining  may  be  omitted  in  brick  chimneys,  provided  the  walls  of  the  chimneys 
are  not  less  than  8  in.  thick,  and  that  the  inner  course  shall  be  a  refractory  clay  brick. 
All  brickwork  shall  be  laid  in  spread  mortar,  with  all  joints  push-filled.  Exposed  joints 
both  inside  and  outside  shall  be  struck  smooth,  No  plaster  lining  shall  be  permitted. 

Chimneys  shall  extend  at  least  3  ft  above  flat  roofs  and  2  ft  above  the  ridges  of  peak 
roofs  when  such  flat  roofs  or  peaks  are  within  30  ft  of  the  chimney.  The  chimney 
shall  be  high  enough  so  that  the  wind  from  any  direction  shall  not  strike  the  top  of  the 
chimney  from  an  angle  above  the  horizontal.  The  chimney  shall  be  properly  capped, 
but  no  such  cap  or  coping  shall  decrease  the  flue  area. 
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Chapter  9 

AUTOMATIC  FUEL  BURNING 
EQUIPMENT 

Classification  of  Stokers.,  Combustion  Process  and  Adjust- 
ments, Furnace  Design*  Classification  of  Oil  Burners,  Combus- 
tion Chamber  Design,  Classification  of  Gas-Fired  Appliances 

/t  UTOMATIC  mechanical  equipment  for  the  combustion  of  solid, 
Ji\.  liquid  and  gaseous  fuels  is  considered  in  this  chapter. 

MECHANICAL  STOKERS 

A  mechanical  stoker  is  a  device  that  feeds  a  solid  fuel  into  a  combustion 
chamber,  provides  a  supply  of  air  for  burning  the  fuel  under  automatic 
control  and,  in  some  cases,  incorporates  a  means  of  removing  the  ash  and 
refuse  of  combustion  automatically.  Coal  can  be  burned  more  efficiently 
by  a  mechanical  stoker  than  by  hand  firing  because  the  stoker  provides  a 
uniform  rate  of  fuel  feed,  better  distribution  in  the  fuel  bed  and  positive 
control  of  the  air  supplied  for  combustion. 

Stokers  may  be  divided  into  four  types  according  to  their  construction, 
namely,  (1)  overfeed  flat  grate,  (2)  overfeed  inclined  grate,  (3)  underfeed 
side  cleaning  type,  and  (4)  underfeed  rear  cleaning  type. 

Overfeed  Flat  Crate  Stokers 

This  type  is  represented  by  the  various  chain-  or  traveling-grate  stokers. 
These  stokers  receive  fuel  at  the  front  of  the  grate  in  a  layer  of  uniform 
thickness  and  move  it  back  horizontally  to  the  rear  of  the  furnace.  Air  is 
supplied  under  the  moving  grate  to  carry  on  combustion  at  a  sufficient 
rate  to  complete  the  burning  of  the  coal  near  the  rear  of  the  furnace. 
The  ash  is  carried  over  the  back  end  of  the  stoker  into  an  ashpit  beneath. 
This  type  of  stoker  is  suitable  for  small  sizes  of  anthracite  or  coke  breeze 
and  also  for  bituminous  coals,  the  characteristics  of  which  make  it 
desirable  to  burn  the  fuel  without  disturbing  it.  This  type  of  stoker 
requires  an  arch  over  the  front  of  the  stoker  to  maintain  ignition  of  the 
incoming  fuel.  Frequently,  a  rear  combustion  arch  is  required  to  main- 
tain ignition  until  the  fuel  is  fully  consumed.  A  typical  traveling-grate 
stoker  is  illustrated  in  Fig.  1. 

Another  and  distinct  type  of  overfeed  flat-grate  stoker  is  the  spreader 
(Figs.  2  and  3)  or  sprinkler  type  in  which  coal  is  distributed  either  by 
rotating  paddles  or  by  air  over  the  entire  grate  surface.  This  type  of 
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stoker  has  a  wide  application  on  small  sized  fuels  and  on  fuels  such  as 
lignites,  high-ash  coals,  and  coke  breeze. 

Overfeed  Inclined  Grate  Stokers 

In  general  the  combustion  principle  is  similar  to  the  flat-grate  stoker, 
but  this  stoker  (Fig.  4)  is  provided  with  rocking  grates  set  on  an  incline  to 
advance  the  fuel  during  combustion.  Also  this  type  is  provided  with  an 


XXXXXXXXX\XXXXXXX\XXN 


FIG.  1.    OVERFEED  TRAVELING- GRATE  STOKER 


FIG.  2.    OVERFEED  SPREADER  STOKER,  PNEUMATIC  TYPE 

ash  plate  where  ash  is  accumulated  and  from  which  it  is  dumped  periodi- 
cally. This  type  of  stoker  is  suitable  for  all  types  of  coking  fuels  but 
preferably  for  those  of  low  volatile  content.  Its  grate  action  has  the 
tendency  to  keep  the  fuel  bed  well  broken  up  thereby  allowing  for  free 
passage  of  air.  Because  of  its  agitating  effect  on  the  fuel  it  is  not  so 
desirable  for  badly  clinkering  coals.  Furthermore,  it  should  usually  be 
provided  with  a  front  arch  to  care  for  the  volatile  gases. 
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Underfeed  Side  Cleaning  Stokers 

In  this  type  (Fig.  5),  the  fuel  is  introduced  at  the  front  of  the  furnace  to 
one  or  more  retorts,  and  is  advanced  away  from  the  retort  as  combustion 
progresses,  while  finally  the  ash  is  disposed  of  at  the  sides.  This  type  of 


FIG.  3.    OVERFEED  SPREADER  STOKER,  ROTOR  TYPE 


FIG.  4.    OVERFEED  INCLINED  GRATE  STOKER 

stoker  is  suitable  for  all  bituminous  coals  while  in  the  smaller  sizes  it  is 
suitable  for  small  sizes  of  anthracite.  In  this  type  of  stoker  the  fuel  is 
delivered  to  a  retort  beneath  the  fire  and  is  raised  into  the  fire.  During 
this  process  the  volatile  gases  are  released,  are  mixed  with  air,  and  pass 
through  the  fire  where  they  are  burned.  The  ash  may  be  continuously 
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FIG.  5.    UNDERFEED  SIDE  CLEANING  STOKER 


hopper 


FIG,  6.    UNDERFEED  STOKER,  HOPPER  TYPE,  CLASS  1 


FIG.  7,    UNDERFEED  STOKER,  BIN  FEED  TYPE,  CLASS  1 


FIG.  8.    UNDERFEED  ANTHRACITE  STOKER  WITH  AUTOMATIC  ASH  REMOVAL,  BIN  TYPE 
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discharged  as  in  the  small  stoker  or  may  be  accumulated  and  periodically 
discharged.  This  stoker  requires  no  arch  as  it  automatically  provides 
for  the  combustion  of  the  volatile  gases. 

Underfeed  Rear  Cleaning  Stokers 

This  type  of  stoker  accomplishes  combustion  in  much  the  same  manner 
as  the  side  cleaning  type,  but  consists  of  several  retorts  placed  side  by  side 
and  filling^up  the  furnace  width,  while  the  ash  disposal  is  at  the  rear.  In 
principle,  its  operation  is  the  same  as  the  side  cleaning  underfeed. 

CLASSIFICATION  OF  STOKERS  ACCORDING  TO  CAPACITY 

Stokers  may  be  classified  according  to  their  capacity  or  coal  feeding 
rates.  The  following  classification  has  been  made  by  the  U.  5.  Department 
of  Commerce,  in  cooperation  with  the  Stoker  Manufacturers  Association. 

Class  1.  Capacity  under  61  Ib  of  coal  per  hour. 

Class  2.  Capacity  61  to  100  Ib  of  coal  per  hour. 

Class  3.  Capacity  101  to  300  Ib  of  coal  per  hour. 

Class  4.  Capacity  300  to  1200  Ib  of  coal  per  hour. 

Class  5.  Capacity  1200  Ib  of  coal  per  hour  and  oven 

Class  1  Stokers 

These  stokers  are  used  primarily  for  home  heating  and  are,  therefore, 
designed  for  quiet,  automatic  operation.  Simple,  trouble-free  construc- 
tion and  attractive  appearance  are  very  desirable  characteristics  on  these 
small  units.  Equipment  of  this  capacity  is  also  used  extensively  for 
commercial  and  industrial  applications  requiring  the  burning  of  small 
quantities  of  fuel  under  automatic  control. 

A  common  type  of  stoker  in  this  class  (Fig.  6)  consists  essentially  of  a 
coal  reservoir  or  hopper,  a  screw  for  conveying  the  coal  from  the  reservoir 
to  the  burner  head  or  retort,  a  fan  which  supplies  the  air  for  combustion, 
a  transmission  for  driving  the  coal  feed  worm,  and  an  electric  motor  or 
motors  for  supplying  the  motive  power  for  both  coal  feed  and  air  supply. 

Air  for  combustion  is  admitted  to  the  fuel  through  tuyeres  at  the  top 
of  the  retort  and  in  this  class,  the  tuyeres  and  retort  are  usually  round, 
although  they  may  be  either  round  or  rectangular.  Stokers  in  this  class 
are  made  for  burning  anthracite,  bituminous,  semi-bituminous,  and  lignite 
coals  and  coke.  The  U.  S.  Department  of  Commerce  has  issued  commercial 
standards  for  household  anthracite  stokers1. 

Units  are  available  in  either  the  hopper  type,  as  shown  in  Fig.  6,  or  in 
the  type  as  shown  in  Figs.  7  and  8,  which  feeds  the  coal  directly  to  the 
furnace  from  the  coal  bin.  Some  stokers,  particularly  those  designed  for 
use  with  anthracite  coal,  have  equipment  for  automatically  removing  the 
ash  from  the  ash  pit  and  depositing  it  in  an  ash  receptacle  outside  of  the 
furnace,  as  shown  in  Fig.  8.  Most  of  the  bituminous  models,  however, 
operate  on  the  principle  of  removing  the  ash  from  the  fuel  bed  after  it  is 
fused  into  a  clinker  at  the  outer  periphery  of  the  tuyere. 

Most  of  the  stokers  in  this  class  feed  coal  to  the  furnace  intermittently 

iHousehold  Anthracite  Stoker  Standards  (U.  S.  Department  of  Commerce,  National  Bureau  of  Standards. 
Commercial  Standard  No.  CS48-40). 
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in  accordance  with  temperature  or  pressure  demands.  A  small  amount 
of  heat  is  also  released  from  the  fuel  bed  during  the  inoperative  period  of 
the  stoker.  Through  the  use  of  automatic  controls  (see  Chapter  33),  it 
is  possible  to  maintain  temperatures  or  pressures  within  very  close  limits 
when  using  stoker  firing  equipment. 

Stoker-Fired  Boiler  and  Furnace  Units 

Boilers,  air  conditioners,  and  space  heaters  especially  designed  for 
stokers  are  now  available  having  certain  design  features  closely  coordi- 


Feed  screW- 

FIG.  9.    STOKER-FIRED  WINTER  AIR  CONDITIONING  UNIT 


FIG.  10.   UNDERFEED  SCREW  STOKER,  HOPPER  TYPE,  CLASS  2,  3  OR  4 

nating  the  heat  absorber  and  the  stoker.  Although  very  efficient  and 
satisfactory  performance  can  be  'obtained  from  the  application  of  auto- 
matic stokers  to  existing  boilers  and  furnaces,  some  of  the  combination 
stoker  fired  units  (Fig.  9)  are  more  compact  and  attractive  in  appearance 
in  addition  to  other  design  features. 

Class  2  and  3  Stokers 

Stokers  in  this  class  are  usually  of  the  screw  feed  type  without  auxiliary 
plungers  or  other  means  of  distributing  the  coal.  They  are  used  exten- 
sively for  heating  plants  in  apartments  and  hotels,  also,  for  industrial 
plants,  such  as  laundries,  bakeries,  and  creameries. 

They  are  primarily  of  the  underfeed  type  and  are  available  in  both  the 
hopper  type,  as  illustrated  in  Fig.  10,  and  also,  the  bin  feed  type,  which 
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delivers  the  coal  directly  to  the  furnace  from  the  coal  bin,  as  illustrated 
in  Fig.  11.  These  units  are  also  built  in  a  plunger  feed  type  and  the  drive 
for  the  coal  feed  may  be  an  electric  motor  or  a  steam  or  hydraulic  cylinder. 
^  Stokers  in  this  class  are  available  for  burning  all  types  of  anthracite, 
bituminous  and  lignite  coals.  The  tuyere  and  retort  design  varies  widely 
according  to  the  fuel  and  load  conditions.  On  the  bituminous  models,  the 
grates  are  normally  of  the  stationary  type  and  the  ash  accumulates  on  the 
grates  surrounding  the  retort.  With  the  average  bituminous  coal,  the 
ash  then  fuses  into  a  clinker  which  is  removed  periodically. 

The  anthracite  stokers  in  this  class  are  normally  equipped  with  moving 
grates  which  discharge  the  ash  into  a  pit  below  the  grate.  This  ash  pit 
may  be  located  on  one  or  both  sides  of  the  grate  and  on  some  installations 
is  made  of  sufficient  capacity  to  hold  the  ash  from  several  days  or  weeks 
operation. 


FIG.  11.    UNDERFEED  SCREW  STOKER,  BIN  TYPE,  CLASS  2,  3  OR  4 


Class  4  Stokers 

Stokers  in  this  group  vary  widely  in  details  of  mechanical  design  and 
the  several  methods  of  feeding  coal  previously  described  are  employed. 
The  underfeed  stoker  is  the  most  widely  used,  although  a  number  of  the 
overfeed  types  are  also  used  in  the  larger  sizes  of  this  class.  Bin  feed,  as 
well  as  hopper  models,  are  available  in  both  the  underfeed  and  over- 
feed types. 

Class  5  Stokers 

The  prevalent  stokers  in  this  field  are:  (a)  overfeed  flat  grate,  (6) 
overfeed  inclined  grate,  (c)  underfeed  side  cleaning,  and  (d)  underfeed 
rear  cleaning. 

The  rear  cleaning  underfeed  stoker  is  usually  of  the  multiple  retort 
design  and  is  used  in  some  of  the  largest  industrial  plants  and  central 
power  stations.  In  some  instances,  zoned  air  control  has  been  applied  on 
these  stokers,  both  longitudinally  and  transversely  of  the  grate  surface. 

Underfeed  side  cleaning  stokers  are  made  in  sizes  up  to  approximately 
500  boiler  horsepower.  They  are  not  so  varied  in  design  as  those  in  the 
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smaller  classes,  although  the  principle  of  operation  is  much  the  same. 
The  overfeed  spreader  type  stoker  (Figs.  2  and  3)  is  adaptable  to  a  wide 
variety  of  coals  and  is  being  extensively  used  in  capacities  up  to  1000 
boiler  horsepower. 

Combustion  Process 

Due  to  the  marked  differences  in  design  and  operating  characteristics 
of  stokers  and  the  widely  different  characteristics  of  stoker  coals,  it  is 
difficult  to  generalize  on  the  subject  of  combustion  in  automatic  stokers. 

In  anthracite  stokers  of  the  small  Class  1  overfeed  type,  burning  takes, 
place  entirely  within  the  stoker  retort  and  tuyere.  The  ash  and  refuse  of 
combustion  spills  over  the  edge  of  the  tuyere  into  an  ash  pit  or  receptacle 
from  which  it  may  be  removed  either  manually  or  automatically  (Fig.  8). 

The  larger  underfeed  anthracite  stokers  operate  on  the  same  principle 
except  that  the  retort  is  rectangular  and  the  refuse  spills  over  only  one 
or  two  sides  of  the  grate.  Anthracite  for  stoker  firing  is  usually  supplied 
in  the  No.  1  buckwheat  or  No.  2  buckwheat  size. 

Since  the  majority  of  the  smaller  bituminous  coal  stokers  operate  on 
the  underfeed  principle,  a  general  description  of  their  operation  will  be 
given.  When  the  coal  is  fed  from  the  hopper  or  bin  into  the  retort,  it 
moves  upward  toward  the  zone  of  combustion  and  is  heated  by  con- 
duction and  radiation  from  the  burning  fuel  in  the  combustion  zone.  As 
the  temperature  of  the  coal  rises,  it  gives  off  moisture  and  occluded  gases, 
which  are  largely  non-combustible.  When  the  temperature  increases  to 
around  700  or  800  F  the  coal  particles  become  plastic,  the  degree  of 
plasticity  varying  with  the  type  of  coal. 

A  rapid  evolution  of  the  combustible  volatile  matter  occurs  during  and 
directly  after  the  plastic  stage  of  the  coal.  The  distillation  of  volatile 
matter  continues  above  the  plastic  zone  where  the  coal  is  coked.  The 
strength  and  porosity  of  the  coke  formed  will  vary  according  to  the  size 
and  characteristics  of  the  coal  used.  While  some  of  the  ash  fuses  into 
particles  in  the  surface  of  the  coke  as  it  is  released,  most  of  it  remains 
on  the  hearth  or  grates  and  as  this  ash  layer  becomes  thicker  with  time, 
that  portion  exposed  to  the  higher  temperatures  surrounding  the  retort 
normally  fuses  into  a  clinker.  The  temperature  attained  in  the  fuel  bed, 
the  chemical  composition  and  homogeneity  of  the  ash,  and  the  time  of 
heating  are  factors  which  govern  the  degree  of  fusion. 

Most  bituminous  coal  stokers  of  Classes  1,  2  and  3  operate  on  the 
principle  of  the  removal  of  the  ash  in  this  clinker  form.  Clinker  tongs 
are  provided  to  facilitate  removal  of  the  clinker  on  the  smaller  models. 

There  are  a  number  of  factors  which  materially  affect  the  burning 
rate  and  the  combustion  results  obtained  with  automatic  stokers,  the 
most  important  of  these  being  the  type  and  design  of  stoker,  the  character- 
istics of  the  fuel,  and  the  manner  in  which  the  stoker  is  installed  and 
operated. 

Furnace  Design 

Due  to  the  wide  differences  in  stoker,  boiler  and  furnace  design,  and 
fuel  burning  characteristics,  it  has  not  been  found  practical  to  establish 
fixed  rules  for  the  proportioning  of  furnaces  for  automatic  coal  stokers. 
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It  is,  therefore,  essential  that  an  experienced  stoker  installer  give  careful 
consideration  to  these  factors  when  applying  the  equipment. 

The  Stoker  Manufacturers  Association  has  published  standard  recom- 
mendations on  setting  heights  for  stokers  having  capacities  up  to  1200  Ib 
of  coal  per  hour.  Due  to  the  variable  conditions  encountered,  these  data 
could  not  be  prepared  to  apply  to  all  equipment  or  fuels,  but  are  intended 
merely  as  a  guide  for  average  minimum  setting  heights. 

Combustion  Adjustments 

The  coal  feeding  rate  and  air  supply  to  the  stoker  should  be  regulated 
so  as  to  maintain  as  nearly  as  possible  an  ideal  balance  between  the  load 
demand  and  the  heat  liberated  by  the  fuel.  Under  such  conditions  no 
manual  attention  to  the  fuel  bed  should  be  required,  other  than  the 
removal  of  clinker  in  stokers  which  operate  on  this  principle  of  ash 
removal. 

As  in  all  combustion  processes,  the  problem  of  maintaining  the  correct 
proportions  of  air  and  fuel  is  of  utmost  importance.  It  is  desirable  to 
supply  a  minimum  amount  of  air  required  to  properly  burn  the  fuel  at 
the  rate  it  is  being  fed  to  the  furnace. 

While  there  may  be  only  slight  variations  in  the  specified  rate  at  which 
the  coal  is  being  fed  to  the  furnace,  due  to  variations  in  the  size  or  density 
of  the  coal  being  used,  there  may  be  wide  variations  in  the  rate  of  air 
supplied  as  the  result  of  changes  in  fuel  bed  resistance.  These  changes  in 
resistance  may  be  caused  by  changes  in  the  porosity  of  the  fuel  bed  due 
to  variations  in  size  or  friability  of  the  coal,  ash  and  clinker  accumulation, 
and  variations  in  depth  of  the  fuel  bed.  Because  of  this  variable  fuel  bed 
resistance,  many  of  the  bituminous  stokers,  even  in  the  smaller  domestic 
sizes,  incorporate  air  controls  which  automatically  compensate  for  these 
changes  in  resistance  and  maintain  a  constant  air  fuel  ratio. 

It  is  also  desirable  on  most  stoker  installations  to  provide  automatic 
draft  regulation  in  order  to  reduce  air  infiltration  and  provide  better 
control  during  the  banking  or  off  periods  of  the  stoker.  The  efficiency  of 
combustion  may  be  determined  by  analyzing  with  an  Orsat  apparatus  the 
gases  formed  by  the  combustion  process.  With  this  equipment  the  per- 
centage by  volume  of  carbon  dioxide  (COz),  oxygen  (02),  and  carbon 
monoxide  (CO)  in  the  flue  gases  may  be  obtained.  The  percentage  of 
C02  indicates  the  amount  of  excess  air  supplied.  The  presence  of  CO 
indicates  a  loss  due  to  incomplete  combustion,  as  the  result  of  a  deficiency 
of  air  or  the  improper  mixing  of  air  in  the  gases  of  combustion. 

Sizing  Stokers  and  Stoker  Ratings 

The  Stoker  Manufacturers  Association  has  adopted  a  uniform  method 
of  rating  stokers  which  includes  convenient  tables  and  charts  for  selecting 
the  size  of  stoker  required2. 

Controls 

The  heat  delivery  from  the  stoker  of  the  smallest  household  type  to  the 
largest  industrial  unit  can  be  accurately  regulated  with  fully  automatic 

^Uniform  Stoker  Rating  Code.  Copies  of  this  standard  may  be  obtained  from  the  Stoker  Manufacturers 
Association,  307  North  Michigan  Ave.,  Chicago,  111. 
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controls.  The  smaller  heating  applications  are  normally  controlled  by  a 
thermostat  placed  in  the  building  to  be  heated.  Limit  controls  are 
supplied  to  prevent  excessive  temperature  or  pressure  being  developed  in 
the  furnace  or  boiler  and  refueling  controls  are  used  to  maintain  ignition 
during  periods  of  low  heat  demand.  Automatic  low  water  cut-outs  are 
recommended  for  use  with  all  automatically  fired  steam  boilers.  See 
Chapter  33. 

DOMESTIC  OIL  BURNERS 

An  oil  burner  is  a  mechanical  device  for  producing  heat  automatically 
and  safely  from  liquid  fuels.  This  heat  is  produced  in  the  furnace  or  fire- 
pot  of  hot  water  or  steam  boilers  or  warm  air  furnaces  and  is  absorbed  by 
the  boiler,  and  thus  made  available  for  distribution  to  the  house  through 
the  heating  system. 

The  number  of  combinations  of  the  characteristic  elements  of  domestic 
oil  burners  is  rather  large  and  accounts  for  the  variety  of  burners  found  in 
actual  practice.  Domestic  oil  burners  may  be  classified  as  follows: 

1.  AIR  SUPPLY  FOR  COMBUSTION 

a.  Atmospheric — by  natural  chimney  draft. 

b.  Mechanical — electric-motor-driven  fan  or  blower. 

c.  Combination  of  (a)  and  (&) — primary  air  supply  by  fan  or  blower  and  secondary 

air  supply  by  natural  chimney  draft. 

2.  METHOD  OF  OIL  PREPARATION 

a.  Vaporizing — oil  distills  on  hot  surface  or  in  hot  cracking  chamber. 
&.  Atomizing — oil  broken  up  into  minute  globules. 

(1)  Centrifugal — by  means  of  rotating  cup  or  disc. 

(2)  Pressure — by  means  of  forcing  oil  under  pressure  through  a  small 

nozzle  or  orifice. 

(3)  Air  or  steam — by  high  velocity  air  or  steam  jet  in  a  special  type  of 

nozzle. 

(4)  Combination  air  and  pressure — by  air  entrained  with  oil  under  pressure 

and  forced  through  a  nozzle. 

c.  Combination  of  (a)  and  (b). 

3.  TYPE  OF  FLAME 

a.  Luminous — a  relatively  bright  flame.    An  orange-colored  flame  is  usually  best 

if  no  smoke  is  present. 

b.  Non-luminous — Bunsen-type  flame  (i.e.,  blue  flame). 

^METHODS  OF  IGNITION 

a.  Electric. 

(1)  Spark — by    transformer    producing    high -voltage    sparks.      Usually 

shielded  to  avoid  radio  interference.  May  take  place  continuously 
while  the  burner  is  operating  _  (continuous  ignition)  or  just  at  the 
beginning  of  operation  (intermittent  ignition). 

(2)  Resistance — by  means  of  hot  wires  or  plates. 

b.  Gas. 

(1)  Continuous — pilot  light  of  constant  size. 

(2)  Expanding — size  of  pilot  light  expanded  temporarily  at  the  beginning 

of  burner  operation. 

c.  Combination — electric  sparks  light  the  gas  and  the  gas  flame  ignites  the  oil. 

d.  Manual — by  manually-operated  gas  torch  for  continuously  operating  burners. 
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5.  MANNER  OF  OPERATION 

a.  On  and  of — burner  operates  at  fixed  firing  rate  for  period  determined  by  load 

demand. 

b.  High  and  low — burner  operates  continuously  but  varies  from  a  high  to  a  low 

flame. 

c.  Graduated — burner  operates  continuously  but  flame  is  graduated  according  to 

needs  by  regulating  both  air  and  oil  supply. 

A  trade  classification  of  domestic  oil  burners  consists  of  the  following 
general  types:  (a)  gun  or  pressure  atomizing,  (b)  rotary  and  (c}  pot  or 
vaporizing.  These  are  further  classified  as  mechanical  draft  and  natural 
draft  based  on  method  used  to  supply  the  air  for  combustion. 

The  gun  type,  illustrated  in  Fig.  12,  is  characterized  by  an  air  tube, 
usually  horizontal,  with  oil  supply  pipe  centrally  located  in  the  tube  and 
arranged  so  that  a  spray  of  atomized  oil  is  introduced  and  mixed  in  the 
combustion  chamber  with  the  air  stream  emerging  from  the  air  tube.  A 
variety  of  patented  shapes  are  employed  at  the  end  of  the  air  tube  to 


FIG.  12.    GUN  TYPE  PRESSURE  ATOMIZING  OIL  BURNER 

influence  the  direction  and  speed  of  the  air  and  thus  the  effectiveness  of 
the  mixing  process. 

The  most  distinguishing  feature  of  vertical  rotary  burners  is  the 
principle  of  flame  application.  These  burners  are  of  two  general  types: 
the  center  flame  and  wall  flame.  In  the  former  type  (Fig.  13),  the  oil  is 
atomized  by  being  thrown  from  the  rim  of  a  revolving  disc  or  cup  and  the 
flame  burns  in  suspension  with  a  characteristic  yellow  color.  Combustion 
is  supported  by  means  of  a  bowl-shaped  chamber  or  hearth.  The  wall 
flame  burner  (Fig.  14)  differs  in  that  combustion  takes  place  in  a  ring  of 
refractory  material,  which  is  placed  around  the  hearth.  These  types  of 
burners  are  further  characterized  by  their  installation  within  the  ash  pit  of 
the  boiler  or  furnace. 

The  pot  type  burner  (Fig.  15)  can  be  identified  by  the  presence  of  a 
metal  structure,  called  a  pot  or  retort,  in  which  combustion  takes  place. 

When  gun  type  (pressure  atomizing)  or  horizontal  rotary  burners  are 
used  the  combustion  chamber  is  usually  constructed  of  firebrick  or  other 
suitable  refractory  material,  such  as  stainless  steel,  and  is  part  of  the 
installation  procedure. 
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Most  oil  burners  are  operated  by  a  small  electric  motor  which  pumps 
the  oil  and  some  or  all  of  the  air  required.  The  smallest  sizes  can  generally 
burn  not  much  less  than  from  0.50  to  0.75  gal  of  oil  per  hour.  The  grade 
of  oil  burned  ranges  from  No.  1  to  No.  3.  No.  3  oil  is  the  heaviest  and 
most  viscous  of  the  various  grades  mentioned.  An  oil  burner  satisfactory 
for  No.  3  oil  can  burn  any  of  the  lighter  grades  easily  but  an  oil  burner 
recommended  for  No.  2  oil  should  never  be  supplied  with  the  heavier 
grades.  While  the  heavier  grades  of  oil  have  a  smaller  heat  value  per 
pound,  they  have,  due  to  greater  density,  a  larger  heat  value  per  gallon. 


FIG.  13,    CENTER  FLAME  VERTICAL 
ROTARY  BURNER 


FIG.  14,    WALL  FLAME  VERTICAL 
ROTARY  BURNER 


FIG.  15.    POT  TYPE  VAPORIZING  BURNER 


The  relative  economy  of  the  various  grades  must  be  based  upon  price  and 
the  amount  of  excess  air  required  for  clean  and  efficient  combustion. 

Operating  Requirements  for  Mechanical  Draff  Oil  Burners 

The  U.  S.  Department  of  Commerce  in  conjunction  with  the  oil  burner 
industry  has  established  commercial  standards  for  automatic  mechanical 
draft  oil  burners  for  domestic  installations  which  cover  installation 
requirements  and  performance  tests3. 


'Automatic  Mechanical  Draft  Oil  Burners  Designed  for  Domestic  Installations  (U.  S.  Department  o/ 
Commerce,  National  Bureau  of  Standards,  Commercial  Standard  No.  CS75-39). 
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Oil-Fired  Boiler  and  Furnace  Units 

Boilers  and  furnaces  especially  designed  for  oil  burners  are  available. 
This  type  of  equipment  usually  has  more  heating  surface  than  the  older 
coal-burning  designs.  Flue  proportions  and  gas  travel  have  been  changed 
with  beneficial  results. 

COMMERCIAL  OIL  BURNERS 

Liquid  fuels  are  used  for  heating  apartment  buildings,  hotels,  public 
and  office  buildings,  schools,  churches,  hospitals,  department  stores,  as 
well  as  industrial  plants  of  all  kinds.  Contrary  to  domestic  heating,  con- 
venience seldom  is  a  dominating  factor,  the  actual  net  cost  of  heat  pro- 
duction usually  controlling  the  selection  of  fuel.  Some  of  the  largest  office 
buildings  have  been  using  oil  for  many  years.  Many  department  stores 
have  found  that  floor  space  in  basements  and  sub-basements  can  be  used 


FIG.  16.    HORIZONTAL  ROTATING-CUP  OIL  BURNER 

to  better  advantage  for  merchandising  wares,  and  credit  the  heat  pro- 
ducing department  with  this  saving. 

Wherever  possible,  the  boiler  plant  should  be  so  arranged  that  either 
oil  or  solid  fuel  can  be  used  at  will,  permitting  the  management  to  take 
advantage  of  changes  in  fuel  costs  if  any  occur.  Each  case  should  be 
considered  solely  in  the  light  of  local  conditions  and  prices. 

Burners  for  commercial  heating  may  be  either  large  models  of  types 
used  in  domestic  heating,  or  special  types  developed  to  meet  the  condi- 
tions imposed  by  the  boilers  involved.  Generally  speaking,  such  burners 
are  of  the  mechanical  or  pressure  atomizing  types,  the  former  using 
rotating  cups  which  throw  the  oil  from  the  edge  of  the  cup  at  high  velocity 
into  the  surrounding  stream  of  air  delivered  by  the  blower  (Fig.  16). 
As  much  as  350  gal  of  oil  per  hour  can  be  burned  in  these  units,  and 
frequently  they  are  arranged  in  multiple  on  the  boiler  face,  from  two  to 
five  burners  to  each  boiler. 

The  larger  installations  are  nearly  always  started  with  a  hand  torch, 
and  are  manually  controlled,  but  the  use  of  automatic  control  is  increasing, 
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and  completely  automatic  burners  are  now  available  to  burn  the  two 
heaviest  grades  of  oil.  Nearly  all  of  the  smaller  installations,  in  schools, 
churches,  apartment  houses  and  the  like,  are  fully  automatic, 

Because  of  the  viscosity  of  the  heavier  oils,  it  is  customary  to  heat  them 
before  transferring  by  truck  tank.  It  also  has  been  common  practice  to 
preheat  the  oil  between  the  storage  tank  and  the  burner,  as  an  aid  to 
movement  of  the  oil  as  well  as  to  atomization.  This  heating  is  accomplished 
by  heat-transfer  coils,  using  water  or  steam  from  the  heating  boiler. 

Unlike  the  domestic  burner,  units  for  large  commercial  applications 
frequently  consist  of  atomizing  nozzles  or  cups  mounted  on  the  boiler 
front  with  the  necessary  air  regulators,  the  pumps  for  handling  the  oil 
and  the  blowers  for  air  supply  being  mounted  in  sets  adjacent  to  the 
boilers.  In  such  cases,  one  pump  set  can  serve  several  burner  units,  and 
common  prudence  dictates  the  installation  of  spare  or  reserve  pump  sets. 
Pre-heaters  and  other  essential  auxiliary  equipment  also  should  be  in- 
stalled in  duplicate. 

Boiler  Settings 

As  the  volume  of  space  available  for  combustion  is  the  determining 
factor  in  oil  consumption,  it  is  general  practice  to  remove  grates  and 
extend  the  combustion  chamber  downward  to  include  or  even  exceed  the 
ash  pit  volume;  in  new  installations  the  boiler  should  be  raised  to  make 
added  volume  available,  Approximately  1  cu  ft  of  combustion  volume 
should  be  provided  for  every  developed  boiler  horsepower,  and  in  this 
volume  from  1.5  to  2.5  Ib  of  oil  per  hour  can  properly  be  burned.  This 
corresponds -to  an  average  liberation  of  about  38,000  Btu  per  cubic  foot 
per  hour.  There  are  indications  that  at  times  much  higher  fuel  rates 
may  be  satisfactory.  For  best  results,  care  should  be  taken  to  keep  the 
gas  velocity  below  40  ft  per  second.  Where  checkerwork  of  brick  is  used 
to  provide  secondary  air,  good  practice  calls  for  about  1  sq  in.  of  opening 
for  each  pound  of  oil  fired  per  hour.  Such  checkerwork  is  best  adapted 
to  flat  flames,  or  to  conical  flames  that  can  be  spread  over  the  floor  of  the 
combustion  chamber.  The  proper  bricking  of  a  large  or  even  medium 
sized  boiler  for  oil  firing  is  important  and  frequently  it  is  advisable  to 
consult  an  authority  on  this  subject.  The  essential  in  combustion 
chamber  design  is  to  provide  against  flame  impingement  upon  either 
metallic  or  fire  brick  surfaces.  Manufacturers  of  oil  burners  usually  have 
available  detailed  plans  for  adapting  their  burners  to  various  types  of 
boilers,  and  such  information  should  be  utilized. 

Combustion  Process 

Efficient  combustion  must  produce  a  clean  flame  and  must  use  relatively 
small  excess  of  air,  i.e.,  between  25  and  50  per  cent.  This  can  be  done 
only  by  vaporizing  the  oil  quickly  and  completely,  and  mixing  it  vigorously 
with  air  in  a  combustion  chamber  hot  enough  to  support  the  combustion. 
A  vaporizing  burner  prepares  the  oil,  for  combustion,  by  transforming  the 
liquid  fuel  to  the  gaseous  state  through  the  application  of  heat.  This  is 
accomplished  before  the  oil  vapor  mixes  with  air  to  any  extent  and  if  the 
air  and  oil  vapor  temperatures  are  high  and  the  fire  pot  hot,  a  clear  blue 
flame  is  produced.  There  may  be  a  deficiency  of  air  or  an  excessive  supply 
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of  air,  depending  upon  burner  adjustment,  without  altering  the  clean, 
blue  appearance  of  the  flame. 

An  atomizing  burner  i.e.,  gun  and  rotary  types  is  so  named  because  the 
oil  is  mechanically  separated  into  very  fine  particles  so  that  the  surface 
exposure  of  the  liquid  to  the  radiant  heat  of  the  combustion  chamber  is 
vastly  increased  and  vaporization  proceeds  quickly.  The  result  of  such 
practice  is  the  ability  to  burn  more  and  heavier  oil  within  a  given  com- 
bustion space  or  furnace  volume.  Since  the  air  enters  the  fire  pot  with  the 
liquid  fuel  particles,  it  follows  that  mixing,  vaporization  and  burning  are 
all  occurring  at  once  in  the  same  space.  This  produces  a  luminous 
instead  of  a  blue  or  non-luminous  flame.  In  this  case  a  deficient  amount 
of  air  is  indicated  by  a  dull  red  or  dark  orange  flame  with  smoky  flame  tips. 

An  excessive  supply  of  air  may  produce  a  brilliant  white  flame  in  some 
cases  or,  in  others,  a  short  ragged  flame  with  incandescent  sparks  flashing 
through  the  combustion  space.  While  extreme  cases  may  be  easily 
detected,  it  is  generally  not  possible  to  distinguish,  by  the  eye  alone,  the 
finer  adjustment  which  competent  installation  requires. 

Tests  indicate  that  there  is  no  difference  in  economy  between  a  blue 
flame  and  a  luminous  flame  if  the  position,  shape  and  the  per  cent  of 
excess  air  of  both  flames  are  proper  for  each  type. 

Furnace  or  Combustion  Chamber  Design 

With  burners  requiring  a  refractory  combustion  chamber  the  size  and 
shape  should  be  in  accordance  with  the  manufacturer's  instructions.  It 
is  important  that  the  chamber  shall  be  as  nearly  air  tight  as  is  possible, 
except  when  the  particular  burner  requires  a  secondary  supply  of  air 
for  combustion. 

It  is  evident  that  the  atomizing  burner  is  dependent  upon  the  surround- 
ing heated  refractory  or  fire  brick  surfaces  to  vaporize  the  oil  and  support 
combustion.  Unsatisfactory  combustion  may  be  due  to  inadequate 
atomization  and  mixing.  A  combustion  chamber  can  only  compensate 
for  these  things  to  a  limited  extent.  If  liquid  fuel  continually  reaches 
some  part  of  the  fire  brick  surface,  a  carbon  deposit  will  result.  The  com- 
bustion chamber  should  enclose  a  space  having  a  shape  similar  to  the 
flame  but  large  enough  to  avoid  flame  contact.  The  nearest  approach  in 
practice  is  to  have  the  bottom  of  the  combustion  chamber  flat  but  far 
enough  below  the  nozzle  to  avoid  flame  contact,  the  sides  tapering  from 
the  air  tube  at  the  same  angle  as  the  nozzle  spray  and  the  back  wall 
rounded.  A  plan  view  of  the  combustion  chamber  thus  resembles  in 
shape  the  outline  of  the  flame.  In  this  way  as  much  fire  brick  as  possible 
is  close  to  the  flame  so  it  may  be  kept  quite  hot.  This  insures  quick 
vaporization,  rapid  combustion  and  better  mixing  by  eliminating  dead 
or  inactive  spaces  in  the  combustion  chamber.  An  overhanging  arch  at 
the  back  of  the  fire  pot  is  sometimes  used  to  increase  the  flame  travel  and 
give  more  time  for  mixing  and  burning  and  sometimes  to  prevent  the 
gases  from  going  too  directly  into  the  boiler  flues.  When  good  atomiza- 
tion and  vigorous  mixing  are  achieved  by  the  burner,  combustion  chamber 
design  becomes  a  less  critical  matter.  Where  secondary  air  is  used,  com- 
bustion chamber  design  is  quite  important.  With  some  of  the  vertical 
rotary  burners  considerable  care  must  be  exercised  in  definitely  following 
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the  manufacturer's  instructions  when  installing  the  hearth  as  in  this  class 
successful  performance  depends  upon  this  factor. 

Combustion  Adjustments 

Where  adjustments  of  oil  and  air  have  been  made  which  give  efficient 
combustion,  the  problem  of  maintaining  the  adjustments  constant  be- 
comes an  important  one.  Particularly  is  this  true  when  the  change 
causes  the  per  cent  of  excess  air  to  decrease  below  allowable  limits  of  the 
burner.  A  decrease  in  air  supply  while  the  oil  delivery  remains  constant 
or  an  increase  in  oil  delivery  while  the  air  supply  remains  constant  will 
make  the  mixture  of  oil  and  air  too  rich  for  clean  combustion.  The  more 
efficient  the  adjustment  (i.e.,  25  per  cent  excess  air)  the  more  critical  it 
will  be  of  variations.  The  oil  and  air  supply  rates  must  remain  constant. 

The  following  factors  may  influence  the  oil  delivery  rate :  (a)  changes 
in  oil  viscosity  due  to  temperature  change  or  variations  in  grade  of  oil 
delivered,  (6)  erosion  of  atomizing  nozzle,  (c)  fluctuations  in  by-pass  relief 
pressures  and  (d)  possible  variations  in  methods  2b  (3)  and  2b  (4)  listed  in 
the  previous  classification  table.  Note  that  any  change  due  to  partial 
•stoppage  of  oil  delivery  will  increase  the  proportion  of  excess  air.  This 
will  result  in  less  heat,  reduced  economy  and  possibly  a  complete  inter- 
ruption of  service  but  usually  no  soot  will  form. 

The  following  factors  may  influence  the  air  supply:  (a)  changes  in 
•combustion  draft  due  to  a  variety  of  causes  (i.e.,  changes  in  chimney 
draft  because  of  weather  changes,  seasonal  changes,  back  drafts,  failure 
-or  inadequacy  of  automatic  draft  regulator,  use  of  chimney  for  other 
purposes,  possible  stoppage  of  the  chimney  and  changes  in  draft  resis- 
tance of  boiler  due  to  partial  stoppage  of  the  flues) ,  and  (6)  changes  in  air 
inlet  adjustments  to  the  fan. 

It  is  recognized  that  a  secondary  source  of  air  due  to  leakage  in  the 
boiler  setting  is  present  in  many  installations  and  it  is  highly  desirable  that 
this  leakage  be  reduced  to  a  minimum.  Obviously  the  amount  of  air 
leakage  will  be  determined  by  the  draft  in  the  combustion  chamber. 
It  is  important  that  this  draft  should  be  reduced  as  low  as  is  consistent 
with  the  proper  disposal  of  the  gases  of  combustion.  When  using  mechani- 
cal draft  burners  with  average  conditions,  the  combustion  chamber  draft 
should  not  be  allowed  to  exceed  0.02-0.05  in.  water.  An  automatic  draft 
regulator  is  very  helpful  in  maintaining  such  values. 

Even  though  a  fan  is  generally  used  to  supply  the  air  for  combustion, 
in  most  oil  burners  the  importance  of  a  proper  chimney  should  not  be 
•overlooked.  The  chimney  should  have  sufficient  height  and  size  to  insure 
that  the  draft  will  be  uniform  within  the  limits  given  above  if  maximum 
•efficiency  throughout  the  whole  heating  season  is  to  be  maintained. 

Measurement  of  the  Efficiency  of  Combustion 

Efficient  combustion  being  based  upon  a  clean  flame  and  certain 
proportions  of  oil  and  air  employed,  it  is  possible  to  determine  the  results 
by  analyzing  the  gases  formed  by  the  combustion  process.  Except  in  the 
case  of  a  non-luminous  flame  it  is  usually  sufficient  to  analyze  only  for 
-carbon  dioxide  (C0%).  A  showing  of  10  to  12  per  cent  indicates  the  best 
adjustment  if  the  flame  is  clean.  Most  of  the  good  installations  at  the 
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present  time  show  from  8  to  10  per  cent  €0%.  Taking  into  account  the 
potential  hazard  of  oil  or  air  fluctuations  with  low  excess  air  (high  COZ) 
a  setting  to  give  10  per  cent  00%  constitutes  a  reasonable  standard  for 
most  oil  burners. 

Controls 

^Controls  for  oil  burner  operation,  including  devices  for  the  safety  and 
protection  of  a  boiler  or  furnace,  are  fully  described  in  Chapter  33. 

GAS-FIRED  APPLIANCES 

The  increased  use  of  gas  for  house  heating  purposes  has  resulted  in  the 
production  of  such  a  large  number  of  different  types  of  gas  heating 
systems  and  appliances  that  today  there  is  probably  a  greater  variety  of 
them  than  there  is  for  any  other  kind  of  fuel. 

Gas-fired  heating  systems  may  be  classified  as  follows : 

I.   Gas-Designed  Heating  Systems. 

A.  Central  Heating  Plants. 

1.  Steam,  hot  water,  and  vapor  boilers. 

2.  Warm  air  furnaces. 

B.  Unit  Heating  Systems. 

1.  Warm  air  floor  furnaces. 

2.  Industrial  unit  heaters. 

3.  Space  heaters. 

4.  Garage  heaters. 

II.   Conversion  Heating  Systems. 
A.   Central  Heating  Plants. 

1.  Steam,  hot  water  and  vapor  boilers. 

2.  Warm  air  basement  furnaces. 

These  systems  are  supplied  with  either  automatic  or  manual  control. 
Central  heating  plants,  for  example,  whether  gas  designed  or  conversion 
systems,  may  be  equipped  with  room  temperature  control,  push-button 
control,  or  manual  control. 

Gas-Fired  Boilers  and  Furnaces 

Specially  designed  boilers  are  available  for  gas-firing  such  as  shown  in 
Fig.  17.  Additional  information  on  gas-fired  boilers  will  be  found  in 
Chapter  11.  Either  snap  action  or  throttling  control  is  available  for  gas- 
boiler  operation.  Throttling  control  is  especially  advantageous  in  steam 
systems  because  steam  pressures  can  be  maintained  at  desired  points, 
while  at  the  same  time  complete  cut-off  of  gas  is  possible  when  the 
thermostat  calls  for  it. 

Warm  air  furnaces  are  variously  constructed  of  cast-iron,  sheet  metal 
and  combinations  of  the  two  materials.  If  sheet  metal  is  used,  it  must 
be  of  such  a  character  that  it  will  have  the  maximum  resistance  to  the 
corrosive  effect  of  the  products  of  combustion.  With  some  varieties  of 
manufactured  gases,  this  effect  is  quite  pronounced.  Warm  air  furnaces 
are  obtainable  in  sizes  from  those  sufficient  to  heat  the  largest  residence 
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down  to  sizes  applicable  to  a  single  room.  The  practice  of  installing  a 
number  of  separate  furnaces  to  heat  individual  rooms  is  peculiar  to  mild 
climates.  Small  furnaces,  frequently  controlled  by  electrical  valves 
actuated  by  push-buttons  in  the  room  above,  are  often  installed  to  heat 
rooms  where  heat  may  be  desired  for  an  hour  or  so  each  day.  These 
furnaces  are  used  also  for  heating  groups  of  rooms  in  larger  residences. 
In  a  system  of  this  type  each  furnace  should  supply  a  group  of  rooms  in 
which  the  heating  requirements  for  each  room  in  the  group  are  similar. 

The  same  fundamental  principle  of  design  that  is  followed  in  the  con- 
struction of  boilers,  that  is,  breaking  the  hot  gas  into  fine  streams  so  that 
all  particles  are  brought  as  close  as  possible  to  the  heating  surface,  is 
equally  applicable  to  the  design  of  warm  air  furnaces. 

Codes  for  proportioning  warm  air  heating  plants,  such  as  that  formu- 
lated by  the  National  Warm  Air  Heating  and  Air  Conditioning  Association 


ELEVATION  SECTIONAL  VIEW      • 

FIG.  17.    COMBINATION  GAS-FIRED  BOILER 

are  equally  applicable  to  gas  furnaces  and  coal  furnaces.  Recirculation 
should  always  be  practiced  with  gas-fired  warm  air  furnaces.  It  not  only 
aids  in  heating,  but  is  essential  to  economy.  Where  fans  are  used  in  con- 
nection with  warm  air  furnaces  for  residence  heating,  it  is  well  to  have  the 
control  of  the  fan  and  of  the  gas  so  coordinated  that  there  will  be  sufficient 
delay  between  the  turning  on  of  the  gas  and  the  starting  of  the  fan  to 
prevent  blasts  of  cold  air  being  blown  into  the  heated  rooms.  An  additional 
thermostat  in  the  air  duct  easily  may  be  arranged  to  accomplish  this. 
Warm  air  floor  furnaces  are  well  adapted  for  heating  first  floors,  or 
where  heat  is  required  in  only  one  or  two  rooms.  A  number  may  be  used 
to  provide  heat  for  the  entire  building  where  all  rooms  are  on  the  ground 
floor,  thus  giving  the  heating  system  flexibility  as  any  number  of  rooms 
may  be  heated  without  heating  the  others.  With  the  usual  type  the 
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register  is  installed  in  the  floor,  the  heating  element  and  gas  piping  being 
suspended  below. 

Space  Heaters 

Space  heaters  are  generally  used  for  auxiliary  heating,  but  may  be,  and 
are  in  many  cases,  installed  for  furnishing  heat  to  entire  buildings.  With 
the  exception  of  wall  heaters,1  they  are  portable,  and  can  be  easily  removed 
and  stored  during  the  summer  season.  Although  it  is  generally  desirable 
to  connect  space  heaters  with  solid  piping,  use  of  flexible  gas  tubing,  semi- 
rigid tubing,  or  flexible  metal  hose  is  frequently  resorted  to,  particularly 
in  the  connection  of  portable  types.  Where  flexible  gas  tubing  is  used, 
a  gas  shut-off  on  the  heater  is  not  permitted  and  only  American  Gas 
Association  certified  tubing  should  be  used. 

Parlor  furnaces  or  circulators  are  usually  of  the  cabinet  type.  They  heat 
the  room  entirely  by  convection,  i.e.,  the  cold  air  of  the  room  is  drawn  in 
near  the  base  and  passes  up  inside  the  jacket  around  a  drum  or  heating 
section,  and  out  of  the  heater  at  or  near  the  top.  These  heaters  cause  a 
continuous  circulation  of  the  air  in  the  room  during  the  time  they  are 
in  operation.  The  burner  or  burners  are  located  in  the  base  at  the  bottom 
of  an  enclosed  combustion  chamber.  The  products  of  combustion  pass 
around  baffles  within  the  heating  element  or  drum,  and  out  the  flue  at 
the  back  near  the  top.  They  are  well  adapted  not  only  for  residence 
room  heating  but  also  for  stores  and  offices. 

Radiant  heaters  give  off  considerable  portion  of  their  heat  in  the  form 
of  radiant  energy  emitted  by  an  incandescent  refractory  that  is  heated  by 
a  Bunsen  flame.  They  are  made  in  numerous  shapes  and  designs  and  in 
sizes  ranging  from  two  to  fourteen  or  more  radiants.  Some  have  sheet- 
iron  bodies  finished  in  enamel  or  brass  while  others  have  cast-iron  or  brass 
frames  with  heavy  fire-clay  bodies.  An  atmospheric  burner  is  supported 
near  the  center  of  the  base,  usually  by  set  screws  at  each  end.  Others 
have  a  group  of  small  atmospheric  burners  supported  on  a  manifold 
attached  to  the  base.  Most  radiant  heaters  are  supported  on  legs  and  are 
portable;  however,  there  are  also  types  which  are  encased  in  a  jacket 
which  fits  into  the  wall  with  a  grilled  front,  similar  to  a  wall  register. 

Gas-fired  steam  and  hot  water  radiators  are  popular  types  of  room  heating 
appliances.  They  provide  a  form  of  heating  apparatus  for  intermittently 
heated  spaces  such  as  stores,  small  churches  and  some  types  of  offices  and 
apartments.  They  are  made  in  a  large  variety  of  shapes  and  sizes  and  are 
similar  in  appearance  to  the  ordinary  steam  or  hot  water  radiator.  A 
separate  combustion  chamber  is  provided  in  the  base  of  each  radiator  and 
is  usually  fitted  with  a  one-piece  burner.  They  may  be  secured  in  either 
the  vented  or  unvented  types,  and  with  steam  pressure,  thermostatic  or 
room  temperature  controls. 

Warm  air  radiators  are  similar  in  appearance  to  steam  or  hot  water 
radiators.  They  are  usually  constructed  of  pressed  steel  or  sheet  metal 
hollow  sections.  The  hot  products  of  combustion  circulate  through  the 
sections  and  are  discharged  from  a  flue  or  into  the  room,  depending  upon 
whether  the  radiator  is  of  the  vented  or  unvented  type. 

Garage  heaters  are  usually  similar  in  construction  to  the  cabinet 
circulator  space  heaters,  except  that  safety  screens  are  provided  over  all 
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openings  into  the  combustion  chamber  to  prevent  any  possibility  of 
explosion  from  gasoline  fumes  or  other  gases  which  might  be  ignited  by 
an  open  flame.  They  are  usually  provided  with  automatic  room  tem- 
perature controls  and  are  well  suited  for  heating  either  residence  or 
commercial  garages. 

Conversion  Burners 

Residence  heating  with  gas  through  the  use  of  conversion  burners  in- 
stalled in  coal-designed  boilers  and  furnaces  represents  a  common  type 
of  gas-fired  house  heating  system.  In  many  conversion  burners  radiants 
or  refractories  are  employed  to  convert  some  of  the  energy  in  the  gas  to 
radiant  heat.  Others  are  of  the  blast  type,  operating  without  refractories. 

Many  conversion  units  are  equipped  with  a  sheet  metal  secondary  air 
duct  which  is  inserted  through  the  ashpit  door.  The  duct  is  equipped 
with  automatic  air  controls  which  open  when  the  burners  are  operating 
and  close  when  the  gas  supply  is  turned  off.  This  prevents  a  large  part 
of  the  circulation  of  cold  air  through  the  combustion  space  of  the  ap- 
pliance when  not  in  operation.  With  this  duct  the  air  necessary  for  proper 
combustion  is  supplied  directly  to  the  burner,  thereby  making  it  possible 
to  reduce  the  excess  air  passing  through  the  combustion  chamber. 

Conversion  units  are  made  in  many  sizes  both  round  and  rectangular 
to  fit  different  types  and  makes  of  boilers  and  furnaces.  They  may  be 
secured  with  manual,  push-button,  or  room  temperature  control. 

Combustion  Process  and  Adjustments 

Because  of  the  varying  composition  of  gases  used  for  domestic  heating 
it  is  difficult  to  generalize  on  the  subject  of  gas  burner  combustion. 

Little  difficulty  should  be  experienced  in  maintaining  efficient  com- 
bustion conditions  when  burning  gas.  The  fuel  supply  is  normally  held 
to  close  limits  of  variation  in  pressure  and  calorific  value  and,  therefore, 
the  rate  of  heat  supply  is  nominally  constant.  Since  the  force  necessary  to 
introduce  the  fuel  into  the  combustion  chamber  is  an  inherent  factor  of 
the  fuel,  no  draft  by  the  chimney  is  required  for  this  purpose.  The  use  of  a 
draft  diverter  insures  the  maintenance  of  constant  low  draft  condition  in 
the  combustion  chamber  with  a  resultant  stability  of  air  supply.  A  draft 
diverter  is  also  helpful  in  controlling  the  amount  of  excess  air  and  pre- 
venting back  drafts  which  might  extinguish  the  flame.  (See  Chapter  7). 

Measurement  of  the  Efficiency  of  Combustion 

It  is  possible  to  determine  the  results  of  combustion  by  analyzing  the 
gases  of  combustion  with  an  Orsat  apparatus.  It  is  desirable  to  determine 
the  percentage  of  carbon  dioxide  (CCy,  oxygen  (02)  and  carbon  monoxide 
(CO)  in  the  flue  gases.  While  ultimate  C02  values  of  10  to  12  per  cent  may 
be  obtained  from  the  combustion  of  gases  commonly  used  for  domestic 
heating,  a  combustion  adjustment  which  will  show  from  8  to  10  per  cent 
COz  represents  a  practical  value.  Under  normal  conditions  no  CO  will  be 
produced  by  a  gas-fired  boiler  or  furnace.  Limitations  as  to  output  rating 
by  the  A.G.A.  are  based  upon  operation  with  not  more  than  0.04  per  cent 
CO  in  the  products  of  combustion.  This  is  too  small  an  amount  to  be 
determined  by  the  ordinary  flue  gas  analyzer. 
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Controls 

Temperature  controls  for  gas  burners  are  described  in  Chapter  33. 
Some  central  heating  plants  are  equipped  with  push  button  or  other 
manual  control.  The  main  gas  valve  may  be  of  either  the  snap  action 
or  throttling  type. 

Sizing  Gas-Fired  Heating  Plants 

While  gas-burning  equipment  usually  is  completely  atuomatic,  main- 
taining the  temperature  of  rooms  at  a  predetermined  and  set  figure,  there 
are  in  use  installations  which  are  manually  controlled.  Experience  has 
shown  that,  in  order  to  effectively  overcome  the  starting  load  and  losses 
in  piping,  a  manually-controlled  gas  boiler  should  have  an  output  as 
much  as  100  per  cent  greater  than  the  equivalent  standard  cast-iron 
column  radiation  which  it  is  expected  to  serve. 

Boilers  under  thermostatic  control,  however,  are  not  subject  to  such 
severe  pick-up  or  starting  loads.  Consequently,  it  is  possible  to  use  a 
much  lower  selection,  or  safety  factor.  A  gas-fired  boiler  under  thermp- 
static  control  is  sensitive  to  variations  in  room  temperatures  so  that  in 
most  cases  a  factor  of  20  per  cent  is  sufficient  for  pick-up  load. 

The  factor  to  be  allowed  for  loss  of  heat  from  piping,  however,  must 
vary  somewhat,  the  proportionate  amount  of  piping  installed  being  con- 
siderably greater  for  small  installations  than  for  large  ones.  Liberal 
selection  factors  to  be  added  to  the  installed  steam  radiation  under  ther- 
mostatic control  are  given  in  Fig.  1  of  Chapter  11. 

Appliances  used  for  heating  with  gas  should  bear  the  approval  seal  of 
the  American  Gas  Association  Testing  Laboratory.  Installations  should 
be  made  in  accordance  with  the  recommendations  shown  in  the  publi- 
cations of  that  association. 

Ratings  for  Gas  Appliances 

Since  a  gas  appliance  has  a  heat-generating  capacity  that  can  be  pre- 
dicted accurately  to  within  1  or  2  per  cent,  and  since  this  capacity  is  not 
affected  by  such  things  as  condition  of  fuel  bed  and  soot  accumulation, 
makers  of  these  appliances  have  an  opportunity  to  rate  their  product  in 
exact  terms.  Consequently  all  makers  give  their  product  an  hourly  Btu 
output  rating.  This  is  the  amount  of  heat  that  is  available  at  the  outlet  of 
a  boiler  in  the  form  of  steam  or  hot  water,  or  at  the  bonnet  of  the  furnace 
in  the  form  of  warm  air.  The  output  rating  is  in  turn  based  upon  the 
Btu  input  rating  which  has  been  approved  by  the  American  Gas  Asso- 
ciation Testing  Laboratory  and  upon  an  average  efficiency  which  has 
been  assigned  by  that  association. 

In  the  case  of  boilers,  the  rating  can  be  put  in  terms  of  square  feet  of 
equivalent  direct  radiation  by  dividing  it  by  240  for  steam,  and  150  for 
water.  This  gives  what  is  called  the  American  Gas  Association  rating,  and 
is  the  manner  in  which  all  appliances  approved  by  the  American  Gas 
Association  Laboratory  are  rated.  To  use  these  ratings  it  is  only  necessary 
to  increase  the  calculated  heat  loss  or  the  equivalent  direct  radiation  load 
by  an  appropriate  amount  for  starting  and  piping,  and  to  select  the  boiler 
or  furnace  with  the  proper  rating. 
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The  rating  given  by  the  American  Gas  Association  Laboratory  is  not 
only  a  conservative  rating  when  considered  from  the  standpoint  of 
capacity  and  efficiency,  but  is  also  a  safe  rating  when  considered  from  the 
standpoint  of  physical  safety  to  the  owner  or  caretaker.  The  rating  that 
is  placed  upon  an  appliance  is  limited  by  the  amount  of  gas  that  can  be 
burned  without  the  production  of  harmful  amounts  of  carbon  monoxide. 
Gas  boilers  are  available  with  ratings  up  to  14,000  sq  ft  of  steam  radia- 
tion, while  furnaces  with  ratings  up  to  about  500,000  Btu  per  hour  are 
available. 
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Chapter  10 

HEAT  AND  FUEL   UTILIZATION 

Fuel  Consumption  Records,  Calculated  Heat  Loss  Estimation 

Method,  Maximum  Rate  of  Fuel  Burning,  Degree-Day  Method^ 

Unit  Fuel  Consumption  per  Degree-Day,  Maximum  Demands 

and  Load  Factors 

MANY  methods  are  in  use  for  estimating  in  advance  of  actual  oper- 
ation the  anticipated  heat  or  fuel  consumption  of  heating  plants 
over  long  or  short  periods.  With  suitable  modification  in  procedure  these 
same  general  methods  are  frequently  useful  in  checking  the  degree  of 
effectiveness  with  which  heat  or  fuel  is  utilized  during  plant  operation. 

In  applying  any  of  these  estimating  methods  to  the  consumption  of  a 
particular  building  plant  it  should  be  noted  that  (a)  reliable  records  of 
past  heat  or  fuel  consumptions  of  this  building  will  usually  produce  more 
trustworthy  estimates  of  future  consumptions  than  will  any  data  obtained 
by  averages  or  from  other  similar  buildings;  (b)  where  no  past  records 
exist  useful  data  can  sometimes  be  obtained  from  records  of  similar 
buildings  with  similar  plants  in  the  same  locality;  (c)  records  of  consump- 
tion, which  are  averages  from  many  types  of  plants  in  many  types  of 
buildings  in  various  localities,  can  produce  no  better  than  an  average 
estimate  which  may  be  far  from  accurate;  (d)  estimates  based  on  com- 
puted heat  losses  without  the  benefit  of  operating  data  are  wholly  de- 
pendent on  how  well  the  computation  represents  the  actual  facts. 

Where  records  of  past  consumptions  are  available  they  should  be 
examined  for  reliability  to  be  sure  that  the  records  show  fuel  or  heat  for 
the  heating  plant  only,  or  else  make  a  suitable  allowance^for  fuel  used  for 
other  purposes,  such  as  heating  service  water.  Weights  and  measures 
shown  on  invoices  may  not  always  agree  with  fuel  used,  for  residues  left 
in  bins  or  tanks  may  represent  a  considerable  fraction  of  the  fuel  charged 
to  a  building.  Generally,  plant  operating  records  of  fuel  used  are  to  be 
preferred  to  those  obtained  from  accounting  or  bookkeeping  offices  from 
fuel  invoices. 

Records  from  similar  buildings  even  in  the  same  locality  should  be 
examined  with  care  before  being  used  as  the  basis  of  estimates.  The  type 
of  heating  system,  the  quality  of  supervision  in  manual  plants,  the  kind  of 
control  in  automatic  plants,  and  the  attention  given  to  the  plant  operation 
are  all  factors  in  fixing  the  consumption  in  any  building.  Many  times 
these  factors  do  not  show  up  in  superficial  examination  and  are  even 
difficult  to  evaluate  when  known  to  be  present.  Especially  check  the 
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records  to  be  sure  that  they  do  not  include  energy  or  fuel  used  for  other 
purposes  than  heating  the  building. 

Estimates  based  on  computed  heat  losses  alone  are  frequently  the  only 
ones  possible  to  obtain,  especially  where  new  equipment  is  put  into 
unusual  buildings  and  there  is  a  scarcity  of  records  and  an  absence  of 
experience  data.  Such  estimates  also  have  to  be  made  where  direct 
information  is  not  obtainable  as,  for  example,  if  a  survey  is  being  made 
without  the  assistance  or  knowledge  of  the  building  operator  and  thus 
without  information  as  to  the  actual  consumption.  Estimates  of  this 
kind  are  also  useful  in  some  cases  where  a  relative  standard  of  performance 
is  desired  to  serve  as  a  base  of  comparisons  in  a  campaign  of  fuel  utili- 
zation. In  such  situations  it  can  be  plausibly  argued  that  an  estimate 
based  on  computed  heat  quantities  is  to  be  preferred  to  one  which  is 
related  to  operating  methods. 

In  interpreting  and  evaluating  heat  or  fuel  consumption  estimates  as 
well  as  in  their  preparation,  it  is  well  to  realize  that  any  estimating  method 
used  will  produce  a  more  reliable  result  over  a  long  period  operation  than 
over  a  short  period.  Nearly  all  of  the  methods  in  common  use  will  give 
trustworthy  results  over  a  full  annual  heating  season,  and  in  some  cases 
such  estimates  will  prove  consistent  within  themselves  for  monthly  periods. 
As  the  period  of  the  estimate  is  shortened  there  is  more  chance  that  some 
factor  not  allowed  for  in  the  estimating  method  will  become  controlling 
and  thus  give  discrepant  and  even  ridiculous  results. 

Of  the  various  estimating  methods  in  use  attention  is  directed  in  this 
discussion  to  but  two  as  they  are  illustrative  of  all,  viz:  (1)  calculated 
heat  loss  method,  and  (2)  degree-day  method. 

CALCULATED  HEAT  LOSS  METHOD 

This  method  is  theoretical  and  assumes  constant  temperatures  for  very 
definite  hours  each  day  throughout  the  entire  heating  season.  It  does  not 
take  into  account  factors  which  are  difficult  to  evaluate  such  as  opening 
of  windows,  abnormal  heating  of  the  building,  sun  effect,  poor  heating 
systems,  and  many  others. 

In  order  to  apply  this  method  the  hourly  heat  loss  from  the  building 
under  maximum  load,  or  design  condition  is  computed  following  the 
principles  discussed  in  Chapters  3  and  4  and  the  method  described  and 
illustrated  in  Chapter  5. 

In  some  cases,  however,  depending  on  the  presence  of  interior  par- 
titions, the  computed  heat  loss  is  modified  when  used  for  estimating  the 
heat  or  fuel  consumption.  If  the  building  has  no  interior  walls  or  par- 
titions then,  by  the  method  of  Chapters  4  and  5,  the  infiltration  losses  are 
calculated  by  using  only  half  the  total  window  crack.  In  such  a  building 
the  calculated  loss  need  not  be  modified  in  order  to  prepare  heat  or  fuel 
estimates  by  this  method.  Where  the  building  does  contain  interior 
walls  or  partitions  instead  of  using  as  the  calculated  heat  loss  (H)  which 
is  equal  to  the  sum  of  the  transmission  losses  (Ht)  and  the  infiltration 

losses  (Hi),  it  is  more  desirable  to  let  H  =  Ht  +  -~ 

2 
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In  predicting  fuel  consumption  for  heating  a  building  by  the  Calculated 
Heat  Loss  Method,  the  general  formula  is: 

r  _    H  (t  -  «  N 


E  (td  -  to)  C 
where 

F  =  quantity  of  fuel  or  energy  required  (in  the  units  in  which  C  is  expressed). 
H  =  calculated  heat  loss,  Btu  per  hour,  during  the  design  hour,  based  on  tQ  and  *d 

^generally  H  -  HI  -f  Hi  but  may  on  occasion  equal  Ht  -f  -—  J . 

t  =  average  inside  temperature  maintained  over  estimate  period,  degrees  Fahrenheit. 
Ja  =  average   outside   temperature   through   estimate   period,   degrees   Fahrenheit 

(Table  2,  Chapter  5). 

/d  =  inside  design  temperature,  degrees  Fahrenheit  (usually  70  F). 
t0  —  outside  design  temperature,  degrees  Fahrenheit  (see  Outside   Temperatures, 

Chapter  5). 
N  =  number  of  heating  hours  in  estimate  period  (for  an  Oct.  1 — May  1  heating 

season,  5088). 
E  —  efficiency  of  utilization  of  the  fuel  over  the  period,  expressed  as  a  decimal;  not 

the  efficiency  at  peak  or  rated  load  condition. 
C  —  heating  value  of  one  unit  of  fuel  or  energy. 

Example  1.  A  residence  in  Philadelphia  is  to  be  heated  to  70  F  from  6  A.M.  to  10  P.M. 
and  55  F  from  10  P.M.  to  6  A.M.  The  calculated  hourly  heat  loss  is  120,000  Btu  per  hour 
based  on  70  F  inside  at  —  5  F  outside.  If  the  building  is  to  be  heated  by  metered  steam, 
how  many  pounds  would  be  required  during  an  average  heating  season? 

Solution.  The  heating  value  of  steam  may  be  taken  as  1000  Btu  per  pound,  and  since 
it  is  purchased  steam,  the  efficiency  can  be  assumed  as  100  per  cent.  From  Table  2, 
Chapter  5,  fa  =  42.7  F.  The  average  inside  temperature  is: 

(16  X  70)  +  (8  X  55)       _  -, 
24 =  6°  F- 

Substituting  in  Equation  1: 

_  120.000  (65  -  42.7)  5088  _ 
*  ~     1.00  [70  -  (-5)]  1000     "  181'239  Ib' 

Example  2.  How  much  would  the  fuel  cost  to  heat  the  building  in  Example  1  during 
an  average  heating  season  with  coal  at  $8  per  ton  and  with  a  calorific  value  of  11,000 
Btu  per  pound,  assuming  that  the  seasonal  efficiency  of  the  plant  was  55  per  cent? 


Solution.    Substituting  in  Equation  1:   F  =         '  7          .  =  30,013  Ib 

u.oo  L/U  —  ^  —  o)\  ii,uuu 
=   15  tons,  which,  at  $8  per  ton,  costs  $120. 

Example  8.  What  will  be  the  estimated  fuel  cost  per  year  of  heating  a  building  with 
gas,  assuming  that  the  calculated  hourly  heat  loss  is  92,000  Btu  based  on  0  F,  which 
includes  26,000  Btu  for  infiltration?  The  design  temperatures  are  0  F  and  72  F.  The 
normal  heating  season  is  210  days,  and  the  average  outside  temperature  during  the 
heating  season  is  36.4  F.  The  seasonal  efficiency  will  be  75  per  cent.  The  heating  plant 
will  be  thermostatically  controlled,  and  a  temperature  of  55  F  will  be  maintained  from 
11  P.M.  to  7  A.M.  Assume  that  the  price  of  gas  is  7  cents  per  100,000  Btu  of  fuel  con- 
sumption, and  disregard  the  loss  of  heat  through  open  windows  and  doors. 

Solution.    The  average  hourly  temperature  is: 

(72  X  16)       (55  X  8) 
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The  maximum  hourly  heat  loss  will  be: 
H  =  92,000  - 


M 


=  79,000  Btu. 
=  2204.6  hundred  thousand  Btu. 


79,000  (66.3  -  36.4)  X  24  X  210 
100,000  X  0.75  X  (72  -  0) 

2204.6  X  $0.07  =  $154.34  =  estimated  fuel  cost  per  year  of  heating  building. 
Equation  1  can  be  expressed  as : 

H    _    (t  -  /a)  N 


(2) 
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FIG.  1.    COAL  FUEL  BURNING  RATE  CHART 

rr 

where  the  expression  -=-*  is  the  rate  at  which  fuel  is  burned  during  the 


design  hour.  Values  of  this  rate  are  plotted  as  ordinates  in  Figs.  1,  2  and 
3  for  coal,  oil  and  gas.  For  a  given  efficiency,  the  rate  of  fuel  burning  is 
directly  proportional  to  the  load  and  therefore  these  charts  can  be  ex- 
tended by  moving  the  decimal  points  the  same  number  of  digits  in  both 
vertical  and  horizontal  scales.  Use  of  these  charts  thus  expedites  the 
estimate, 

The  charts  are  plotted  so  that  the  load  is  expressed  in  three  terms: 
(a)  hourly  heat  loss  at  design  conditions,  (b)  square  feet  of  steam  radiator 
surface  (240  Btu  per  hour),  and  (c)  square  feet  of  hot  water  radiator 
surface  (150  Btu  per  hour).  By  entering  the  chart  at  the  correct  point  on 
the  abcissa  corresponding  to  the  calculated  heat  loss  (H)  ,  following  ver- 
tically to  the  seasonal  efficiency  assumed  and  thence  horizontally  to  the 
fuel  rate,  the  rate  of  fuel  burning  during  a  maximum  or  design  hour  will  be 
found  along  the  left  hand  scale  for  various  calorific  values  of  the  fuel. 
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In  the  case  of  gravity  warm  air  heating  installations,  the  load  is  usually 
expressed  in  square  inches  of  leader  pipe.  This  can  be  converted  into 
hourly  heat  loss  by  multiplying  by  the  factors  in  Table  1. 

Example  4-  A  building  located  in  Salt  Lake  City  with  an  oil-burning  heating  plant 
has  a  calculated  hourly  heat  loss  of  260,000  Btu  per  hour.  The  plant  is  designed  to 
maintain  a  temperature  of  70  F  inside  during  all  24  hours  of  the  day,  the  outside  design 
temperature  is  —5  F,  the  average  outside  temperature  40  F,  the  heating  season  5088 
hours  long,  the  assumed  efficiency  60  per  cent,  and  the  oil  has  a  calorific  value  of  143,400 
Btu  per  gallon.  What  will  be  the  seasonal  fuel  consumption? 

Solution.  Enter  Fig.  2  at  260,000  on  the  upper  horizontal  scale,  move  vertically  to  the 
60  per  cent  efficiency  curve,  and  horizontally  to  the  vertical  scale  where  the  firing  rate 

\£C/  *S  ^oun(*  as  3-0  £al  Per  hour. 
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FIG.  2,    OIL  FUEL  BURNING  RATE  CHART* 

»This  chart  is  based  upon  No.  3  oil  having  a  heat  content  of  143,400  Btu  per  gallon.  If  other  grades  of 
oil  are  used  multiply  the  value  obtained  from  this  chart  by  the  following  factors:  No.  1  oil  (139,000  Btu 
per  gallon)  1.032;  No.  2  oil  (141,000  Btu  per  gallon)  1.017;  No.  4  oil  (144,500  Btu  per  gallon)  0.992;  No. 
5  oil  (146,000  Btu  per  gallon)  0.982;  and  No.  6  oil  (150,000  Btu  per  gallon)  0.956. 


Substituting  this  in  Equation  2  for  ( -=^  J : 


3'° 


(70  -  40)  5088 
70  -  (~5) 


fiin~      i 
6106  gal. 


Example  5.  What  would  be  the  total  gas  consumption  over  a  full  heating  season  of  a 
gas-fired  gravity  warm  air  furnace  designed  according  to  the  Code1,  and  with  four  12  in. 
and  two  8  in,  round  leaders  to  the  first  floor  and  six  10  in.  leaders  to  the  second  floor,  if 
the  gas  has  a  heating  value  of  500  Btu  per  cubic  foot,  the  plant  operates  at  a  70  per  cent 


Standard  Code  Regulating  the  Installation  of  Gravity  Warm  Air  Heating  Systems  in  Residences 
(9th  edition),  and  the  Technical  Code  for  the  Design  and  Installation  of  Mechanical  Warm  Air  Heating 
Systems,  may  be  obtained  from  the  National  Warm  Air  Heating  and  Air  Conditioning  Association,  5  E. 
Long  St.,  Columbus.  Ohio. 
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seasonal  efficiency  and  is  designed  to  maintain  an  average  inside  temperature  of  65  F 
when  it  is  10  F  outside  in  a  city  where  the  average  outside  temperature  is  45  F  and  the 
heating  season  is  5088  hours  long? 

Solution.    The  area  of  the  round  leaders  is:    12  in.,  113  sq  in.;  10  in.,  79  sq  in.;  and 
8  in.,  50  sq  in,    From  Table  1  the  total  Btu  transmitted  is: 

First  Floor:    [(4  X  113)  +  (2  X  50)]  X  111  =  61,272  Btu  per  hour. 
Second  Floor:    (6  X  79)  X  167  =»  79,158  Btu  per  hour. 

Total      140,430  Btu  per  hour. 

Allowing  10  per  cent  for  duct  and  furnace  losses,  the  gross  output  would  be  154,500 
Btu  per  hour. 
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FIG.  3.    GAS  FUEL  BURNING  RATE  CHART 

Enter  Fig.  3  at  154.5  on  the  upper  horizontal  scale,  move  to  the  70  per  cent  efficiency 
curve  and  thence  to  the  500  Btu  per  cubic  foot  vertical  scale  and  find  (  -~-~  J  to  be  ap- 
proximately 440  cu  ft  per  hour. 

Substituting  in  Equation  2: 

(65  -  45)  5088 
(70  -  10) 


F  =  440  X 


746,428  cu  ft. 


Maximum  Rate  of  Fuel  Burning 

The  rate  at  which  fuel  is  burned  during  the  maximum,  or  design  hour,  is 
frequently  useful  in  setting,  or  adjusting,  the  fuel  feed  devices  attached  to 

stokers,  oil-burners,  and  gas  burners.   This  rate  is  (  — ,  j  and  can  be  found 

from  the  charts  of  Figs.  1,  2  and  3  in  the  same  way  as  outlined  in  the 
Examples  4  and  5.  In  using  the  charts  for  this  purpose,  however,  it 
should  be  noted  that  the  efficiency  (£)  is  the  overall  efficiency  of  the  boiler 
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or  furnace  at  the  time  of  peak  load.  This  efficiency  is  generally  consider- 
ably greater  than  the  value  selected  for  E  when  the  seasonal  efficiency  of 
utilization  is  used  in  making  seasonal  fuel  estimates.  Failure  to  dis- 
tinguish between  the  two  essentially  different  meanings  attached  to  E 
may  result  in  grossly  inaccurate  estimates. 

The  correct  fuel  burning  rate  can  be  determined  directly  from  the 
several  charts  for  oil  or  gas  burning  installations,  as  these  customarily 
operate  on  a  strictly  intermittent  basis.  These  fuel  burning  devices 
usually  introduce  the  fuel  at  a  single  fixed  rate  during  the  on  periods  and 
this  rate  should  be  sufficient  to  carry  the  gross  or  maximum  design  load. 
In^the^case  of  coal  stokers,  which  are  usually  capable  of  variable  rates  of 
firing,  it  is  desirable  to  operate  at  as  low  a  rate  as  weather  conditions  will 
permit,  but  the  maximum  firing  rate  of  the  stoker  should  be  sufficient 
to  carry  the  gross  load.  This  rate  may  be  determined  by  the  same  method 
as  used  for  oil  or  gas. 

TABLE  1.    HEAT  CARRYING  CAPACITY  OF  GRAVITY  WARM  AIR  FURNACE 
ROUND  LEADER  PIPES 

180  F  Register  Temperature 

LEADER  PIPE  1    BTTJ  PEB  ^  AT  DESIGN  CONDITIONS 

PER  SQ  IN.  OF  LEADER  PIPE 


First  floor.....  

Ill 

Second  floor._  

167 

Third  floor  

200 

Example  6.  The  estimated  net  load  (including  domestic  hot  water  supply)  as  calcu- 
lated for  a  residence  is  1500  sq  ft  of  hot  water  radiation.  Determine  the  firing  rates  for 
various  mechanically  fired  fuels  assuming  an  overall  boiler  efficiency  of  70  per  cent; 
using  coal  with  a  calorific  value  of  12,500  Btu  per  pound;  No.  3  fuel  oil  and  natural  gas 
having  a  gross  heating  value  of  1000  Btu  per  cubic  foot. 

.Solution.  Referring  to  Fig.  1,  Chapter  11,  a  piping  and  pick-up  factor  for  a  net  load  of 
1500  sq  ft  is  found  to  be  43  per  cent  or  the  gross  output  is  equivalent  to  1500  X  1.43  = 
2145  sq  ft  of  hot  water  radiation. 

Using  the  charts  in  Figs.  1,  2  and  3  project  vertically  from  the  gross  output  value  on 
the  proper  horizontal  scale  to  the  intersection  of  the  70  per  cent  efficiency  line.  From  the 
intersection  of  this  line  proceed  horizontally  to  the  proper  vertical  scale  where  a  direct 
value  of  the  required  fuel  burning  rate  is  given.  These  values  are  rates  of  burning  while 
firing  device  is  in  operation  and  are  not  indicative  of  hourly  fuel  consumption. 

By  use  of  the  respective  charts  the  firing  rates  for  the  various  fuels  will  be  found  to  be: 
coal  36.8  Ib  per  hour,  oil  3.2  gal  per  hour,  and  gas  460  cu  ft  per  hour. 

DECREE-DAY  METHOD 

This  method  is  based  on  consumption  data  which  have  been  taken  from 
buildings  in  operation,  and  the  results  computed  on  a  degree-day  basis. 
While  this  method  may  not  be  as  theoretically  correct  as  the  Calculated 
Heat  Loss  Method,  it  is  of  more  value  for  practical  use. 

The  amount  of  heat  required  by  a  building  depends  upon  the  outdoor 
temperature,  if  other  variables  are  eliminated.  Theoretically  it  is  pro- 
portional to  the  difference  between  the  outdoor  and  indoor  temperatures. 
Some  years  ago  the  American  Gas  Association-  determined  from  experi- 

*See  Industrial  Gas  Series,  House  Heating,  (third  edition)  published  by  the  American  Gas  Association. 
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rnent  in  the  heating  of  residences  that  the  gas  consumption  varied  directly 
as  the  difference  between  65  F  and  the  outside  temperature.  In  other 
words,  on  a  day  when  the  temperature  was  20  deg  below  65  F,  twice  as 
much  gas  was  consumed  as  on  a  day  when  the  temperature  was  10  deg 
below  65  F.  The  degree-day  is  defined  in  Chapter  46. 

Some  years  ago  the  National  District  Heating  Association  studied  the 
metered  steam  consumption  of  163  buildings3  in  22  different  cities  and 
published  data  substantiating  the  fact  that  the  65  F  base  originally 
chosen  by  the  gas  industry  is  approximately  correct.  (See  Table  2.) 

If  the  degree-days  occurring  each  day  are  totaled  for  a  reasonably  long 
period,  the  fuel  consumption  during  that  period  as  compared  with  another 
period  will  be  in  direct  proportion  to  the  number  of  degree-days  in  the 
two  periods.  Consequently,  for  a  given  installation,  the  fuel  consumption 
can  be  calculated  in  terms  of  fuel  used  per  degree-day  for  any  sufficiently 
long  period  and  compared  with  similar  ratios  for  other  periods  to  deter- 
mine the  relative  operating  efficiencies  with  the  outside  temperature 
variable  eliminated. 

Predictions  of  fuel  consumption  are  generally  based  on  the  average 
number  of  degree-days  which  have  occurred  over  a  long  period  of  years, 
and  such  averages,  by  months,  on  a  65  F  base,  are  given  for  various 
United  States  and  Canadian  cities  in  Table  3.  In  general,  attempts  to 
apply  the  degree-day  method  to  fuel  consumptions  over  a  period  of  less 
than  a  month  are  of  questionable  value. 

Formula  for  Degree-Day  Method 

The  general  formula  for  predicting  fuel  consumption  by  the  Degree- 
Day  Method  is: 

F  =  U  X  N  X  D  (3) 

where 

F  =  fuel  consumption  for  the  estimate  period. 

U  =  unit  fuel  consumption,  or  quantity  of  fuel  used  per  degree-day  per  building 

load  unit. 

N  =  number  of  building  load  units. 
D  =  number  of  degree-days  for  the  estimate  period. 

Values  of  D  for  use  in  Equation  3  are  given  in  Table  3.  Values  of  N 
depend  on  the  particular  building  for  which  the  estimate  is  being  pre- 
pared and  must  be  found  by  surveying  plans,  by  observation,  or  by 
measurement  of  the  building.  Values  of  U  for  use  in  this  equation  are  the 
Unit  Fuel  Consumptions  per  Degree-Day  and  are  obtained  as  a  result  of 
the  collection  of  operating  information.  Certain  of  this  information  is 
presented  later  but  before  referring  to  these  data  attention  is  directed  to 
the  nature  of  the  unit. 

Unit  Fuel  Consumptions  per  Degree-Day 

The  quantity  of  fuel  used  per  degree-day  in  a  given  heating  plant  can 
be  reduced  to  a  unit  basis  in  terms  of  quantity  of  fuel  (or  steam)  per 
degree-day  per  square  foot  of  radiator,  per  cubic  foot  of  heated  building 
space,  or  per  thousand  Btu  hourly  heat  loss  at  design  conditions.  A  less 
frequently  used  basis  is  quantity  of  fuel  per  degree-day  per  square  foot  of 

'These  buildings  are  all  served  with  steam  from  a  district  heating  company. 
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floor  area.    In  fact  any  convenient  unit  can  be  used  to  relate  the  con- 
sumption to  the  degree-day  and  to  the  building. 

The  choice  of  these  units  requires  explanation  and  some  discrimination 
and  judgment.  The  use  of  heated  space  in  preference  to  the  gross  building 
cubage  used  by  architects  is  obviously  more  accurate  for  this  purpose. 
The  architects'  cubage  includes  the  outer  walls  and  certain  percentages 
of  attic  and  basement  space  which  are  usually  unheated.  The  net  heated 
space  is  usually  about  80  per  cent  of  the  gross  cubage  and  can  be  calcu- 
lated from  the  latter  if  it  cannot  be  measured.  The  cubical  content  is 
somewhat  inaccurate  as  a  basis  of  comparison  due  to  differences  in  types 
of  construction,  exposure,  and  ratio  of  exposed  area  to  cubical  contents. 
Use  of  equivalent  radiator  surface  figures  is  fundamentally  the  same  as 

TABLE  2.    BASE  TEMPERATURE  FOR  THE  DEGREE-DAY*1 


TTPB  OP  BUILDING 

No.  OF  BUILDINGS 
ANALYZED 

TEMPERATURE  F  COR- 
RESPONDS TO  ZERO 
STEAM  CONSUMPTION 

Office  

60 

66.2 

Office  and  Bank. 

4 

65.8 

Bank_  

Office  and  Telephone  Exchange  

3 
2 

66.2 
65.5 

Office  and  Stores  
Stores  . 

6 
11 

67.4 
64.0 

Department  Stores 

12 

64.3 

Hotels  

7 

66.5 

Apartments 

14 

68.8 

Residences.  

8 

66.9 

Clubs 

4 

65.5 

Lodges  _      ....        .... 

5 

64.9 

Theaters 

3 

67.6 

Churches  _ 

2 

65.8 

Garages  

2 

64.8 

Auto  Sales  and  Service 

4 

61.2 

Newspaper  and  Printing  

3 

67.7 

Warehouse  and  Loft 

3 

67.7 

Office  and  Loft  

2 

65.2 

Manufacturing  

s 

65.4 

Average  for  163  Buildings 

66.0  F 

a  Report  of  Commercial  Relations  Committee,  Proceedings,  National  District  Beating  Association,  1932. 

using  a  calculated  heat  loss  and  therefore  units  in  terms  of  fuel  per  degree- 
day  per  equivalent  square  foot  of  calculated  radiator  surface,  per  1000 
Btu  of  calculated  heat  loss,  or  per  Btu  of  heat  loss  at  design  conditions 
are  all  of  equal  accuracy  and  desirability.  It  is  doubtful  if  installed 
radiator  surface  as  determined  by  count  should  be  used  at  all.  Radiator 
units  are  also  of  questionable  value  where  there  is  fan  coil  surface  or  warm 
air  systems.  In  view  of  all  these  considerations  it  is  believed  that  the  unit 
based  on  thousands  of  Btu  of  hourly  calculated  heat  loss  for  the  design  hour 
is  probably  the  most  desirable  although  the  one  most  widely  used  seems 
to  be  units  of  fuel  (or  heat)  per  degree-day  per  square  foot  of  equivalent 
direct  radiator  surface. 

Since  this  unit  is  the  one  most  widely  used  at  present  the  unit  fuel  con- 
sumptions given  in  succeeding  paragraphs  of  this  chapter  make  use  of  this 
unit  to  a  considerable  extent,  although  it  should  be  understood  that  most 
of  these  units  of  consumption  can  be  transposed  as  desired. 
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TABLE  3.   DEGREE- DAYS  FOR  CITIES  IN  THE  UNITED  STATES  AND  CANADA** 


STATE 

CITY 

JAN. 

FEB. 

MAR. 

APR, 

MAY 

JUNE 

JULY 

AtlG. 

SEPT. 

OCT. 

Nov. 

DEC.  Total 

Ala...... 

Ariz  
Ark  

Calif.  .. 
Colo... 

Conn... 
D.  C... 
Fla.._... 
Ga  

Idaho.. 
Ill  

Ind  

Iowa.... 
Kan  
Ky  

La  
Me.._... 

Md  
Mass... 
Mich... 

Minn... 

Miss... 

Mo  

Mont... 
Neb  

Nev  
N.  H... 
N.  ]..„. 
N.  M... 
N.  Y... 

N.  C,. 

N.  D... 
Ohio.... 

Okla... 
Ore,.._. 

Pa  

Birmingham  .... 
Mobile 

617 
418 
428 
790 
732 
322 
468 
1091 
1271 
1141 
980 
298 
694 
422 
1091 
1237 
1194 
976 
1135 
1392 
1463 
1116 
1159 
995 
949 
335 
558 
1383 
1321 
967 
1150 
1259 
1510 
1770 
1621 
521 
1141 
1051 
976 
1615 
1308 
1336 
1128 
1345 
1008 
1122 
1299 
1252 
1057 
741 
574 
1773 
1076 
1194 
1128 
887 
1243 
794 
1004 

476 
288 
277 
622 
563 
266 
358 
904 
899 
1008 
832 
196 
552 
308 
846 
1053 
994 
804 
949 
1156 
1232 
890 
952 
829 
778 
216 
395 
1218 
1154 
829 
1014 
1112 
1364 
1501 
1375 
370 
946 
846 
834 
1439 
1089 
1106 
882 
1182 
879 
893 
1145 
1140 
944 
610 
479 
1532 
902 
1053 
960 
711 
1008 
641 
871 

298 
164 
133 
384 
372 
232 
335 
797 
663 
905 
694 
76 
403 
186 
691 
890 
769 
592 
775 
902 
1001 
688 
694 
660 
608 
71 
208 
1119 
1029 
704 
911 
980 
1246 
1280 
1097 
202 
691 
648 
614 
1175 
852 
868 
775 
1060 
818 
784 
1001 
1051 
846 
459 
363 
1265 
747 
942 
803 
465 
849 
561 
750 

58 
11 
4 
97 
92 
168 
300 
537 
378 
534 
351 

51 
g 

333 

192 
160 
420 
387 
123 
261 
756 
771 
690 
594 
88 
387 
195 
720 
714 
684 
552 
681 
798 
894 
672 
666 
606 
549 
104 
270 
849 
810 
561 
690 
771 
951 
1050 
978 
252 
639 
588 
579 
1014 
777 
795 
798 
819 
582 
783 
771 
768 
624 
420 
270 
1095 
675 
723 
693 
486 
870 
546 
579 

577 
397 
403 
710 
645 
260 
425 
1014 
1162 
1008 
880 
270 
629 
391 
1020 
1085 
1032 
865 
1017 
1209 
1299 
1004 
1023 
905 
849 
291 
493 
1200 
1159 
862 
1008 
1107 
1314 
1522 
1407 
465 
1008 
933 
893 
1383 
1159 
1197 
1085 
1184 
887 
1063 
1132 
1091 
930 
682 
493 
1559 
980 
1048 
1011 
797 
1169 
738 
890 

2410 
1473 
1405 
3112 
2863 
1472 
3244 
5894 
5676 
5918 
4631 
928 
2865 
1524 
5614 
6027 
5405 
4228 
5321 
6409 
7052 
5056 
5103 
4600 
4185 
1017 
1964 
8476 
7210 
4525 
6003 
6460 
8721 
9797 
7883 
1851 
5002 
4539 
4420 
8635 
6053 
6154 
6330 
7287 
5173 
6087 
6541 
6818 
5290 
3179 
2304 
9127 
5127 
6150 
5421 
3625 
7216 
4442 
4784 

Phoenix  
Fort  Smith  
Little  Rock  
Los  Angeles  
San  Francisco.. 
Denver  
Grand  Junction 
New  Haven  
Washington  
Jacksonville  
Atlanta  
Savannah 

89 
72 
11 
140 
428 
378 
347 
236 

87 
254 
273 
123 
220 
61 

3 

195 
18 

202 

183 

123 
76 
31 
55 
3 

10 

120 
15 
438 
519 
369 
249 
387 
447 
516 
342 
309 
321 
258 

80 

431 
307 
285 
174 
288 
360 
437 
276 
248 
236 
178 

Boise.  

Chicago 

245 
202 

71 
16 
77 
117 
142 
65 
49 
46 
16 

30 
3 

102 
17 

7 

Springfield 

Evansville 

Indianapolis...-. 
Des  Moines  
Sioux  City 

12 
28 
68 
3 
3 
2 

Dodge  City  
Topeka  
Lexington  
Louisville 

New  Orleans.... 
Shreveport  
Eastport  

16 
780 
660 
342 
558 
564 
816 
840 
558 
19 
306 
267 
270 
639 
405 
414 
549 
648 
516 
549 
546 
666 
468 
168 
94 
687 
378 
564 
414 
156 
594 
396 
387 

24 
542 
468 
211 
353 
388 
567 
648 
499 
22 
226 
191 
211 
636 
335 
332 
518 
474 
251 
453 
400 
406 
270 
98 
31 
623 
288 
353 
304 
120 
570 
335 
223 

536 
363 
47 
245 
217 
496 
549 
226 

297 
79 

143 

133 
5 

276 
162 
2 
61 
58 
225 
297 
113 

Portland 

Baltimore  
Boston 

13 

4 
183 
234 
9 

Detroit 

Marquette  
Duluth 

12 
32 

37 
74 

Minneapolis  
Vicksburg  
Kansas  City.  
St.  Louis  

Springfield 

43 
15 
41 
360 
107 
91 
344 
332 
214 
288 
177 
322 
139 
1 

2 

2 

258 
21 
15 
175 
171 
10 
122 
69 
81 
12 

Havre  
Lincoln  

Omaha 

94 



22 

Winnemucca.... 
Concord  
Altantic  City-- 
Santa Fe  
Albany  
Buffalo  

76 

68 
8 
30 

1 
41 

4 

New  York 

Raleigh  

Wilmington  
Bismark  
Cincinnati  
Cleveland 

326 

71 
220 
93 
3 

412 
251 

77 

55 

5 

207 
10 
47 
15 

6 

Columbus  
Oklahoma  City 
Baker  

192 
80 

12  27 

270 
100 
3 

Portland  

Philadelphia.  _„. 
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TABLE  3.   DEGREE-DAYS  FOR  CITIES  IN  THE  UNITED  STATES  AND  CANADA**  (CONCLUDED) 


STATE 

CITY 

JAN. 

FEB. 

MAR. 

APR. 

MAT 

JUNE  I  JULY 

AUG. 

SEPT. 

OCT. 

NOT. 

DEC. 

Total 

Pa  
S.  C  

S.  D..« 
Tenn... 

Texas.. 

Utah.,, 
Vt  

Pittsburgh  
Charleston  

1063 
468 
589 
1665 
1333 
812 
747 
818 
620 
608 
381 
394 
1187 
1110 
1432 
852 
756 
840 
790 
1162 
1073 
1008 
1528 
1516 
1376 
1224 
1448 

916 
353 
470 
1420 
1165 
647 
580 
655 
448 
468 
255 
269 
952 
874 
1277 
692 
624 
711 
669 
944 
935 
862 
1333 
1282 
1182 
1056^ 
1190 

787 
236 
304 
1119 
1004 
505 
394 
490 
285 
226 
56 
70 
831 
722 
1113 
549 
521 
552 
623 
784 
775 
688 
1128 
1038 
1020 
989 
1011 

414 
37 
63 
597 
621 
210 
98 
180 
59 
25 

91 

i 

15 

288 
8 
54 
536 
512 
160 
76 
130 
72 
24 

654 
207 
330 
1005 
873 
513 
399 
480 
369 
285 
122 
138 
858 
717 
861 
534 
408 
501 
582 
795 
741 
636 
930 
894 
831 
906 
1041 

955 
412 
552 
1435 
1181 
766 
663 
744 
623 
542 
329 
350 
1114 
1026 
1259 
790 
679 
781 
722 
1071 
1001 
924 
1324 
1324 
1206 
1132 
1383 

5183 
1721 
2362 
8174 
7219 
3621 
2957 
3500 
2476 
2178 
1143 
1221 
6637 
5601 
7508 
3860 
3342 
3819 
5107 
6312 
5659 
4807 
7896 
7309 
7152 
7503 
8277 

j 

Columbia 

Huron._  

267 

341 

18 

112 
140 

Rapid  City  _. 
Knoxville  

49 

Memphis  

j 

Nashville  

3 

El  Paso-  

i 

Fort  Worth  
Houston  
San  Antonio  
Modena  

i    j 

570  356 
462  236 
65l!  264 
2311   9 
246   19 
252   15 
468  326 
498  294 
486  ISO 
348  55 
654  313 
534  177 
636  33S 
723,  456 
678i  428 

62 

150 
54 
140 
1 

527 
388 
490 
202 
89 
167 
422 
518 
394 
276 
512 
456 
431 
626 
666 

Salt  Lake  City- 
Burlington  

12 

211 

Va  

Wash,. 
W.  Va. 
Wis  

Wyo... 

Lynchburg  .  . 

) 

Norfolk.  

Richmond 

Seattle  

180:  59 
72 

59 

207 
174 
71 
10 
139 
87 
80 
240 
279 

Spokane  

Elkins  -. 

3 

Parkersburg  
Green  Bay  

LaCrosse.  .. 

35  

li 

Milwaukee 

52  
138  

""13 
18 

Cheyenne  
Lander 

135  

! 

PRO- 
VINCE 

CITY 

JAN. 

FEB. 

MAR. 

APS. 

MAY 

JUNE 

JULY 

AUG. 

SEPT. 

OCT. 

Nov. 

DEC. 

TOTAL 

Alta._. 

B.  C... 
Man... 
N.  B... 
N.  S... 
Ont.._. 

P.E.I. 
Que.._. 

Sask.,. 

Calgary  
Edmonton  
Vancouver.  
Winnipeg—  
Moncton  

1674 
1829 
899 
2139 
1519 
1302 
1674 
1829 
1333 
1178 
1581 
1705 
2108 

1428 
1512 
756 
1820 
1428 
1176 
1484 
1624 
1204 
1120 
1428 
1484 
1820 

1240 
1302 

713 
1581 
1178 
1085 
1271 
1426 
1209 
1209 
1209 
1333 
1581 

750 
720 
510 
810 
810 
780 
690 
900 
720 
870 
720 
870 
810 

496 
434 
341 
465 
465 
496 
279 
558 
372 
529 
310 
434 
465 

270 
270 
180 
.90 
210 
210 
30 
240 
60 
210 

124 
124 
62 

...... 

186 
186 
31 
62 
93 

450 
450 
270 
270 
300 
210 
210 
360 
180 
600 
180 
270 
450 

744 
713 
496 
744 
620 
496 
589 
713 
558 
558 
558 
651 
806 

1170 
1230 
660 
1320 
930 
780 
990 
1140 
870 
870 
960 
1050 
1290 

1395 
1519 
837 
1829 
1333 
1147 
1457 
1550 
1209 
1240 
1395 
1519 
1736 

9,927 

10,289 
5,555 
11,130 
8,886 
7,682 
8,676 
10,588 
7,715 
8,382 
8,341 
9,467 
11,493 

Halifax...  
Ottawa. 

Port  Arthur...... 
Toronto  
Charlottetown 
Montreal  
Quebec,  

62 

86 

120 
210 

"62 

31 

155 

Saskatoon  

aFigures  for  United  States  cities  taken  from  Degree-Day  Normals  over  the  United  States,  by  A.  G. 
Topil  (Monthly  Weather  Review,  U.  S.  Weather  Bureau,  July,  1937,  p.  266).  Figures  for  Canadian  Cities 
abstracted  from  Heating  &•  Ventilating,  October,  1939.. 

Estimating  Gas  Consumption 

Values  of  the  Unit  Fuel  Consumption  Constant  (U)  for  gas  are  given 
in  Table  4  for  various  gas  heating  values,  and  different  types  and  sizes  of 
heating  plants.  They  are  based  on  an  inside  design  temperature  of  70  F  and 
an  outside  design  temperature  of  0  F  and  apply  only  to  these  conditions. 
For  other  design  conditions  corrections  must  be  made  as  given  in  Table  5. 
Estimates  for  industrial  buildings  where  low  inside  temperatures  are 
maintained  cannot  be  made  from  this  table. 

215 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


The  factors  in  Table  4,  as  corrected  if  necessary,  are  satisfactory  for 
regions  having  3500  to  6500  degree-days  per  heating  season.  In  regions 
with  less  than  3500  degree-days  the  unit  gas  consumption  is  higher  than 
given;  where  over  6500,  the  unit  is  less  than  given.  Ten  per  cent  addition 
or  deduction  in  these  cases  is  recommended  by  AGA  publications. 

For  gas  heating  values  other  than  those  given  in  Table  4,  simply  inter- 
polate or  extrapolate.  It  will  also  be  noted  that  Table  4  applies  only  to 
small  installations.  In  general  the  larger  the  installation  the  smaller  the 
unit  gas  consumption  becomes  and  the  values  in  the  table  should  be  used 
with  care,  if  at  all,  in  large  gas-burning  installations. 

Example  7.  Make  an  estimate  of  the  gas  required  to  heat  a  building  located  in 
Chicago,  111.,  assuming  that  the  calculated  heating  surface  requirements  are  1000  sq  ft 
of  hot  water  radiation  based  on  design  temperature  of  0  F  and  70  F.  Chicago  has  800  Btu 
mixed  gas,  and  6027  degree-days. 

Solution.  Using  Equation  3  and  Table  4,  the  fuel  consumption  for  a  design  tem- 
perature of  0  F  with  800  Btu  gas  is  found  to  be  0.085  cu  ft  of  gas  per  degree-day  per 
square  foot  of  hot  water  radiation. 

0.085  X  1000  X  6027  -  512,295  cu  ft. 

Estimating  Oil  Consumption 

Unit  fuel  consumption  factors  for  oil,  similar  to  those  for  gas  In  Table  4 
are  given  in  Table  6.  The  factors  in  Table  6  apply  only  to  an  inside  design 

TABLE  4.    FACTORS  FOR  ESTIMATING  GAS  CONSUMPTION** 


BTD  VALUE 
OP  GAB 
PER  Cu  FT 

HOT  WATER 

STEAM 

WARM  AIR 

Cu  Ft  Gas  per  Degree-Day 
per  Sq  Ft  Radiator 

Cu  Ft  Gas  per  Degree-Day 
per  Sq  Ft  Radiator 

Cu  Ft  Gas  per  Degree-Day 
per  1000  Btu  Hourly 
Design  Heat  LOBS 

Up  to 
SCO 
SqFt 

500  to 
1200 

SqFt 

Over 
1200 
SqFt 

Up  to 
500 

SqFt 

300  to 
700 
SqFt 

Over 

700 

SqFt 

Gravity 

Fan  Systems 

500 
535 
800 
1000 

0.142 

0.132 
0.089 
0.071 

0.135 
0.126 
0.085 
0.068 

0.128 
0.120 
0.081 
0.065 

0.242 
0.226 

0.151 
0.121 

0.231 

0.215 
0.144 
0.115 

0.220 
0.206 
0.137 
0.110 

0.855 
0.800 
0.534 
0.428 

0.820 
0.766 
0.513 
0.410 

1  Therm 

100,000 
Btu 

Gas  Consumption  in  Therms  per  Degree-  Day 

0.000708 

0.000675 

0.000642 

0.00121 

0.00115 

0.00110 

0.00428 

0.00409 

•Abstracted  from  Comfort  Heating,  American  Gas  Association,  1938. 

TABLE  5.    CORRECTION  FACTORS  FOR  OUTSIDE  DESIGN  TEMPERATURES 


OUTSIDE  DESIGN  TEMP.  DEG  F 

INSIDE  DESIGN  TEMP.  DEG  F 

MULTIPLY  VALUES  IN  TABLES  4,  6  AND  7  BT 

-20 

70 

0.778 

-10 

70 

0.875 

0 

70 

0.000 

+10 

70 

1.167 

+20 

70 

1.400 
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temperature  of  70  F  and  an  outside  design  temperature  of  0  F.  For  other 
outside  design  temperatures,  the  constants  in  Table  6  must  be  multiplied 
by  the  values  in  Table  5  as  explained  under  Estimating  Gas  Consumption. 
Table  6  assumes  the  use  of  oil  with  a  heating  value  of  140,000  Btu  per 
gallon.  For  other  heating  values,  multiply  the  values  in  Table  6  by  the 
ratio  of  140,000  divided  by  the  heating  value  per  gallon  of  fuel  being  used. 

Example  8.  What  would  be  the  estimated  seasonal  oil  consumption  of  a  boiler- 
burner  unit  in  Minneapolis  of  a  building  having  a  calculated  heat  loss  of  192,000  Btu  per 
hour,  burning  144,000  Btu  per  gallon  oil  and  operating  at  a  seasonal  efficiency  of  60 
per  cent,  if  the  outside  design  temperature  for  Minneapolis  is  —20  F,  and  the  inside 
design  temperature  is  70  F? 

Solution.  From  Table  6,  under  60  per  cent  efficiency  and  opposite  the  bottom  column, 
find  the  uncorrected  U  to  be  0.00476  gal  per  1000  Btu  hourly  heat  loss. 

From  Table  5,  the  correction  multiplier  for  —  20  F  outside  design  temperature  is 
0.778.  Solving,  0.778  X  0.00476  =  0.00370.  Making  a  further  correction  for  the 
heating  value: 

140  000 
0.0037  X  i  ,,'          =  0.0036  gal  per  1000  Btu  per  hour  calculated  heat  loss  per  degree- 

144, LMJU 

day. 

From  Table  3,  the  average  degree-days  for  Minneapolis  number  7883,  and  from  the 
problem  N  =  192.  Substituting  in  Equation  3: 

F  -  0.0036  X  7883  X  192  =  5449  gal. 
TABLE  6.    UNIT  FUEL  CONSUMPTION  CONSTANTS  FOR  OiLb 


UNIT 

EFFICIENCY  m  PEE  CENT 

40 

so 

60 

70 

80 

Gal  Oil  per  Sq  Ft  Steam  Radiator.. 

0.00172 

0.00137 

0.00114 

0.00098 

0.00086 

Gal  Oil  per  Sq  Ft  Hot  Water 
Radiator                               .  

0.00108 

0.00086 

0.00072 

0.00062 

0.00054 

Gal  Oil  per  1000  Btu  per  Hour 
Heat  Loss  

0.00715 

0.00571 

0.00476 

0.00409 

0.00358 

ftBased  on  a  heating  value  of  140,000  Btu  per  gallon. 

bAbstracted  by  permission  from  Degree-Day  Handbook  (Second  Edition,  1937),  by  C.  Strock  and 
C.  H.  B.  Hotchkiss. 

TABLE  7.    UNIT  FUEL  CONSUMPTION**  CONSTANTS  FOR  CoALb 


UNIT 

EFFIC 

IENCY  IN  PEE 

CENT 

40 

50 

60 

70 

so 

Lb  Coal  per  Sq  Ft  Steam  Radiator.. 

0.0200 

0.0160 

0.0133 

0.0114 

0.0100 

Lb   Coal   per  Sq  Ft   Hot  Water 
Radiator                             

0.0125 

0.0100 

0.0084 

0.0072 

0.0063 

Lb  Coal  per  1000  Btu  per  Hour 
Heat  Loss  

0.0825 

0.0666 

0.0550 

0.0471 

0.0412 

a  Based  on  a  heating  value  of  12,000  Btu  per  pound. 

bAbstracted  by  permission  from  Degree-Day  Handbook,  (Second  Edition,  1937),  by  C.  Strock  and 
C.  H.  B.  Hotchkiss. 
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Estimating  Coal  or  Coke  Consumption 

Coal  or  coke  consumption  estimates  can  be  made  in  exactly  the  same 
way  as  for  oil.  The  unconnected  values  of  U  are  given  in  Table  7.  These 
constants  apply  only  to  inside  design  temperatures  of  70  F  and  an  outside 
design  temperature  of  0  F,  and  correction  must  be  made  for  other  con- 
ditions by  use  of  the  multiplying  factors  in  Table  5.  Table  7  is  based  on 
12,000  Btu  per  pound  coal  and  for  other  heating  values  of  coal,  values  in 
Table  7  must  be  multiplied  by  the  ratio  of  12,000  divided  by  the  heating 
value  of  fuel  used. 

Example  9.  A  building  in  Marquette,  Mich.,  has  an  hourly  heat  loss  at  design  con- 
ditions of  240,000  Btu  per  hour.  If  the  inside  design  temperature  is  to  be  70  F  and  the 
outside  design  temperature  is  —10  F,  what  will  be  the  estimated  normal  seasonal  coal 
consumption  for  heating  if  12,000  Btu  per  pound  fuel  is  burned  at  a  50  per  cent  seasonal 
efficiency,  and  what  part  of  the  total  will  be  used  during  November,  December,  and 
January? 

Solution.  From  Table  7,  U  uncorrected,  is  0.0666  Ib  of  coal  per  1000  Btu  per  hour 
heat  loss.  Correcting  for  the  outside  design  temperature,  Table  5,  the  corrected  value  of 
U  is  0.875  X  0.0666  =  0.0583.  From  Table  3,  D  is  8721  and  from  the  problem  N  is  240. 

Substituting  in  Equation  3: 

F  =  0.0583  X  240  X  8721  -  122,024  Ib. 

Fuel  used  over  any  period  is,  according  to  the  theory  of  the  degree-day,  proportional  to 
the  number  of  degree-days  during  the  period.  From  Table  3,  the  average  number  of 
degree-days  for  November,  December,  and  January  in  Marquette  are  951,  1314,  and 
1510,  a  total  of  3775.  The  yearly  total  is  8721,  so  that  during  these  three  months  the 
estimated  consumption  is: 

QK 

X  122,024  -  52,820  Ib. 

Estimating  Steam  Consumption 

In  estimating  steam  consumption  the  efficiency  is  not  ordinarily  a 
factor  and  is  assumed  at  100  per  cent.  Ordinarily  low  pressure  steam 
with  a  heating  value  of  1000  Btu  per  pound  is  used  so  that  no  correction 
is  necessary  for  heating  value  in  the  usual  case.  In  comparing  values 
from  different  cities,  correction  should  be  made  for  design  temperature 
(see  Table  5)  when  the  unit  figures  are  in  terms  of  square  foot  of  radiator 
or  1000  Btu  per  hour  calculated  heat  loss,  but  not  when  the  values  are  in 
terms  of  building  volume  or  floor  space. 

Consideration  has  been  given  to  the  difference  in  steam  utilization  of 
different  types  of  buildings  and  Table  84  shows  actual  average  units  for 
these  various  types.  These  figures  are  obtained  from  operating  results  in 
196  buildings  located  in  21  different  cities  in  the  United  States.  Being 
averages,  and  for  small  groups  in  each  type,  the  figures  may  need  con- 
siderable modification  to  allow  for  local  variations.  It  should  be  especially 
noted  that  the  steam  used  for  heating  hot  water  is  included  in  the  values 
given  in  Table  8,  but  in  the  case  of  office  buildings,  the  steam  for  heating 
only  is  also  shown.  Presentation  of  the  unit  consumption  in  three  ways 
permits  making  the  estimate  if  either  the  calculated  heat  loss  or  the 
volume  of  net  heated  space  in  the  building  is  known. 


*The  Heat  Requirements  of  Buildings,  by  J.  H.  Walker  and  G.  H.  Tuttle  (A.S.H.V.E.  TRANSACTIONS, 
Vol.41,  1935,  p.  171). 
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TABLE  8.    STEAM  CONSUMPTION  FOR  VARIOUS  CLASSES  OF  BUILDINGS'* 
(Heating  Season  Only) 


BUILDING  CLASSIFICATION 

No.  OF 

BUILDINGS 
LISTED 

STEAM  CONSUMPTION 
POUNDS  PEE  DEGREE-DAT  —  65  F  BASIS*! 

Per  M  Cu  Ft 
of  Heated 
Space 

Per  M  Sq  Ft 
of  Radiatorc 
Surface 

Per  M  Btu 
_per  Hr  of 
HeatLossb 

Apartments 

16 
10 
12 
7 
10 
18 
6 
16 
7 
8 
6 
14 
6 
35 
35 

1.78 
1.46 
1.32 
1.25 
0.96 
0.90 
0.90 
0.89 
0.88 
0.83 
0.58 
0.57 
0.42 
1.09 
0.975 

97.5 
80.6 
64.2 
105.5 
77.0 
80.6 
75.0 
72.3 
45.2 
62.2 
49.4 
60.7 
72.3 
70.0 
65.4 

0.359 
0.371 

Hotels     .  .  .. 

Residences 

Printing.. 

Clubs  and  Lodges  

Retail  Stores 

0.268 
0.498 
0.283 

Theaters  .     ..    . 

Loft  and  Mfg. 

Banks 

Auto  Sales  and  Service  

Churches. 

Department  Stores,,.  

0.238 

Garages  (Storage)  e.  -  

Offices  (Total).  „  

0.283 
0.256 

Offices  (Heating  only)  

^Includes  steam  for  heating  domestic  water  for  heating  season  only. 

bHeat  loss  calculated  for  maximum  design  condition  (in  most  cases  70  F  inside,  zero  outside). 

cEciuivalent  steam  radiator  surface. 

dThe  figures  are  a  numerical — not  a  weighted — average  for  the  several  buildings  in  each  class. 

eBased  on  zero  consumption  at  55  F. 

Example  10.  A  store  in  Detroit  with  a  heating  system  designed  to  maintain  70  F 
inside  in  0  F  weather  has  1700  sq  ft  of  equivalent  direct  steam  radiator  surface,  and  uses 
only  moderate  quantities  of  hot  water.  What  would  be  the  estimated  average  yearly 
steam  consumption  of  purchased  steam  for  heating  and  for  hot  water  during  the  heating 
season? 

Solution.  According  to  Table  8,  a  store  (0  to  70  F  conditions)  would  use  80.6  lb  of 
steam  per  thousand  square  feet  of  radiation  per  degree-day,  including  winter  hot  water. 
From  Table  3,  Detroit  has  6460  degree-days  per  normal  year.  Inserting  in  Equation  3 : 

F  =  80.6  X  1.7  X  6460  =  885,149  lb  of  steam. 


TABLE  9.    BUILDING  LOAD  FACTORS  AND  DEMANDS  OF  SOME  DETROIT  BUILDINGS'* 


BUILDING  CLASSIFICATION 

LOAD  FACTOR 

LB  OF  DEMAND  PER  HB 
PER  SQ  FT  OP  EQUIVALENT 
INSTALLED  RADIATOR  SURFACE 

Clubs  and  Lodges  

0.318 

0.184 

Hotels  

0.316 

0  .  207 

Printing  

0.287 

0  217 

Offices 

0.263 

0  209 

Apartments    .. 

0.255 

0  225 

Retail  Stores 

0.238 

0  182 

Auto  Sales  and  Service 

0.223 

0  24  S 

Banks 

0.203 

0  158 

Churches 

0.158 

0  152 

Department  Stores 

0.138 

0.145 

Theaters 

0.126 

0  151 

aReport  of  Commercial  Relations  Committee,  Proceedings,  National  District  Healing  Association,  1032. 
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MAXIMUM  DEMANDS  AND  LOAD  FACTORS 

In  one  form  of  district  heating  rates,  a  portion  of  the  charge  is  based 
upon  the  maximum  demand  of  the  building.  The  maximum  demand  may 
be  measured  in  several  different  ways.  It  may  be  taken  as  the  instan- 
taneous peak  or  as  the  rate  of  use  during  any  specified  interval.  One 
method  is  to  take  the  average  of  the  three  highest  hours  during  the 
winter.  These  figures  are  available  for  a  number  of  buildings  in  Detroit, 
as  shown  in  Table  9. 

These  maximum  demands  were  measured  by  an  attachment  on  the 
condensation  meter  and  therefore  represent  the  amounts  of  condensation 
passed  through  the  meter  in  the  highest  hours,  rather  than  the  true  rate 
at  which  steam  is  supplied.  There  might  be  slight  differences  in  these 
two  quantities  due  to  time  lag  and  to  storage  of  condensate  in  the  system, 
but  wherever  this  has  been  investigated  it  has  been  found  to  be  negligible. 

The  load  factor  of  a  building  is  the  ratio  of  the  average  load  to  the 
maximum  load  and  is  an  index  of  the  utilization  habits.  Thus,  in  Table  9, 
the  theaters,  operating  for  short  hours,  have  a  load  factor  of  0,126  as 
compared  with  the  figure  of  0.318  for  clubs  and  lodges. 

SEASONAL  EFFICIENCY 

The  task  of  predicting  fuel  consumption  within  reasonably  accurate 
limits  is  a  simple  one  where  sufficient  experience  data  are  available  for 
the  fuel  in  question.  Such  data  can  be  analyzed  to  the  point  where 
average  unit  factors  can  be  determined  and  expressed  in  such  terms  as, 
for  example,  average  gallons  of  oil  actually  burned  per  square  foot  of 
calculated  steam  radiator  surface  per  degree-day.  The  unit  U  can  be 
inserted  directly  in  Equation  3  without  reference  to  efficiency.  Such 
experience  factors  are  available  for  gas  (see  Table  4)  and  for  district 
steam  (Table  8),  but  not  for  coal  or  oil. 

Since  values  of  U  are  not  available  for  oil  or  coal,  an  assumed  seasonal 
efficiency  E  must  be  used.  Selection  of  a  value  for  this  E  must  be  made 
with  caution,  for  its  use  implies  a  meaning  not  commonly  associated  with 
the  word  efficiency  and  consequently  is  frequently  misleading. 

The  input  of  heat  to  a  building  consists  not  only  of  the  energy  in  the 
fuel  but  that  from  occupants,  the  sun,  appliances,  processes,  and  all 
other  sources.  In  many  cases  these  make  up,  over  a  period,  an  important 
percentage  of  the  total  heat  required,  and  if  they  are  not  taken  into 
account  a  calculation  of  efficiency  can  show  a  figure  over  100  per  cent. 

For  this  and  other  reasons  the  actual  seasonal  efficiency  is  a  difficult 
thing  to  determine.  Published  data  are  widely  scattered  and  insufficient. 
From  the  available  published  material  it  is  found  that  the  seasonal  effi- 
ciency varies  over  a  wide  range,  depending  on  the  fuel  used,  and  it 
varies  widely  even  for  a  given  fuel.  For  example,  in  a  recent  survey  of 
30  houses  in  one  locality  there  was  found  a  variation  of  from  45  to  75 
per  cent  in  the  utilization  efficiency  depending  on  the  fuel5. 


6Heat  Losses  and  Efficiencies  of  Fuels  in  Residential  Heating,  by  R.  A.  Sherman  and  R.  C.  Cross, 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  43,  1937,  p.  185). 
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Chapter  11 

HEATING  BOILERS 

Cast-Iron  Boilers,  Steel  Boilers,  Special  Heating  Boilers, 
Gas-Fired  Boilers,  Hot  Water  Supply  Boilers,  Furnace  Design, 
Heating  Surface,  Testing  and  Rating  Codes,  Output  Efficiency, 
Selection  of  Boilers,  Connections  and  Fittings,  Erection,  Oper- 
ation and  Maintenance,  Boiler  Insulation 

STEAM  and  hot  water  boilers  for  low  pressure  heating  work  are  built  in 
a  wide  variety  of  types,  many  of  which  are  illustrated  in  the  Catalog 
Data  Section,  and  are  classified  as  (1)  cast-iron  sectional,  (2)  steel  fire 
tube,  (3)  steel  water  tube,  and  (4)  special. 

CAST-IRON  BOILERS 

Cast-iron  boilers  usually  fall  into  one  of  two  general  classifications 
(1)  rectangular  pattern  with  vertical  sections  and  rectangular  grate 
commonly  known  as  sectional  boilers,  (2)  round  pattern  with  horizontal 
pancake  sections  and  circular  grates  commonly  known  as  round  boilers. 
A  few  boilers  of  the  sectional  type  use  outside  header  construction  where 
each  section  is  independent  of  the  other  and  the  water  and  steam  con- 
nections are  made  externally  through  these  headers.  The  majority  of 
boilers,  however,  both  sectional  and  round,  are  assembled  with  push 
nipples  and  tie  rods  at  the  top  and  bottom  of  the  sections  in  which  case 
water  and  steam  connections  are  internal.  The  present  trend  in  design 
of  sectional  boilers  is  to  use  a  large  top  push  nipple  so  that  in  a  steam  boiler 
the  water  line  may  be  carried  through  the  top  push  nipple  thereby  per- 
mitting circulation  of  water  between  adjacent  sections  at  both  the  top 
and  bottom  of  the  water  content  of  the  boiler.  The  primary  purpose  of 
this  construction  is  to  eliminate  the  necessity  of  connecting  the  sections 
below  the  water  line  with  an  external  header  to  permit  circulation  of  the 
water  from  one  section  to  the  other  which  is  necessary  in  the  case  of  a 
steam  boiler  equipped  with  an  indirect  water  heater  for  summer- winter 
hot  water  supply. 

Round  and  sectional  boilers  may  be  increased  in  size  by  the  addition 
of  sections  which  in  the  case  of  sectional  boilers  also  increases  the  grate 
area.  The  grate  area  of  round  boilers  remains  the  same  as  additional 
sections  are  added. 

Cast-iron  boilers  are  usually  shipped  knocked  down.  This  facilitates 
handling  at  the  place  of  installation  where  assembly  is  made  in  that 
separate  sections  can  be  taken  into  or  out  of  basements  and  other  places 
more  or  less  inaccessible  after  the  building  is  constructed.  This  feature 
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is  of  importance  in  the  original  installation  of  the  boiler  and  also  in  making 
repairs  to  or  replacing  a  damaged  boiler  at  a  later  date. 

Cast-iron  boilers  may  be  designed  to  burn  efficiently  one  kind  of  fuel 
only  or  various  kinds  of  fuel.  Practical  combustion  rates  for  coal-fired 
boilers  are  given  in  Table  1.  Many  recent  designs  of  oil  burning  boilers 
have  been  designed  exclusively  for  oil  fuel  and  in  some  cases  for  both  oil 
and  gas.  The  present  trend  in  the  design  of  boilers  for  hand  firing  is, 
however,  to  design  them  so  they  will  be  suitable  for  ready  conversion  to 
and  efficient  operation  with  oil  and  stoker  firing  even  after  the  boiler 
has  been  installed  and  has  been  operating  for  a  period  of  time  on  one  type 
of  fuel. 

TABLE  1.    PRACTICAL  COMBUSTION  RATES  FOR  COAL-FIRED  HEATING  BOILERS  OPER- 
ATING AT  MAXIMUM  LOAD  ON  NATURAL  DRAFT  OF  FROM  Y%  IN.  TO  H  IN.  WATER* 


KIND  OF  COAL 

SQ  FT  GRATE 

LB  OF  COAL  PER  SQ  FT 
GRATE  PER  HOUR 

No.  1  Buckwheat  Anthracite 

Up  to  4 
5  to  9 
10  to  14 
15  to  19 
20  to  25 

3 

3H 

4 

4M 
5 

Anthracite  Pea 

Up  to  9 
10  to  19 
20  to  25 

5 

5* 

Anthracite  Nut  and  Larger 

Up  to  4 
5  to  9 
10  to  14 
15  to  19 
20  to  25 

8 
9 
10 
11 
13 

Bituminous 

Up  to  4 
5  to  14 
15  and  above 

9.5 
12 
15.5 

aSteel  boilers  usually  have  higher  combustion  rates  for  grate  areas  exceeding  15  sq  ft  than  those  indicated 
in  this  table. 

Capacities  of  cast-iron  boilers  range  from  that  required  for  small 
residences  up  to  about  18,000  sq  ft  of  radiation.  For  larger  loads  boilers 
must  be  installed  in  multiple.  The  maximum  allowable  working  pressure 
for  cast-iron  boilers  is  limited  by  the  A.S.M.E.  Code  to  15  Ib  per  square 
inch  for  steam  boilers.  Hot  water  boilers  are  usually  limited  to  30  Ib 
per  square  inch  maximum  working  pressure  but  may  be  designed  for 
higher  pressures  where  required  for  heating  purposes  or  for  hot  water 
supply  where  the  boiler  must  withstand  high  local  water  pressures. 

STEEL  BOILERS 

Steel  heating  boilers  may  be  classified  according  to  (a)  position  of 
combustion  gas  with  respect  to  tube  surface,  (b)  arrangement  and  con- 
struction of  furnaces,  and  (c)  type  of  fuel  and  method  of  firing. 

Fire  tube  boilers  are  those  in  which  the  gases  of  combustion  pass 
through  the  tubes  and  the  boiler  water  circulates  around  them.  In  water 
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tube  boilers,  the  gases  circulate  around  the  tubes  and  the  water  passes 
through  them. 

Steel  heating  boilers  may  be  furnished  with  integral  water  jacketed 
furnaces  or  arranged  for  refractory  lined  brick  or  refractory  lined  jacketed 
furnaces.  Those  with  integral  water  jacketed  furnaces  are  called  portable 
firebox  boilers  and  are  the  most  commonly  used  type.  They  may  be 
either  fire  tube  or  water  tube  and  are  furnished  for  any  fuel  and  method 
of  firing  used  in  heating  boiler  practice.  They  are  usually  shipped  from 
the  factory  in  one  piece,  ready  for  piping.  Bridge-walls  and  smoke- 
less furnace  parts  are  shipped  in  place  when  furnished.  Boilers  with 
refractory  lined  furnaces  may  be  either  fire  tube  or  water  tube.  They 
also  may  be  arranged  for  any  fuel  or  method  of  firing.  Refractory 
furnaces  are  usually  installed  in  such  boilers  after  they  are  set. 

SPECIAL  HEATING  BOILERS 

A  special  type  of  boiler,  known  as  the  magazine  feed  boiler,  has  been 
developed  for  the  burning  of  small  sizes  of  anthracite  and  coke.  These 
are  built  of  both  cast-iron  and  steel,  and  have  a  large  fuel  carrying  capa- 
city which  results  in  longer  firing  periods  than  would  be  the  case  with  the 
standard  types  using  buckwheat  sizes  of  coal.  Special  attention  must  be 
given  to  insure  adequate  draft  and  proper  chimney  sizes  and  connections. 

Oil-burner  boiler  units,  in  which  a  special  boiler  has  been  designed  with 
a  furnace  shaped  to  meet  the  general  requirements  of  oil  burners,  or  are 
specially  adapted  to  one  particular  burner,  have  been  developed  by  a 
number  of  manufacturers.  These  usually  are  compact  units  with  the 
burner  and  all  controls  enclosed  within  an  insulated  steel  jacket.  Ample 
furnace  volume  is  provided  for  efficient  combustion,  and  the  heating 
surfaces  are  proportioned  for  effective  heat  transfer.  Consequently, 
higher  efficiencies  are  obtainable  than  with  the  ordinary  coal-fired  boiler 
designed  primarily  for  hand  firing  and  converted  to  oil  firing. 

GAS-FIRED  BOILERS 

Gas  boilers  have  assumed  a  well-defined  individuality.  The  usual  boiler 
is  sectional  in  construction  with  a  number  of  independent  burners  placed 
beneath  the  sections.  In  most  boilers  each  section  has  its  own  burner.  In 
all  cases  the  sections  are  placed  quite  closely  together,  much  closer  than 
would  be  possible  when  burning  a  soot-forming  fuel.  The  effort  of  the 
designer  is  always  to  break  the  hot  gas  up  into  thin  streams,  so  that  all 
particles  of  the  heat-carrying  gases  can  come  as  close  as  possible  to  the 
heat-absorbing  surfaces.  Because  there  is  no  fuel  bed  resistance  and 
because  the  gas  company  supplies  the  motive  power  to  draw  in  the  air 
necessary  for  combustion  (in  the  form  of  the  initial  gas  pressure),  draft 
losses  through  gas  boilers  are  low.  (See  Chapter  9.) 

Most  gas-fired  boilers  carry  the  approval  of  the  American  Gas  Asso- 
ciation. In  order  to  obtain  this  approval  the  boilers  must  be  submitted 
to  the  American  Gas  Association  Testing  Laboratory  and  meet  the  Approval 
Requirements  for  Central  Heating  Gas  Appliances  issued  by  the  American 
Gas  Association.  The  boiler  ratings  must  be  such  that  they  meet  the 
limitations  as  set  forth  in  these  Approval  Requirements. 
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HOT  WATER  SUPPLY  BOILERS 

Boilers  for  hot  water  supply  are  classified  as  direct,  if  the  water  heated 
passes  through  the  boiler,  and  as  indirect,  if  the  water  heated  does  not 
come  in  contact  with  the  water  or  steam  in  the  boiler. 

Direct  heaters  are  built  to  operate  at  the  pressures  found  in  city  supply 
mains  and  are  tested  at  pressures  from  200  to  300  Ib  per  square  inch. 
The  life  of  direct  heaters  depends  almost  entirely  on  the  scale-making 
properties  of  the  water  supplied.  If  water  temperatures  are  maintained 
below  140  F  the  life  of  the  heater  will  be  much  longer  than  if  higher 
temperatures  are  used,  owing  to  decreased  scale  formation  and  minimized 
corrosion  below  140  F.  Direct  water  heaters  in  some  cases  are  designed 
to  burn  refuse  and  garbage. 

Indirect  heaters  generally  consist  of  steam  boilers  in  connection  with 
heat  exchangers  of  the  coil  or  tube  types  which  transmit  the  heat  from  the 
steam  to  the  water.  This  type  of  installation  has  the  following  advantages : 

1.  The  boiler  operates  at  low  pressure. 

2.  The  boiler  is  protected  from  scale  and  corrosion. 

3.  The  scale  is  formed  in  the  heat  exchanger  in  which  the  parts  to  which  the  scale 
is  attached  can  be  cleaned  or  replaced.    The  accumulation  of  scale  does  not  affect 
efficiency  although  it  will  affect  the  capacity  of  the  heat  exchanger. 

4.  Discoloration  of  water  may  be  prevented  if  the  water  supply  comes  in  contact 
with  only  non-ferrous  metal. 

Where  a  steam  heating  system  is  installed,  the  domestic  hot  water 
usually  is  obtained  from  an  indirect  heater  placed  below  the  water  line  of 
the  boiler.  Indirect  heaters  may  also  be  used  with  hot  water  heating 
systems  to  obtain  domestic  hot  water  and  should  be  located  as  high  as 
possible  with  respect  to  the  boiler  for  most  satisfactory  performance. 

FURNACE  DESIGN 

Good  efficiency  and  proper  boiler  performance  are  dependent  on  cor- 
rect furnace  design  embodying  sufficient  volume  for  burning  the  par- 
ticular fuel  at  hand,  which  requires  thorough  mixing  of  air  and  gases  at 
a  high  temperature  with  a  velocity  low  enough  to  permit  complete  com- 
bustion of  all  the  volatiles.  On  account  of  the  small  amount  of  volatiles 
contained  in  coke,  anthracite,  and  semi-bituminous  coal,  these  fuels  can 
be  burned  efficiently  with  less  furnace  volume  than  is  required  for  bi- 
tuminous coal,  the  combustion  space  being  proportioned  according  to  the 
amount  of  volatiles  present. 

Combustion  should  take  place  before  the  gases  are  cooled  by  the  boiler 
heating  surface,  and  the  volume  of  the  furnace  must  be  sufficient  for  this 
purpose.  The  furnace  temperature  must  be  maintained  sufficiently  high 
to  produce  complete  combustion,  thus  resulting  in  a  higher  C02  content 
and  the  absence  of  CO.  Hydrocarbon  gases  ignite  at  temperatures 
varying  from  1000  to  1500  F. 

The  question  of  furnace  proportions,  particularly  in  regard  to  mechani- 
cal stoker  installations,  has  been  given  some  consideration  by  various 
manufacturers'  associations.  Arbitrary  values  have  been  recommended 
for  minimum  dimensions.  A  customary  rule-of-thumb  method  of  figuring 
furnace  volumes  is  to  allow  1  cu  ft  of  space  for  a  maximum  heat  release 
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of  50,000  Btu  per  hour.  This  value  is  equivalent  to  allowing  approxi- 
mately 1  cu  ft  for  each  developed  horsepower,  and  it  is  approved  by 
most  smoke  prevention  organizations. 

The  setting  height  will  vary  with  the  type  of  stoker.  In  an  overfeed 
stoker,  for  instance,  all  the  volatiles  must  be  burned  in  the  combustion 
chamber  and,  therefore,  a  greater  distance  should  be  allowed  than  for  an 
underfeed  stoker  where  a  considerable  portion  of  the  gas  is  burned  while 
passing  through  the  incandescent  fuel  bed.  The  design  of  the  boiler  also 
may  affect  the  setting  height,  since  in  certain  types  the  gas  enters  the 
tubes  immediately  after  leaving  the  combustion  chamber,  while  in  others 
it  passes  over  a  bridge  wall  and  toward  the  rear,  thus  giving  a  better 
opportunity  for  combustion  by  obtaining  a  longer  travel  before  entering 
the  tubes. 

To  secure  suitable  furnace  volume,  especially  for  mechanical  stokers  or 
oil  burners,  it  often  is  necessary  either  to  pit  the  stoker  or  oil  burner,  or, 
where  water  line  conditions  and  headroom  permit,  to  raise  the  boiler  on  a 
brick  foundation  setting. 

Smokeless  combustion  of  the  more  volatile  bituminous  coals  is  furthered 
by  the  use  of  mechanical  stokers.  (See  Chapter  9.)  Smokeless  com- 
bustion in  hand-fired  boilers  burning  high  volatile  solid  fuel  is  aided  (1) 
by  the  use  of  double  grates  with  down-draft  through  the  upper  grate,  (2) 
by  the  use  of  a  curtain  section  through  which  preheated  auxiliary  air  is 
introduced  over  the  fire  toward  the  rear  of  the  boiler,  and  (3)  by  the  intro- 
duction of  preheated  air  through  passages  at  the  front  of  the  boiler.  All 
three  methods  depend  largely  on  mixing  secondary  air  with  the  partially 
burned  volatiles  and  causing  this  mixture  to  pass  over  an  incandescent 
fuel  bed,  thus  tending  to  secure  more  complete  combustion  than  is  pos- 
sible in  boilers  without  such  provision. 

HEATING  SURFACE 

Boiler  heating  surface  is  that  portion  of  the  surface  of  the  heat  transfer 
apparatus  in  contact  with  the  fluid  being  heated  on  one  side  and  the  gas  or 
refractory  being  cooled  on  the  other  side.  Heating  surface  on  which  the 
fire  shines  is  known  as  direct  or  radiant  surface  and  that  in  contact  with 
hot  gases  only,  as  indirect  or  convection  surface.  The  amount  of  heating 
surface,  its  distribution  and  the  temperatures  on  either  side  thereof 
influence  the  capacity  of  any  boiler. 

Direct  heating  surface  is  more  valuable  than  indirect  per  square  foot 
because  it  is  subjected  to  a  higher  temperature  and  also,  in  the  case  of 
solid  fuel,  because  it  is  in  position  to  receive  the  full  radiant  energy  of  the 
fuel  bed.  The  heat  transfer  capacity  of  a  radiant  heating  surface  may  be 
as  high  as  6  to  8  times  that  of  an  indirect  surface.  This  is  one  of  the 
reasons  why  the  water  legs  of  some  boilers  have  been  extended,  especially 
in  the  case  of  stoker  firing  where  the  extra  amount  of  combustion  chamber 
secured  by  an  extension  of  the  water  legs  is  important.  For  the  same 
reason,  care  should  be  exercised  in  building  a  refractory  combustion 
chamber  in  an  oil-burning  boiler  so  as  not  to  screen  any  more  of  this 
valuable  surface  with  refractories  than  is  necessary  for  good  combustion. 

The  effectiveness  of  the  heating  surface  depends  on  its  cleanliness,  its 
location  in  the  boiler,  and  the  shape  of  the  gas  passages.  The  area  of  the 
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gas  passages  must  not  be  so  small  as  to  cause  excessive  resistance  to  the 
flow  of  gases  where  natural  draft  is  employed.  Inserting  baffles  so  that 
the  heating  surface  is  arranged  in  series  with  respect  to  the  gas  flow 
increases  boiler  efficiency  and  reduces  stack  temperature  and  increases 
the  draft  loss  through  the  boiler. 

Heat  Transfer  Rates 

Practical  rates  of  heat  transfer  in  heating  boilers  will  average  about 
3300  Btu  per  square  foot  per  hour  for  hand-fired  boilers  and  4000  Btu  per 
square  foot  per  hour  for  mechanically  fired  boilers  when  operating  at 
design  load.  When  operating  at  maximum  load1  these  values  will  run  be- 
tween 5000  and  6000  Btu  per  square  foot  per  hour.  Boilers  operating 
under  favorable  conditions  at  the  above  heat  transfer  rates  will  give  exit 
gas  temperatures  that  are  considered  consistent  with  good  practice. 

TESTING  AND  RATING  CODES 

The  Society  has  adopted  four  solid  fuel  testing  codes,  a  solid  fuel 
rating  code  and  an  oil  fuel  testing  code.  A.S.H.V.E.  Standard  and  Short 
Form  Heat  Balance  Codes  for  Testing  Low-Pressure  Steam  Heating 
Solid  Fuel  Boilers — Codes  1  and  2 — (Revision  of  June  1929)2,  are  intended 
to  provide  a  method  for  conducting  and  reporting  tests  to  determine  heat 
efficiency  and  performance  characteristics.  A.S.H.V.E.  Performance 
Test  Code  for  Steam  Heating  Solid  Fuel  Boilers— Code  No.  3— (Edition  of 
1929)2  is  intended  for  use  with  A.S.H.V.E.  Code  for  Rating  Steam  Heating 
Solid  Fuel  Hand-Fired  Boilers3.  The  object  of  this  test  code  is  to  specify 
the  tests  to  be  conducted  and  to  provide  a  method  for  conducting  and 
reporting  tests  to  determine  the  efficiencies  and  performance  of  the  boiler. 
The  A.S.H.V.E.  Standard  Code  for  Testing  Steam  Heating  Boilers 
Burning  Oil  Fuel4  is  intended  to  provide  a  standard  method  for  con- 
ducting and  reporting  tests  to  determine  the  heating  efficiency  and  per- 
formance characteristics  when  oil  fuel  is  used  with  steam  heating  boilers. 
In  1938  the  Society  adopted  a  Standard  Code  for  Testing  Stoker-Fired 
Steam  Heating  Boilers5  which  is  intended  to  provide  a  test  method  for 
determining  the  efficiency  and  performance  characteristics  of  any  stoker 
or  boiler  combination  burning  any  type  of  solid  fuel  such  as  anthracite 
or  bituminous  coal. 

The  Steel  Heating  Boiler  Institute  has  adopted  a  method  for  the  rating 
of  low  pressure  boilers  based  on  their  physical  characteristics  and  ex- 
pressed in  square  feet  of  steam  or  water  radiation  or  in  Btu  per  hour  as 
given  in  Table  2.  The  detailed  requirements  of  this  code  were  outlined 
in  Chapter  13  of  THE  GUIDE  1939,  The  Institute  of  Boiler  and  Radiator 
Manufacturers  has  also  adopted  a  method  of  rating  cast-iron  heating 
boilers  based  upon  performance  obtained  under  tests.  This  code  became 
effective  August  1,  1939  for  sectional  boilers  of  20  in.  width  grate  or  less, 
but  the  Institute  intends  eventually  to  expand  the  code  to  apply  to  all 


JFor  definitions  of  design  load  and  maximum  load  see  page  228. 
2See  A.S.H.V.E.  TRANSACTIONS,  Vol.  35, 1929,  pp.  322  and  332. 
ssee  A.S.H.V.E.  TRANSACTIONS,  Vol.  36t  1930,  p.  42. 
<See  A.S.H.V.E.  TRANSACTIONS,  Vol.  37,  1931,  p.  23. 
«See  A.S.H.V.E.  TRANSACTIONS,  Vol.  44,  1938,  p.  366. 
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TABLE  2.    STEEL  HEATING  BOILER  STANDARD  RATINGS'* 


HAND-FIRED  RATING 


MECHANICALLY-FIRED  RATING 


Catalog 

Net  Load 

Catalog 

Net  Load 

TT       i." 

Pi*ota 

Furnace  Vol- 

Steam 
Radiation 

Water 
Radiation 

Btuper 
Hour  in 

Steam 
Radiation 

Heating 
Surface 
SqFt 

Pirate 

Area 
SqFt 

Steam 
Radiation 

Water 
Radiation 

Btuper 
Hour  in 

Steam 
Radiation 

ume,  Oil,  Gas 
or  Bituminous 
Coal  Cu  Ft 

SqFt 

SqFt 

Thou- 
sands 

SqFt 

SqFt 

SqFt 

Thousands 

SqFt 

1,800 

2,880 

432 

1,389 

129 

7.9 

2,190 

3,500 

525 

1,695 

15.7 

2,200 

3,520 

528 

1,702 

158 

8.9 

2,680 

4,280 

643 

2,089 

19.2 

2,600 

4,160 

624 

2,020 

186 

9.7 

3,160 

5,050 

758 

2,461 

22,6 

3,000 

4,800 

720 

2,335 

215 

10.5 

3,650 

5,840 

876 

2,853 

26.1 

3,500 

5,600 

840 

2,732 

250 

11.4 

4,250 

6,800 

1,020 

3,335 

30.4 

4,000 

6,400 

960 

3,135 

286 

12.2 

4,860 

7,770 

1,166 

3,830 

34.8 

4,500 

7,200 

1,080 

3,540 

322 

13.4 

5,470 

8,750 

1,312 

4,330 

39,1 

5,000 

8,000 

1,200 

3,945 

358 

14.5 

6,080 

9,720 

1,459 

4,834 

43.5 

6,000 

9,600 

1,440 

4,770 

429 

16.4 

7,290 

11,660 

1,749 

5,850 

52.1 

7,000 

11,200 

1,680 

5,608 

500 

18.1 

8,500 

13,600 

2,040 

6,885 

60.8 

8,500 

13,600 

2,040 

6,885 

608 

20.5 

10,330 

16,520 

2,479 

8,490 

73.8 

10,000 

16,000 

2,400 

8,197 

715 

22.5 

12,150 

19,440 

2,916 

10,125 

86.8 

12,500 

20,000 

3,000 

10,417 

893 

25.6 

15,180 

24,280 

3,643 

12,650 

108.5 

15,000 

24,000 

3,600 

12,500 

1,072 

28.4 

18,220 

29,150 

4,372 

15,183 

130.2 

17,500 

28,000 

4,200 

14,584 

1,250 

30.9 

21,250 

34,000 

5,100 

17,708 

151.8 

20,000 

32,000 

4,800 

16,667 

1,429 

33.2 

24,290 

38,860 

5,829 

20,242 

173.5 

25,000 

40,000 

6,000 

20,834 

1,786 

37.4 

30,360 

48,570 

7,286 

25,300 

216.9 

30,000 

48,000 

7,200 

25,000 

2,143 

41.2 

36,430 

58,280 

8,743 

30,359 

260.3 

35,000 

56,000 

8,400 

29,167 

2,500 

44.7 

42,500 

68,000 

10,200 

35,417 

303.6 

^Adopted  by  the  Steel  Heating  Boiler  Institute  in  cooperation  with  the  Bureau  of  Standards,  United  States 
Department  of  Commerce  Simplified  Practice  Recommendations  R  157-35. 

sizes  of  boilers.    Methods  of  testing  hand-fired  and  oil-fired  boilers  are 
specified  and  are  referred  to  as  IBR  testing  codes. 

BOILER  OUTPUT 

Boiler  output  as  defined  in  A.S.H.V.E.  Performance  Test  Code  for 
Steam  Heating  Solid  Fuel  Boilers  (Code  No.  3)  is  the  quantity  of  heat 
available  at  the  boiler  nozzle  with  the  boiler  normally  insulated.  It 
should  be  based  on  actual  tests  conducted  in  accordance  with  this  code, 
This  output  is  usually  stated  in  Btu  and  in  square  feet  of  equivalent  heat- 
ing surface  (radiation).  According  to  the  A.S.H.V.E.  Standard  Code  for 
Rating  Steam  Heating,  Solid  Fuel  Hand-Fired  Boilers,  the  performance 
data  should  be  given  in  tabular  or  curve  form  on  the  following  items  for  at 
least  five  outputs  ranging  from  maximum  down  to  35  per  cent  of  maxi- 
mum: (1)  fuel  available,  (2)  combustion  rate,  (3)  efficiency,  (4)  draft 
tension,  (5)  flue  gas  temperature.  The  only  definite  restriction  placed  on 
setting  the  maximum  output  is  that  priming  shall  not  exceed  2  per  cent. 
These  curves  provide  complete  data  regarding  the  performance  of  the 
boiler  under  test  conditions.  Certain  other  pertinent  information,  such  as 
grate  area,  heating  surface  and  chimney  dimensions  is  desirable  also  in 
forming  an  opinion  of  how  the  boiler  will  perform  in  actual  service. 

The  output  of  large  heating  boilers  is  frequently  stated  in  terms  of 
boiler  horsepower  instead  of  in  Btu  per  hour  or  square  feet  of  equivalent 
radiation. 
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BOILER  EFFICIENCY 

The  term  efficiency  as  used  for  guarantees  of  boiler  performance  is 
usually  construed  as  follows: 

1 .  Solid  Fuels.    The  efficiency  of  the  boiler  alone  is  the  ratio  of  the  heat  absorbed  by 
the  water  and  steam  in  the  boiler  per  pound  of  combustible  burned  on  the  grate  to  the 
calorific  value  of  1  Ib  of  combustible  as  fired.    The  combined  efficiency  of  boiler,  furnace 
and  grate  is  the  ratio  of  the  heat  absorbed  by  the  water  and  steam  in  the  boiler  per  pound 
of  fuel  as  fired  to  the  calorific  value  of  1  Ib  of  fuel  as  fired. 

2.  Liquid  and  Gaseous  Fuels.    The  combined  efficiency  of  boiler,  furnace  and  burner 
is  the  ratio  of  the  heat  absorbed  by  the  water  and  steam  in  the  boiler  per  pound  or  cubic 
foot  of  fuel  to  the  calorific  value  of  1  Ib  or  cubic  foot  of  fuel  respectively. 

Solid  fuel  boilers  usually  show  an  efficiency  of  50  to  75  per  cent  when 
operated  under  favorable  conditions  at  their  rated  capacities.  Infor- 
mation on  the  combined  efficiencies  of  boiler,  furnace  and  burner  has 
resulted  from  research  conducted  at  Yale  University  in  cooperation  with 
the  A.S.H.V.E.  Research  Laboratory  and  the  American  Oil  Burner 
Association** 

SELECTION  OF  BOILERS 

Estimated  Design  Load:  The  load,  stated  in  Btu  per  hour  or  equivalent 
direct  radiation,  as  estimated  by  the  purchaser  for  the  conditions  of  inside 
and  outside  temperature  for  which  the  amount  of  installed  radiation  was 
determined,  is  equivalent  to  the  sum  of  the  heat  emission  of  the  radiation 
to  be  actually  installed,  the  allowance  for  the  heat  loss  of  the  connecting 
piping,  and  the  heat  requirement  for  any  apparatus  requiring  heat  con- 
nected to  the  system. 

The  estimated  design  load  is  the  sum  of  the  following  three  items7: 

1.  The  estimated  heat  emission  in  Btu  per  hour  of  the  connected  radiation  (direct, 
indirect  or  central  fan)  to  be  installed. 

2.  The  estimated  maximum  heat  in  Btu  per  hour  required  to  supply  water  heaters 
or  other  apparatus  to  be  connected  to  the  boiler. 

3.  The  estimated  heat  emission  in  Btu  per  hour  of  the  piping  connecting  the  radiation 
and  other  apparatus  to  the  boiler. 

Estimated  Maximum  Load:  Construed  to  mean  the  load  stated  in  Btu 
per  hour  or  the  equivalent  direct  radiation  that  has  been  estimated  by 
the  purchaser  to  be  the  greatest  or  maximum  load  that  the  boiler  will  be 
called  upon  to  carry. 

The  estimated  maximum  load  is  given  by8 : 

4.  The  estimated  increase  in  the  normal  load  in  Btu  per  hour  due  to  starting  up  cold 
radiation.    This  percentage  of  increase  is  to  be  based  on  the  sum  of  Items  1,  2  and  3 
and  the  heating-up  factors  given  in  Table  3. 

Other  things  to  be  considered  are : 

5.  Efficiency  with  hard  or  soft  coal,  gas,  or  oil  firing,  as  the  case  may  be. 


•A.S.H.V.E.  RESEARCH  REPORT  No.  907 — Study  of  the  Characteristics  of  Oil  Burners  and  Heating 
Boilers,  by  L.  E.  Seeley  and  E.  J.  Tavanlar  (A.S.H.V.E.  TRANSACTIONS,  Vol.  37,  1931,  p.  517).  A.S.H.V.E. 
RESEARCH  REPORT  No.  925 — A  Study  of  Intermittent  Operation  of  Oil  Burners,  by  L.  E.  Seeley  and  J.  H. 
Powers  (A.S.H.V.E.  TRANSACTIONS,  Vol.  38,  1932,  p.  317). 

'A.S.H.V.E.  Code  of  Minimum  Requirements  for  the  Heating  and  Ventilation  of  Buildings  (Edition 
of  1929). 

*Loc.  Cit.  Note  7. 
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6.  Grate  area  with  hand-fired  coal,  or  fuel  burning  rate  with  stokers,  oil,  or  gas. 

7.  Combustion  space  in  the  furnace. 

8.  Type  of  heat  liberation,  whether  continuous  or  intermittent,  or  a  combination  of 
both. 

9.  Miscellaneous  items  consisting  of  draft  available,  character  of  attendance,  pos- 
sibility of  future  extension,  possibility  of  breakdown  and  headroom  in  the  boiler  room. 

Radiation  Load 

The  connected  radiation  (Item  1)  is  determined  by  calculating  the  heat 
losses  in  accordance  with  data  given  in  Chapters  3,  4  and  5,  and  dividing 
by  240  to  change  to  square  feet  of  equivalent  radiation  as  explained  in 
Chapter  12.  For  hot  water,  the  emission  commonly  used  is  150  Btu  per 
square  foot,  but  the  actual  emission  depends  on  the  temperature  of  the 
medium  in  the  heating  units  and  of  the  surrounding  air.  (See  Chapter  12.) 

Although  it  is  customary  to  use  the  actual  connected  load  in  equivalent 
square  feet  of  radiation  for  selecting  the  size  of  boiler,  this  connected  load 
usually  represents  a  reserve  in  heating  capacity  to  provide  for  infiltration 

TABLE  3.    WARMING-UP  ALLOWANCES  FOR  Low  PRESSURE  STEAM  AND 
HOT  WATER  HEATING  BOILERS*.  b,c 


DESIGN  LOAD  (REPRESENTING  SUMMATION  OF  ITEMS  1,  2,  AND  3,d 

PERCENTAGE  CAPACITY  TO  ADD 
FOB  WARMING  UP 

Btu  per  Hour 

Equivalent  Square  Feet  of  Radiation^ 

Up  to  100,000 
100,000  to  200,000 
200,000  to  600,000 
600,000  to  1,200,000 
1,200,000  to  1,800,000 
Above  1,800,000 

Up  to  420 
420  to  840 
840  to  2500 
2500  to  5000 
5000  to  7500 
Above  7500 

65 
60 
55 
50 
45 
40 

aThis  table  is  taken  from  the  A.S.H.V.E.  Code  of  Minimum  Requirements  for  the  Heating  and  Venti- 
lation of  Buildings,  except  that  the  second  column  has  been  added  for  convenience  in  interpreting  the  design 
load  in  terms  of  equivalent  square  feet  of  radiation. 

bSee  also  Time  Analysis  in  Starting  Heating  Apparatus,  by  Ralph  C.  Taggert  (A.S.H.V.E.  TRANSAC- 
TIONS, Vol.  19, 1913,  p.  292);  Report  of  A.S.H.V.E.  Continuing  Committee  on  Codes  for  Testing  and  Rating 
Steam  Heating  Solid  Fuel  Boilers  (A.S.H.V.E.  TRANSACTIONS,  Vol.  36,  1930,  p.  35) ;  Selecting  the  Right 
Size  Heating  Boiler,  by  Sabin  Crocker  (Heating,  Piping  and  Air  Conditioning,  March,  1932). 

cThis  table  refers  to  hand-fired,  solid  fuel  boilers.  A  factor  of  20  per  cent  over  design  load  is  adequate 
when  automatically-fired  fuels  are  used  (see  Fig.  1). 

d240  Btu  per  square  foot. 

in  the  various  spaces  of  the  building  to  be  heated,  which  reserve,  however, 
is  not  in  use  at  all  places  at  the  same  time,  or  in  any  one  place  at  all  times. 
For  a  further  discussion  of  this  subject  see  Chapter  4. 

Hot  Water  Supply  Load 

When  the  hot  water  supply  (Item  2)  is  heated  by  the  building  heating 
boiler,  this  load  must  be  taken  into  consideration  in  sizing  the  boiler.  The 
allowance  to  be  made  will  depend  on  the  amount  of  water  heated  and  its 
temperature  rise.  A  good  approximation  is  to  add  4  sq  ft  of  equivalent 
radiation  for  each  gallon  of  water  heated  per  hour  through  a  temperature 
range  of  100  F.  For  more  specific  information,  see  Chapter  45. 

Piping  Tax  (Item  3) 

It  is  common  practice  to  add  a  flat  percentage  allowance  to  the 
equivalent  connected  radiation  to  provide  for  the  heat  loss  from  bare  and 
covered  pipe  in  the  supply  and  return  lines.  The  use  of  a  flat  allowance  of 
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25  per  cent  for  steam  systems  and  35  per  cent  for  hot  water  systems  is 
preferable  to  ignoring  entirely  the  load  due  to  heat  loss  from  the  supply 
and  return  lines,  but  better  practice,  especially  when  there  is  much  bare 
pipe,  is  to  compute  the  emission  from  both  bare  and  covered  pipe ^surf ace 
in  accordance  with  data  in  Chapter  42.  A  chart  is  shown  in  Fig.  1  indicat- 
ing percentage  allowances  for  piping  and  warming-up  which  are  appli- 
cable to  automatically-fired  heating  plants  using  steam  radiation.  With 
direct  radiation  served  by  bare  supply  and  return  piping  the  percentages 
may  be  higher  than  those  stated,  while  in  the  case  of  unit  heaters  where 
the  output  is  concentrated  in  a  few  locations,  the  piping  tax  may  be 
10  per  cent  or  less. 

Warming-Up  Allowance 

The  warming-up  allowance  represents  the  load  due  to  heating  the  boiler 
and  contents  to  operating  temperature  and  heating  up  cold  radiation  and 
piping.  (See  Item  4.)  The  factors  to  be  used  for  determining  the 


.  10  12  14 

NET  LOAD,  STEAM  RADIATION,  THOUSAND  SQ  FT 

FIG.  1.    PERCENTAGE  ALLOWANCE  FOR  PIPING  AND  WARMING-UP 

allowance  to  be  made  should  be  selected  from  Table  3  and  should  be 
applied  to  the  estimated  design  load  as  determined  by  Items  1,  2  and  3. 
While  in  every  case  the  estimated  maximum  load  will  exceed  the  design 
load  if  adequate  heating  response  is  to  be  achieved,  there  is,  however,  no 
object  in  over-estimating  the  allowances,  as  the  only  effect  would  be  to 
reduce  the  time  of  warming-up  by  a  few  minutes.  Otherwise,  it  might 
result  in  firing  the  boiler  unduly  and  increasing  the  cost  of  operation. 

Performance  Curves  for  Boiler  Selection 

In  the  selection  of  a  boiler  to  meet  the  estimated  load,  the  A.S.H.V.E. 
Standard  Code  for  Rating  Steam  Heating  Solid  Fuel  Hand-Fired  Boilers 
recommends  the  use  of  performance  curves  based  on  actual  tests  con- 
ducted in  accordance  with  the  A.S.H.V.E.  Performance  Test  Code  for 
Steam  Heating  Solid  Fuel  Boilers  (Code  No.  3),  similar  to  the  typical 
curves  shown  in  Fig.  2.  It  should  be  understood  that  performance  data 
apply  to  test  conditions  and  that  a  reasonable  allowance  should  be  made 
for  decreased  output  resulting  from  soot  deposit,  poor  fuel  or  inefficient 
attention. 
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Selection  Based  on  Heating  Surface  and  Grate  Area 

Where  performance  curves  are  not  available,  a  good  general  rule  for 
conventionally-designed  boilers  is  to  provide  1  sq  ft  of  boiler  heating 
surface  for  each  14  sq  ft  of  equivalent  radiation  (240  Btu  per  square  foot) 
represented  by  the  design  load  consisting  of  connected  radiation,  piping 
tax  and  domestic  water  heating  load.  As  stated  in  the  section  on  Boiler 
Output,  this  is  equivalent  to  allowing  10  sq  ft  of  boiler  heating  surface  per 


1000  2000  3OOO  4OOO  5OOO  6OOO  7OOO 

OUTPUT,  SQ.  FT.  EQUIVALENT  STEAM  RADIATION   (Z40  BTU   PER  SQ.  FT.) 


BOILER    DATA  — 


GRATE  ARE  A,  SQ.FT.   16.0 
HEATING  SURFACE,SQ.  FT.  254 
WEIGHT,  LB.  9160 

FUEL  CAPACITY,  LB.  651 

FUEL  AVAILABLE,  LB.  414 

FUEL  DEPTH, IN  10 


FUEL-BITUMINOUS    3/4"  LUMP 

ANALYs'lS—   VOLATILE  MATTER  34.6*71 

FIXED  CARBON  55-44 

ASH  0.67 

SULPHUR  2*66 

MOISTURE  3.0O 

BTU  PCR  LB.  13,655 


FIG.  2.    TYPICAL  PERFORMANCE  CURVES  FOR  A  36-iN.  CAST-IRON  SECTIONAL  STEAM 

HEATING  BOILER,  BASED  ON  THE  A.S.H.V.E.  CODE  FOR  RATING  STEAM 

HEATING  SOLID  FUEL  HAND-FIRED  BOILERS 

boiler  horsepower.  In  this  case  it  is  assumed  that  the  maximum  load 
including  the  warming-up  allowance  will  be  provided  for  by  operating  the 
boiler  in  excess  of  the  design  load,  that  is,  in  excess  of  the  100  per  cent 
rating  on  a  boiler-horsepower  basis. 

Due  to  the  wide  variation  encountered  in  manufacturers'  ratings  for 
boilers  of  approximately  the  same  capacity,  it  is  advisable  to  check  the 
grate  area  required  for  heating  boilers  burning  solid  fuel  by  means  of  the 
following  formula: 

G  =  CX  FX  E  (1) 
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where 

G  —  grate  area,  square  feet. 

H  —  required  total  heat  output  of  the  boiler,  Btu  per  hour  (see  Selection  of  Boilers, 

p.  228). 
C  —  combustion  rate  in  pounds  of  dry  coal  per  square  foot  of  grate  area  per  hour, 

depending  on  the  kind  of  fuel  and  size  of  boiler  as  given  in  Table  1. 
F  =  calorific  value  of  fuel,  Btu  per  pound. 
E  =  efficiency  of  boiler,  usually  taken  as  0.60. 

Example  1.  Determine  the  grate  area  for  a  required  heat  output  of  the  boiler  of 
500,000  Btu  per  hour,  a  combustion  rate  of  6  Ib  per  hour,  a  calorific  value  of  13,000  Btu 
per  pound,  and  an  efficiency  of  60  per  cent. 

r  500,000  IftTonff 


6X  13,000  X  0.60  - 

The  boiler  selected  should  have  a  grate  area  not  less  than  that  deter- 
mined by  Formula  4.  With  small  boilers  where  it  is  desired  to  provide 
sufficient  coal  capacity  for  approximately  an  eight-hour  firing  period  plus 
a  20  per  cent  reserve  for  igniting  a  new  charge,  more  grate  area  may  be 
required  depending  upon  the  depth  of  the  fuel  pot. 

Selection  of  Steel  Heating  Boilers 

Ratings  obtained  from  the  previously  mentioned  Steel  Healing  Boiler 
Institute  code  are  intended  to  correspond  with  the  estimated  design  load 
based  on  the  sum  of  items  1,  2  and  3  outlined  on  page  228.  Boilers 
with  less  than  128  sq  ft  of  heating  surface  are  classified  as  residence  size. 
An  insulated  residence  boiler  for  oil  or  gas,  not  convertible,  may  carry 
a  net  load  expressed  in  square  feet  of  steam  radiation  of  not  more 
than  17  times  the  square  feet  of  heating  surface  in  the  boiler,  provided  the 
boiler  manufacturer  guarantees  it  to  be  capable  of  operating  at  a  maxi- 
mum output  of  not  less  than  150  per  cent  of  net  load  rating  with  overall 
efficiency  of  not  less  than  75  per  cent  with  at  least  two  different  makes 
of  each  type  of  standard  commercial  burner  recommended  by  the  boiler 
manufacturer.  If  the  heat  loss  from  the  piping  system  exceeds  20  per  cent 
of  the  installed  radiation,  the  excess  is  to  be  considered  as  a  part  of  the 
net  load. 

When  the  estimated  heat  emission  of  the  piping  (connecting  radiation, 
and  other  apparatus  to  the  boiler)  is  not  known  the  net  load  to  be  con- 
sidered for  the  boiler  may  be  determined  from  Table  2, 

Selection  of  Gas-Fired  Boilers 

Gas-heating  appliances  should  be  selected  in  accordance  with  the 
percentage  allowances  given  in  Fig.  1.  These  factors  are  for  thermo- 
statically-controlled systems;  in  case  manual  operation  is  desired,  a 
warming-up  allowance  of  100  per  cent  is  recommended  by  the  A.G.A. 
A  gas  boiler  selected  by  the  use  of  the  A.G.A.  factors  will  be  the  minimum 
size  boiler  which  can  carry  the  load.  From  a  fuel  economy  standpoint,  it 
may  be  advisable  to  select  a  somewhat  larger  boiler  and  then  throttle  the 
gas  and  air  adjustments  as  required.  This  will  tend  to  give  a  low  stack 
temperature  with  high  efficiency  and  at  the  same  time  provide  reserve 
capacity  in  case  the  load  is  under-estimated  or  more  is  added  in  the  future. 
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Conversions 

The  conversion  of  a  coal  or  oil  boiler  to  gas  burning  is  simpler  than  the 
reverse  since  little  furnace  volume  need  be  provided  for  the  proper  com- 
bustion of  gas.  When  a  solid  fuel  boiler  of  500  sq  ft  (or  less)  capacity  is 
converted  to  gas  burning,  the  necessary  gas  heat  units  should  be  approxi- 
mately double  the  connected  load.  The  presumption  for  a  conversion 
job  is  that  the  boiler  is  installed  and  probably  will  not  be  made  larger; 
therefore,  it  is  a  matter  of  setting  a  gas-burning  rate  to  obtain  best  results 
with  the  available  surface.  Assuming  a  combustion  efficiency  of  75  per 
cent  for  a  conversion  installation  the  boiler  output  would  be  2  X  0,75 
=  1.5  times  the  connected  load,  which  allows  50  per  cent  for  piping  tax 
and  pickup.  In  converting  large  boilers,  the  determination  of  the  re- 
quired Btu  input  should  not  be  done  by  an  arbitrary  figure  or  factor  but 
should  be  based  on  a  detailed  consideration  of  the  requirements  and 
characteristics  of  the  connected  load. 

An  efficient  conversion  installation  depends  upon  the  proper  size  of 
flue  connection.  Often  the  original  smoke  breeching  between  the  boiler 
and  chimney  is  too  large  for  gas  firing,  and  in  this  case,  flue  orifices  can  be 
used.  They  are  discs  provided  with  an  opening  of  the  size  for  the  gas 
input  used  in  this  boiler.  The  size  should  be  based  on  1  sq  in.  of  flue  area 
for  each  7500  hourly  Btu  input. 

If  dampers  are  found  in  the  breeching  they  should  be  locked  in  position 
so  that  they  will  not  interfere  with  the  normal  operation  of  the  gas  burners 
at  maximum  flow.  In  the  case  of  large  boiler  conversions,  automatic 
damper  regulators  proportion  the  position  of  the  flue  dampers  to  the 
amount  of  gas  flowing  and  may  be  substituted  for  existing  dampers. 
Generally  in  residence  conversions  automatic  dampers  are  not  of  the 
proportioning  type  but  close  the  flue  during  the  off  periods  of  the  gas 
burners.  Automatic  shut-off  dampers  should  be  located  between  the 
back  draft  diverter  and  the  chimney  flue.  Automatic  dampers  are  usually 
designed  to  operate  with  electric  contact  mechanism,  but  frequently  an 
arrangement  is  utilized  which  functions  with  mechanical  fluid  or  gas 
pressure. 

Physical  Limitations 

As  it  will  usually  be  found  that  several  boilers  will  meet  the  speci- 
fications, the  final  selection  may  be  influenced  by  other  considerations,  as : 

1.  Dimensions  of  boiler. 

2.  Durability  under  service. 

3.  Convenience  in  firing  and  cleaning. 

4.  Adaptability  to  changes  in  fuel  and  kind  of  attention. 

5.  Height  of  water  line. 

In  large  installations,  the  use  of  several  smaller  boiler  units  instead  of 
one  larger  one  will  obtain  greater  flexibility  and  economy  by  permitting 
the  operation,  at  the  best  efficiency,  of  the  required  number  of  units 
according  to  the  heat  requirements. 

Space  Limitations 

Boiler  rooms  should,  if  possible,  be  situated  at  a  central  point  with 
respect  to  the  building  and  should  be  designed  for  a  maximum  of  natural 

233 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

4.  Condensation  must  flow  back  to  the  boiler  as  rapidly  and  uniformly  as  possible. 
Return  connections  should  prevent  the  water  from  backing  out  of  the  boiler, 

5.  Automatic  boiler  feeders  and  low  water  cut-off  devices  which  shut  off  the  source 
of  heat  if  the  water  in  the  boiler  falls  below  a  safe  level  are  recommended  for  boilers 
mechanically  fired. 

Boiler  Troubles 

A  complaint  regarding  boiler  operation  generally  will  be  found  to  be 
due  to  one  of  the  following: 

1.  The  boiler  fails  to  deliver  enough  heat.    The  cause  of  this  condition  may  be:  (a)  poor 
draft;  (b)  poor  fuel;  (c)  inferior  attention  or  firing;  (d)  boiler  too  small;  (e)  improper 
piping;  (/)  improper  arrangement  of  sections;  (g)  heating  surfaces  covered  with  soot; 
and  (h)  insufficient  radiation  installed. 

2.  The  water  line  is  unsteady.    The  cause  of  this  condition  may  be:    (a)  grease  and  dirt 
in  boiler;  (b)  water  column  connected  to  a  very  active  section  and,  therefore,  not 
showing  actual  water  level  in  boiler;  and  (c)  boiler  operating  at  excessive  output. 

3.  Water  disappears  from  gage  glass.    This  may  be  caused  by:    (a)  priming  due  to 
grease  and  dirt  in  boiler;  (b)  too  great  pressure  difference  between  supply  and  return 
piping  preventing  return  of  condensation;  (c)  valve  closed  in  return  line;  (d)  connection 
of  bottom  of  water  column  into  a  very  active  section  or  thin  waterway ;  and  (e)  improper 
connections  between  boilers  in  battery  permitting  boiler  with  excess  pressure  to  push 
returning  condensation  into  boiler  with  lower  pressure. 

4.  Water  is  carried  over  into  steam  main.    This  may  be  caused  by:  (a)  grease  and  dirt 
in  boiler;  (&)  insufficient  steam  dome  or  too  small  steam  liberating  area;  (c)  outlet  con- 
nections of  too  small  area;  (d)  excessive  rate  of  output;  and  (e)  water  level  carried 
higher  than  specified. 

5.  Boiler  is  slow  in  response  to  operation  of  dampers.    This  may  be  due  to :  (a)  poor 
draft  resulting  from  air  leaks  into  chimney  or  breeching;  (6)  inferior  fuel;  (c)  inferior 
attention;  (d)  accumulation  of  clinker  on  grate;  and  (e)  boiler  too  small  for  the  load. 

6.  Boiler  requires^  too  frequent  cleaning  of  flues.    This  may  be  due  to:  (a)  poor  draft; 
(&)  smoky  combustion;  (c)  too  low  a  rate  of  combustion;  and  (d)  too  much  excess  air 
in  firebox  causing  chilling  of  gases. 

7.  Boiler  smokes  through  fire  door.    This  may  be  due  to:  (a)  defective  draft  in  chimney 
or  incorrect  setting  of  dampers;  (b)  air  leaks  into  boiler  or  breeching;  (c)  gas  outlet  from 
firebox  plugged  with  fuel;  (d)  dirty  or  clogged  flues;  and  (e)  improper  reduction  in 
breeching  size. 

8.  Low  carbon  dioxide.   This  may  be  due  on  oil  burning  boilers  to:  (a)  improper  ad- 
justment of  the  burner;  (b)  leakage  through  the  boiler  setting;  (c)  improper  fire  caused 
by  a  fouled  nozzle;  or  (d)  to  an  insufficient  quantity  of  oil  being  burned. 

Cleaning  Steam  Boilers 

All  boilers  are  provided  with  flue  clean-out  openings  through  which  the 
heating  surface  can  be  reached  by  means  of  brushes  or  scrapers.  Flues 
of  solid  fuel  boilers  should  be  cleaned  often  to  keep  the  surfaces  free  of 
soot  or  ash.  Gas  boiler  flues  and  burners  should  be  cleaned  at  least  once 
a  year.  Oil  burning  boiler  flues  should  be  examined  periodically  to  deter- 
mine when  cleaning  is  necessary. 

The  grease  used  to  lubricate  the  cutting  tools  during  erection  of  new 
piping  systems  serves  as  a  carrier  for  sand  and  dirt,  with  the  result  that 
a  scum  of  fine  particles  and  grease  accumulates  on  the  surface  of  the 
water  in  all  new  boilers,  while  heavier  particles  may  settle  to  the  bottom 
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of  the  boiler  and  form  sludge.  These  impurities  have  a  tendency  to  cause 
foaming,  preventing  the  generation  of  steam  and  causing  an  unsteady 
water  line. 

This  unavoidable  accumulation  of  oil  and  grease  should  be  removed 
by  blowing  off  the  boiler  as  follows:  If  not  already  provided,  install  a 
surface  blow  connection  of  at  least  1J^  in.  nominal  pipe  size  with  outlet 
extended  to  within  18  in.  of  the  floor  or  to  sewer,  inserting  a  valve  in  line 
close  to  boiler.  Bring  the  water  line  to  center  of  outlet,  raise  steam  pres- 
sure and  while  fire  is  burning  briskly  open  valve  in  blow-off  line.  When 
pressure  recedes,  close  valve  and  repeat  process  adding  water  at  intervals 
to  maintain  proper  level.  As  a  final  operation  bring  the  pressure  in  the 
boiler  to  about  10  Ib,  close  blow-off,  draw  the  fire  or  stop  burner,  and  open 
drain  valve.  After  boiler  has  cooled  partly,  fill  and  flush  out  several  times 
before  filling  it  to  proper  water  level  for  normal  service.  The  use  of  soda, 
or  any  alkali,  vinegar  or  any  acid  is  not  recommended  for  cleaning  heating 
boilers  because  of  the  difficulty  of  complete  removal  and  the  possibility 
of  subsequent  injury,  after  the  cleaning  process  has  been  completed. 

Insoluble  compounds  have  been  developed  which  are  effective,  but 
special  instructions  on  the  proper  cleaning  compound  and  directions  for 
its  use  in  a  boiler,  as  given  by  the  boiler  manufacturer,  should  be  carefully 
followed. 

It  is  common  practice  when  starting  new  installations  to  discharge 
heating  returns  to  the  sewer  during  the  first  week  of  operation.  This 
prevents  the  passage  of  grease,  dirt  or  other  foreign  matter  into  the  boiler 
and  consequently  may  avoid  the  necessity  of  cleaning  the  boiler.  During 
the  time  the  returns  are  being  passed  to  the  sewer,  the  feed  valve  should 
be  cracked  sufficiently  to  maintain  the  proper  water  level  in  the  boiler. 

Care  of  Idle  Heating  Boilers 

Heating  boilers  are  often  seriously  damaged  during  summer  months 
due  chiefly  to  corrosion  resulting  from  the  combination  of  sulphur  from 
the  fuel  with  the  moisture  in  the  cellar  air.  At  the  end  of  the  heating 
season  the  following  precautions  should  be  taken : 

1.  All  heating  surfaces  should  be  cleaned  thoroughly  of  soot,  ash  and  residue,  and  the 
heating  surfaces  of  steel  boilers  should  be  given  a  coating  of  lubricating  oil  on  the  fire 
side. 

2.  All  machined  surfaces  should  be  coated  with  oil  or  grease. 

3.  Connections  to  the  chimney  should  be  cleaned  and  in  case  of  small  boilers  the  pipe 
should  be  placed  in  a  dry  place  after  cleaning. 

4.  If  there  is  much  moisture  in  the  boiler  room,  it  is  desirable  to  drain  the  boiler  to 
prevent  atmospheric  condensation  on  the  heating  surfaces  of  the  boiler  when  they  are 
below  the  dew-point  temperature.    Due  to  the  hazard  of  some  one  inadvertently  building 
a  fire  in  a  dry  boiler,  however,  it  is  safer  to  keep  the  boiler  filled  with  water.    A  hot  water 
system  usually  is  left  filled  to  the  expansion  tank. 

5.  The  grates  and  ashpit  should  be  cleaned. 

6.  Clean  and  repack  the  gage  glass  if  necessary. 

7.  Remove  any  rust  or  other  deposit  from  exposed  surfaces  by  scraping  with  a  wire 
brush  or  sandpaper.    After  boiler  is  thoroughly  cleaned,  apply  a  coat  of  preservative 
paint  where  required  to  external  parts  normally  painted. 

8.  Inspect  all  accessories  of  the  boiler  carefully  to  see  that  they  are  in  good  working 
order.    In  this  connection,  oil  all  door  hinges,  damper  bearings  and  regulator  parts. 
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BOILER  INSULATION 

Insulation  for  cast-iron  boilers  is  of  two  general  types:  (1)  plastic 
material  or  blocks  wired  on,  cemented  and  covered  with  canvas  or  duck; 
and  (2)  blocks,  sheets  or  plastic  material  covered  with  a  metal  jacket 
furnished  by  the  boiler  manufacturer.  Self-contained  steel  firebox  boilers 
usually  are  insulated  with  blocks,  cement  and  canvas,  or  ^ rock  wool 
blankets;  HRT  boilers  are  brick  set  and  do  not  require  insulation  beyond 
that  provided  in  the  setting.  It  is  essential  that  the  insulation  on  a  boiler 
and  adjacent  piping  be  of  non-combustible  material  as  even  slow-burning 
insulation  constitutes  a  dangerous  fire  hazard  in  case  of  low  water  in 
the  boiler. 
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RADIATORS  AND  GRAVITY  CONVECTORS 

Heat  Emission  of  Radiators  and  Connectors,  Types  of  Radi- 
ators,, Output  of  Radiators,  Heating  Effect,  Heating  Up  the 
Radiator    and    Convector,    Enclosed    Radiators,    Convectors, 
Selection,  Code  Tests,  Gravity -Indirect  Heating  Systems 

THE  accepted  terms  for  heating  units  are:  (1)  radiators,  for  direct 
surface  heating  units,  either  exposed,  enclosed,  or  shielded,  which 
emit  a  large  percentage  of  their  heat  by  radiation ;  and  (2)  converters,  for 
heating  units  haying  a  large  percentage  of  extended  fin  surface  and  which 
emit  heat  principally  by  convection.  Convectors  are  dependent  upon 
enclosures  to  provide  the  circulation  by  gravity  of  large  volumes  of  air. 

HEAT  EMISSION  OF  RADIATORS  AND  CONVECTORS 

All  heating  units  emit  heat  by  radiation  and  convection.  The  resultant 
heat  from  these  processes  depends  upon  whether  or  not  the  heating  unit  is 
exposed  or  enclosed  and  upon  the  contour  and  surface  characteristics  of 
the  material  in  the  units. 

An  exposed  radiator  emits  less  than  half  of  its  heat  by  radiation,  the 
amount  depending  upon  the  size  and  number  of  sections.  When  the 
radiator  is  enclosed  or  shielded,  radiation  is  further  reduced.  The  balance 
of  the  emission  is  by  conduction  to  the  air  in  contact  with  the  heating 
surface,  and  the  resulting  circulation  of  the  air  warms  by  convection. 

A  convector  emits  practically  all  of  its  heat  by  conduction  to  the  air 
surrounding  it  and  this  heated  air  is  in  turn  transmitted  by  convection  to 
the  rooms  or  spaces  to  be  warmed,  the  heat  emitted  by  radiation  being 
negligible. 

TYPES  OF  RADIATORS 

Present  day  radiators  may  be  classified  as  tubular,  wall,  or  window 
types,  and  are  generally  made  of  cast-iron.  Catalogs  showing  the  many 
designs  and  patterns  available  now  include  a  junior  size  sometimes  known 
as  slim  tube  radiation.  The  tubes  in  these  radiators  are  materially 
smaller,  and  they  are  compactly  assembled  in  less  space  than  those  of  the 
standard  radiator. 

Pipe  coils  are  assemblies  of  standard  pipe  or  tubing  (1  in.  to  2  in.)  which 
are  used  as  radiators.  In  older  practice  these  coils  were  commonly  used 
in  factory  buildings,  but  now  wall  type  radiators  are  most  frequently  used 
for  this  service.  When  coils  are  used,  the  miter  type  assembly  is  to  be 
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preferred  as  it  best  cares  for  expansion  in  the  pipe.    Cast  manifolds  or 
headers,  known  as  branch  tees,  are  available  for  this  construction. 

OUTPUT  OF  RADIATORS 

The  output  of  a  radiator  can  be  measured  only  by  the  heat  it  emits. 
The  old  standard  of  comparison  used  to  be  square  feet  of  actual  surface, 
but  since  the  advance  in  radiator  design  and  proportions,  the  surface  area 
alone  is  not  a  true  index  of  output.  (The  engineering  unit  of  outputs  is  the 
Mb  or  1000  Btu.)  However,  during  the  period  of  transition  from  the  old 
to  the  new,  radiators  may  be  referred  to  in  terms  of  equivalent  square  feet. 
For  steam  service  this  is  based  on  an  emission  of  240  Btu  per  hour  per 
square  foot  and  for  hot  water  service  150  Btu  per  hour  per  square  foot. 

TABLE  1.    VARIATION  IN  DIMENSIONS  AND  CATALOG  RATINGS  OF 
10-SECTioN  TUBULAR  RADIATORS  (STEAM) 


No.  of  Tubes     „                    ..  _     

3 

4 

5 

6 

7 

Width  of  Radiator.              .    ..-Inches 

4.6-5.1 

6.0-7.0 

8.0-8.9 

9.1-10.4 

11.4-12.8 

Length  per  Section  Inches 

2.5 

2.5 

2.5 

2.5 

2.5-3.0 

HEIGHT  WITH  LEGS—  INCHES 

H 

EAT  EMISSION- 

-EQUIVALENT 

SQUARE  FEET 

13-14 

20 

25.0-32.5 

16-18 
20-21 
22-23 
25-26 
30-32 
36-38 

"iTo^iTf 

20.0-21.3 
20.0-26.7 
25.0-30.9 
30,0-36.7 

~2~67(T22~.5" 
25 
25.0-27.5 
33.3-35.0 
40.0-42.5 

28.5 
25.0-3L2 
30.0-33.9 
32.5-39.8 
40.0-48.6 
50.0-56.5 

.      _ 

35 
37.5^0.0 
50 
60 

30.0-38.3 
36.7-45.0 
40.0-45.2 
50.0-53.5 
63.3-62.5 
70.0-75.4 

Table  1  illustrates  the  difficulty  in  tabulating  tubular  radiator  outputs 
since  there  is  so  much  variation  in  design  between  the  products  of  the 
different  manufacturers.  Only  on  the  four-tube  and  six-tube  sizes  is  there 
any  practical  agreement  in  output  value.  The  heat  emission  values 
appear  as  square  feet  but  are  entirely  empirical,  being  based  on  the  heat 
emission  of  the  radiator  and  not  on  the  measured  surface. 

An  average  value  of  300  Btu  per  actual  square  foot  of  surface  area  per 
hour  has  been  found  for  wall  radiators  one  section  high  placed  with  their 
bars  vertical.  Several  recent  tests1  show  that  this  value  will  be  reduced 
from  5  to  10  per  cent  if  the  radiator  is  placed  near  the  ceiling  with  the  bars 
horizontal  and  in  an  air  temperature  exceeding  70  F.  When  radiators 
are  placed  near  the  ceiling,  there  is  usually  so  noticeable  a  difference  in 
temperature  between  the  floor  level  and  the  ceiling  that  it  becomes  dif- 
ficult to  heat  the  living  zone  of  a  room 'satisfactorily. 

The  heat  emission  of  pipe  coils  placed  vertically  on  a  wall  with  the 
pipes  horizontal  is  given  in  Table  2.  This  has  been  developed  from  avail- 
able data  and  does  not  represent  definite  results  of  tests.  For  such  coils 
the  heat  emission  varies  as  the  height  of  the  coil.  The  heat  emission  of 
each  pipe  of  ceiling  coils,  placed  horizontally,  is  about  126  Btu,  156  Btu, 


1  University  of  Illinois,  Engineering  Experiment  Station  Bulletin  No.  223,  p.  30. 
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TABLE  2.     HEAT  EMISSION  OF  PIPE  COILS  PLACED  VERTICALLY  ON  A  WALL  (PIPES 
HORIZONTAL)  CONTAINING  STEAM  AT  215  F  AND  SURROUNDED  WITH  AIR  AT  70  F 

Btu  per  linear  foot  of  coil  per  hour  (not  linear  feet  of  pipe) 


SIZE  OP  PIPE 

UN. 

IX  Is. 

1H  IN. 

Single  row  _  

132 

162 

185 

Two  
Four  

252 
440 

312 
545 

348 
616 

Six.  

567 

702 

793 

Eight  

651 

796 

907 

Ten                             

732 

907 

1020 

Twelve 

812 

1005 

1135 

and  175  Btu  per  linear  foot  of  pipe,  respectively,  for  1-in.,  lj^-in.t  and 
-in.  coils. 


Effect  of  Paint 

The  prime  coat  of  paint  on  a  radiator  has  no  material  effect  on  the  heat 
output,  but  the  finishing  coat  may  influence  the  radiation  emission  and 
thus  affect  the  heat  output.  Within  the  range  of  temperatures  at  which 
radiators  operate,  color  has  no  appreciable  influence  on  the  radiation 
emitted.  Thus,  finishing  coats  of  oil  paints  of  various  colors  will  give  the 
same  results.  However,  a  bronze  paint,  applied  as  the  finish  coat  will 
change  the  character  of  the  surface  and  reduce  the  amount  of  heat  emitted 
by  radiation.  No  paint  has  a  noticeable  effect  on  the  portion  of  heat 
which  is  given  off  by  convection.  The  larger  the  proportion  of  direct 
radiating  surface,  the  greater  will  be  the  effect  of  any  finish  coat  of  paint 
which  changes  the  character  of  the  surface.  Available  tests  are  on  old- 
style  column  type  radiators  which  give  results  as  shown  in  Table  3. 

Effect  of  Superheated  Steam 

Available  research  data  indicate  that  there  is  probably  a  decrease  in 
heat  transfer  rate  for  a  radiator  or  gravity  convector  with  superheated 
steam  in  comparison  with  saturated  steam  at  the  same  temperature. 
The  decrease  is  probably  small  for  low  temperatures  of  superheats  and 
additional  tests  are  necessary  with  varying  degrees  of  superheat  to 
establish  accurate  comparisons  for  all  types  of  radiators  and  convectors2. 

TABLE  3.    EFFECT  OF  PAINTING  32-iN.  THREE  COLUMN,  SIX-SECTION 
CAST-IRON  RADIATOR** 


RADIATOR 

XT 

FINISH 

ABBA 

Q_   TI_ 

COEFFICIENT 

OP  T-TusAT  TttANB 

RELATIVE 
HTMTTNG  VALTTTB 

No. 

BTU 

PERCENT 

1 

Bare  iron,  foundry  finish.-    _  

27 

1.77 

100.5 

2 

One  coat  of  aluminum  bronze  

27 

1.60 

90.8 

3 

4 

Gray  paint  dipped  
One  coat  dull  black  heat  resistant  paint..,. 

27 
27 

1,78 
1.76 

101.1 
100.0 

^Comparative  Tests  of  Radiator  Finishes,  by  W.  H.  Severns  (A.S.H.V.E.  TRANSACTIONS,  Vol.  33, 
1927,  p.  41). 


*Tests  of  Radiators  with  Superheated  Steam,  by  R.  C.  Carpenter  (A.S.H.V.E.  TRANSACTIONS,  Vol.  7, 
1901,  p.  206). 
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^Cold  room  temp  in  deg  F 


i  5.52  Ib  Test  R-E2,  5-tube  rad 
a  5.62  Ib  Test  R-E61, 3-tube  rad 


3   5.42  Ib  Test  R-E10, 1-tube  panel  rad 
•  5.50  Ib  Test  R-2c,  (Bui  223)  wall  rad 
34       5678 


0      1      2      _       .       _       .       . 
Net  Ib  of  steam  condensed  per  hour 


HEIGHT  ABOVE  FLOOR  IN  FEET 

Fro.  1.    ROOM  TEMPERATURE  GRADIENTS  AND  STEAM  CONDENSING  RATES  FOR  FOUR 
TYPES  OF  CAST-IRON  RADIATORS  WITH  A  COMMON  TEMPERATURE  AT  THE  60-lN.  LEVEL 

Note  that  the  steam  condensations  are  practically  the  same  for  all  four  radiators  when  the  same  air 
temperature  of  69  F  is  maintained  at  the  60-in.  level, 

HEATING  EFFECT 

For  several  years  the  heating  effect  of  radiators  has  been  considered  by 
engineers  in  order  to  use  it  for  the  rating  of  radiators  and  in  the  design  of 
heating  systems.  Heating  effect  is  the  useful  output  of  a  radiator,  in  the 
comfort  zone  of  a  room,  as  related  to  the  total  input  of  the  radiator3. 

The  results  of  tests  conducted  at  the  University  of  Illinois  are  shown  in 
Figs.  1  and  24.  For  the  four  types  of  radiators  shown,  the  following  con- 
clusions are  given: 


Cold  room  temp  in  deg  F 


fe    1     2     3     4      5     6 
Net  Ib  of  steam  condensed  per  hour 


6.68  Ib  Test  R-E56, 5-tube  rad. 
6,48  Ib  Test  R-E20, 3-tube  rad. 
6 12  Ib  Test  R-E58, 1-tube  panel  rad. 
55.0  Ib  Test  R-2c,  (Bui.  223)  wall  rad. 
7      8 


HEIGHT  ABOVE  FLOOR  IN  FEET 

FIG.  2.    ROOM  TEMPERATURE  GRADIENTS  AND  STEAM  CONDENSING  RATES  FOR  FOUR 
TYPES  OF  CAST-IRON  RADIATORS  WITH  A  COMMON  TEMPERATURE  AT  THE  30-lN.  LEVEL 

Note  that  the  steam  condensations  are  different  for  all  four  radiators  'when  the  same  air  temperature  of 
68  F  is  maintained  ai  the  80-in.  level. 


'The  Heating  Effect  of  Radiators,  by  Dr.  Charles  Brabble  (A.S.H.V.E.  TRANSACTIONS,  Vol.  33,  1927, 
p.  33).  A.S.H.V.E.  RESEARCH  REPORT  No.  962— The  Application  of  the  Eupatheoscope  for  Measuring 
the  Performance  of  Direct  Radiators  and  Convectors  in  Terms  of  Equivalent  Temperature,  by  A.  C. 
Willard,  A.  P.  Kratz  and  M.  K.  Fahnestock  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39, 1933,  p.  303). 

<A.S.H.V.E.  RESEARCH  REPORT  No.  905— Steam  Condensation  an  Inverse  Index  of  Heating  Effect, 
by  A.  P.  Kratz  and  M.  K.  Fahnestock  (A.S.H.V.E.  TRANSACTIONS,  Vol.  37, 1931,  p.  475). 
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1.  The  heating  effect  of  a  radiator  cannot  be  judged  solely  by  the  amount  of  steam 
condensed  within  the  radiator. 

2.  Smaller  floor-to-ceiling  temperature  differentials  can  be  maintained  with  long,  low, 
thin,  direct  radiators,  than  is  possible  with  high,  direct  radiators. 

3.  The  larger  portion  of  the  floor-to-ceiling  temperature  differential  in  a  room  of 
average  ceiling  height  heated  with  direct  radiators  occurs  between  the  floor  and  the 
breathing  level. 

4.  The  comfort  level  (approximately  2  ft-6  In.  above  floor)  is  below  the  breathing  line 
level  (approximately  5  ft-0  in.  above  floor),  and  temperatures  taken  at  the  breathing 
line  may  not  be  indicative  of  the  actual  heating  effect  of  a  radiator  in  the  room.    The 
comfort-indicating  temperature  should  be  taken  below  the  breathing  line  level. 

5.  High  column  radiators  placed  at  the  sides  of  window  openings  do  not  produce  as 
comfortable  heating  effects  as  long,    low,   direct   radiators  placed  beneath  window 
openings5. 
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FIG.  3.    CHART  SHOWING  THE  STEAM  DEMAND  RATE  FOR  HEATING  UP  A  CAST-IRON 
RADIATOR  WITH  FREE  AIR  VENTING  AND  AMPLE  STEAM  SUPPLY 


HEATING  UP  THE  RADIATOR  AND  CON  VECTOR 

The  maximum  condensation  occurs  in  a  heating  unit  when  the  steam 
is  first  turned  on6.  Fig.  3  shows  a  typical  curve  for  the  condensation  rate 
in  pounds  per  hour  for  the  time  elapsing  after  steam  is  turned  into  a  cast- 
iron  radiator.  The  data  are  from  tests  on  old-style  column  type  radiators. 
In  practice  the  rate  of  steam  supply  to  the  heating  unit  while  heating  up 
is  frequently  retarded  by  controlled  elimination  of  air  through  air  valves 
or  traps.  Automatic  control  valves  may  also  retard  the  supply  of  steam. 
Vacuum  types  of  air  venting  valves  may  be  used  to  reduce  the  length  of 
the  venting  periods. 

ENCLOSED  RADIATORS 

The  general  effect  of  an  enclosure  placed  about  a  direct  radiator  is  to 
restrict  the  air  flow,  diminish  the  radiation  and,  when  properly  designed, 


'Effect  of  Two  Types  of  Cast-iron  Steam  Radiators  in  Room  Heating,  by  A.  C.  Willard  and  M.  K. 
Fahnestock  (Seating,  Piping  and.  Air  Conditioning,  March,  1930,  p.  185). 

6A.S.H.V.E.  RESEARCH  REPORT  No.  1067— The  Cooling  and  Heating  Rates  of  a  Room  with  Different 
Types  of  Steam  Radiators  and  Convectors,  by  A.  P.  Kratz,  M.  K.  Fahnestock  and  E.  L.  Broderick 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  43,  1937,  p.  389). 
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improve  the  heating  effect.    Recent  investigations7  indicate  that  in  the 
design  of  the  enclosure  three  things  should  be  considered : 

1.  There  should  be  better  distribution  of  the  heat  below  the  breathing  line  level  to 
produce  greater  heating  comfort  and  lowered  ceiling  temperatures. 

2.  The  lessened  steam  consumption  may  not  materially  change  the  radiator  heating 
performance. 

3.  The  enclosed  radiator  may  inadequately  heat  the  space. 

A  comparison  between  a  bare  or  exposed  radiator  (A)  and  the  same 
radiator  with  a  well-designed  enclosure  (B),  with  a  poorly-designed 
enclosure  (C),  and  with  a  cloth  cover  (D)  will  illustrate  the  relative 
heating  effects.  In  Fig.  4  the  curve  (B)  reveals  that  the  enclosed  radiator 
used  less  steam  than  the  exposed  radiator,  but  gave  a  satisfactory  heating 
performance.  A  well-designed  shield  placed  over  a  radiator  gives  about 


TEMPERATURE  IN  DE6  FAHR 
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HEIGHT  ABOVE  FLOOR  IN  FEET 
FIG.  4.  STEAM  CONSUMPTION  OF  EXPOSED  AND  CONCEALED  RADIATORS 

the  same  heating  effect.  Curve  (C)  shows  the  unsatisfactory  effects 
produced  by  improperly  designed  enclosures.  Curve  (D)  shows  that  the 
effect  of  a  cloth  cover  extending  downward  6  in.  from  the  top  of  the 
radiator  was  to  make  the  performance  unsatisfactory  and  inadequate. 
Practically  all  commercial  enclosures  and  shields  for  use  on  direct 
radiators  are  equipped  with  water  pans  for  the  purpose  of  adding  moisture 
to  the  air  in  the  room.  Tests8  show  that  an  average  evaporative  rate  of 
about  0.235  Ib  per  square  foot  of  water  surface  per  hour  may  be  obtained 
from  such  pans,  when  the  radiator  is  steam  hot  and  the  relative  humidity 
in  the  room  is  between  25  and  40  per  cent.  This  source  of  supply  of 
moisture  alone  is  not  adequate  to  maintain  a  relative  humidity  above 
25  per  cent  on  a  zero  day. 

'University  of  Illinois,  Engineering  Experiment  Station  Bulletins  Nos.  192  and  223,  and  Investigation  of 
Heating  Rooms  with  Direct  Steam  Radiators  Equipped  with  Enclosures  and  Shields,  by  A.  C.  Willard 
A.  P.  Kratz,  M.  K.  Fahnestock  and  S.  Konzo  (A.S.H.V.E.  TRANSACTIONS,  Vol.  35, 1929,  p.  77). 

sUniversity  of  Illinois,  Engineering  Experiment  Station  Bulletin  No.  230,  p.  20. 
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CONVECTORS  OR  CONCEALED  HEATERS 

Although  any  standard  radiator  may  be  concealed  in  a  cabinet  or 
other  enclosure  so  that  the  greater  percentage  of  heat  is  conveyed  to  the 
room  by  convection  thereby  resulting  in  a  form  of  gravity  cpnvector, 
generally  better  results  are  obtained  with  specially  designed  units  which 
permit  a  free  circulation  of  a  larger  volume  of  air  at  moderate  tempera- 
tures. Since  air  stratifies  according  to  temperature,  moderate  delivery 
temperatures  at  the  outlet  of  the  enclosure  reduce  the  temperature  dif- 
ferential between  the  floor  and  ceiling  and  accordingly  accomplish  the 
desired  heating  effect  in  the  living  zone. 


SECTION 

FIG.  5.    TYPICAL  CONCEALED  CONVECTOR  USING  SPECIALLY  DESIGNED  HEATING  UNIT 

Fig.  5  shows  a  typical  built-in  convector.  The  heating  element  con- 
sisting of  a  large  percentage  of  fin  surface  is  usually  shallow  in  depth  and 
placed  low  in  the  enclosure  in  order  to  produce  maximum  chimney  effect 
in  the  enclosure.  The  air  enters  the  enclosure  near  the  floor  line  just 
below  the  heating  element,  is  moderately  heated  in  passing  through  the 
core  and  delivered  to  the  room  through  an  opening  near  the  top  of  en- 
closure. Since  the  air  can  only  enter  the  enclosure  at  the  floor  line,  the 
cooler  air  in  the  room  which  always  lies  at  this  level,  is  constantly  being 
withdrawn  and  replaced  by  the  warmer  air.  This  air  movement  accom- 
plishes the  desired  reduction  in  temperature  differentials  and  assures 
maximum  comfort  in  the  living  zone. 

The  Convector  Manufacturers  Association  has  adopted  the  A.S.H.V.E. 
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Standard9  in  the  formulation  of  its  ratings  and  has  compiled  a  tentative 
standard  of  heating  effect  allowances  for  various  enclosure  heights  to  be 
included  in  the  ratings  by  its  members. 

All  published  ratings  bearing  the  title  C.M.C.  Ratings  (Converter  Manu- 
facturers Certified  Ratings)  indicate  that  the  convectors  have  been  tested 
in  accordance  with  the  A.S.H.V.E.  Code  by  an  impartial  and  disinterested 
laboratory  and  that  the  ratings  have  been  approved  by  the  Standardiza- 
tion Committee  of  the  Convector  Manufacturers  Association. 

Concealed  heaters  or  convectors  are  generally  sold  as  completely 
built-in  units.  The  enclosing  cabinet  should  be  designed  with  suitable 
air  inlet  and  outlet  grilles  to  give  the  heating  element  its  best  performance. 
Tables  of  capacities  are  catalogued  for  various  lengths,  depths  and  heights, 
and  combinations  are  available  in  several  styles  for  installations,  such  as 
the  wall-hung  type,  free-standing  floor  type,  recess  type  set  flush  with  wall 
or  offset,  and  the  completely  concealed  type.  Most  of  these  types  may  be 
arranged  with  a  top  outlet  grille  in  a  plane  parallel  with  the  floor,  although 
the  front  outlet  is  practically  standard.  In  cases  where  enclosures  are  to 
be  used  but  are  not  furnished  by  the  heater  manufacturer,  it  is  important 
that  the  proportions  of  the  cabinet  and  the  grilles  be  so  designed  that  they 
will  not  impair  the  performance  of  the  assembled  convecton  It  is  impor- 
tant that  the  enclosure  or  housing  for  the  convector  fit  as  snugly  as  pos- 
sible so  that  the  air  to  be  heated  must  pass  through  the  convector  and 
cannot  be  by-passed  in  the  enclosure, 

The  output  of  a  convector,  for  any  given  length  and  depth,  is  a  variable 
of  the  height.  Published  ratings  are  generally  given  in  terms  of  equiva- 
lent square  feet,  corrected  for  heating  effect.  However,  an  extended 
surface  heating  unit  is  entirely  different  structurally  and  physically  from 
a  direct  radiator  and,  since  it  has  no  area  measurement  corresponding  to 
the  heating  surface  of  a  radiator,  many  engineers  believe  that  the  per- 
formance of  convectors  should  be  stated  in  Btu.  For  steam  convectors, 
as  for  radiators,  240  Btu  per  hour  may  be  taken  as  an  equivalent  square 
foot  of  radiation.  When  more  than  one  heating  unit  is  used,  one  mounted 
above  the  other  in  the  same  cabinet,  the  output  of  the  upper  unit  or 
units  will  be  materially  less  than  that  of  the  bottom  unit. 

RADIATOR  AND  CONVECTOR  SELECTION 

The  capacity  of  a  radiator  varies  as  the  1.3  power,  and  that  of  a  con- 
vector10  as  the  1.5  power  of  the  temperature  difference  between  the  heating 
medium  and  the  surrounding  air  in  the  case  of  the  radiators,  and  the 
entering  air  in  the  case  of  the  convector.  It  is  obvious  that  for  conditions 
other  than  the  basic  ones  with  the  heating  medium  at  a  temperature  of 
215  F,  and  the  room  temperature  at  70  F  in  the  case  of  a  radiator,  and  the 
inlet  air  temperature  at  65  F  in  the  case  of  a  convector,  the  heat  emission 
will  be  other  than  240  Btu  per  square  foot  of  rating. 

Table  4  shows  factors  by  which  radiation  requirements,  as  determined 
by  dividing  heat  load  by  240,  shall  be  multiplied  to  obtain  proper  radiator 

9A.S.H.V.E.  Standard  Code  for  Testing  and  Rating  Concealed  Gravity  Type  Radiation  (Steam), 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  37,  1931,  p.  367);  (Hot  Water),  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39, 
1933,  p.  237). 

10A.S.H.V.E.  RESEARCH  REPORT  No.  998 — Factors  Affecting  the  Heat  Output  of  Convectors,  by  A.  P. 
Kratz,  M.  K.  Fahnestock,  and  E.  L.  Broderick  (A.S.H.V.E.  TRANSACTIONS,  Vol.  40,  1934,  p.  443). 
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TABLE  4. 


CORRECTION  FACTORS  FOR  DIRECT  CAST-IRON  RADIATORS  AND 
CONVECTOR  HEATERSa 


STEAM 
PRESS. 
APPROX. 

HEATING 
MEDIUM 
TEMP.F 
STEAM 

OB 

WATER 

FACTORS  FOB  DIRECT 
CAST-IRON  RADIATORS 

FACTORS  FOB  CONVECTORS 

ROOM  TEMFESATTTBE  F 

INLET  Ant  TEMPERATURE  F 

Gage 
Vacuum 
In.  Hg. 

Aba. 
Lbper 
Sqln. 

80 

75 

70 

65 

60 

55 

50 

80 

75 

70 

65 

60 

55 

50 

22.4 

3.7 

150 

2.58 

2.36 

2.17 

2.00 

1.S6 

1.73 

1.62 

3.14 

2.83 

2.57 

2.35 

2.15 

1.98 

1.84 

20.3 

4.7 

160 

2.17 

2.00 

1.86 

1.73 

1.62 

1.52 

1.44 

2.57 

2.35 

2.15 

1.98 

1.84 

1.71 

1.59 

17.7 

6.0 

170 

1.86 

1.73 

1.62 

1.52 

1.44 

1.35 

1.28 

2.15 

1.98 

1.84 

1.71 

1.59 

1.49 

1.40 

14.6 

7.5 

ISO 

1.62 

1.52 

1.44 

1.35 

1.28 

1.21 

1.15 

1.84 

1.71 

1.59 

1.49 

1.40 

1.32 

1.24 

10.9 

9.3 

190 

1.44 

1.35 

1.28 

1.21 

1.15 

1.10 

1.05 

1.59 

1.49 

1.40 

1.32 

1.24 

1.17 

1.11 

6.5 

11.5 

200 

1.28 

1.21 

1.15 

1.10 

1.05 

1.00 

0.96 

1.40 

1.32 

1.24 

1.17 

1.11 

1.05 

1.00 

LbperSqln. 

1 

15.6 

215 

1.10 

1.05 

1.00 

0.96 

0.92 

0.38 

0.85 

1.17 

1.11 

1.05 

1.00 

0.95 

0.91 

0.87 

6 

21 

230 

0.96 

0.92 

0.88 

0.85 

0.81 

0.78 

0.76 

1.00 

0.95 

0.91 

0.87 

0.83 

0.79 

0.76 

15 

30 

250 

0.81 

0.78 

0.76 

0.73 

0.70 

0.68 

0.66 

0.83 

0.79 

0.76 

0.73 

0.70 

0.68 

0.65 

27 

42 

270 

0.70 

0.68 

0.66 

0.64 

0.62 

0.60 

0.58 

0.70 

0.68 

0.65 

0.63 

0.60 

0.5S 

0.56 

52 

67 

300 

0.58 

0.57 

0.55 

0.53 

0.52 

0.51 

0.49 

0.56 

0.54 

0.53 

0.51 

0.49 

0.48 

0.47 

»To  determine  the  size  of  a  radiator  or  a  convector  for  a  given  space,  divide  the  heat  loss  in  Btu  per  hour 
by  240  and  multiply  the  result  by  the  proper  factor  from  the  above  table. 

To  determine  the  heating  capacity  of  a  radiator  or  a  convector  under  conditions  other  than  the  basic 
ones  with  the  heating  medium  at  a  temperature  of  215  F,  and  the  room  temperature  at  70  F  in  the  case  of  a 
radiator,  and  the  inlet  air  temperature  at  65  F  in  the  case  of  a  convector,  divide  the  heating  capacities  at  the 
basic  conditions  by  the  proper  factor  from  the  above  table. 

or  convector  sizes  from  published  rating  tables  for  room  temperatures 
ranging  between  50  and  80  F  as  well  as  for  steam  or  water  temperatures 
from  150  to  300  F.  For  other  room  and  heating  medium  temperatures 
the  factor  is  determined  by  the  following  formulae: 


For  radiators : 
C  =  f  ?15 


-  70\ 


l.3 


For  con  vectors: 

/215  -  65 


fc- 


.5 


where 

Cs  —  correction  factor. 
*s  —  steam  temperature,  degrees  Fahrenheit. 
tt  =  room  temperature,  degrees  Fahrenheit. 
t{  =  average  inlet  air  temperature,  degrees  Fahrenheit. 

As  previously  indicated,  the  output  of  radiators  and  convectors  is  still 
designated  by  the  terms  of  older  practice,  but  this  is  gradually  giving  place 
to  an  engineering  method  of  designating  heat  emission.  The  A.S.H.V.E. 
has  adopted  the  following  standards  :  Code  for  Testing  Radiators  (1927)  ; 
Codes  for  Testing  and  Rating  Concealed  Gravity  Type  Radiation  (Steam)  , 
1931,  and  (Hot  Water),  1933,  (see  also  A.S.H.V.E.  TRANSACTIONS,  Vol. 
41,  1935,  p.  38). 

For  steam  services  the  actual  condensation  weight  is  taken  without  any 
allowance  for  heating  effect;  for  hot  water  services  the  weight  of  circu- 
lated water  is  used  without  allowance  for  heating  effect.  In  all  cases  the 
total  heat  transmission  varies  as  the  1.3  power  for  radiators11  and  the  1.5 
power  for  convectors12  of  the  temperature  difference  between  that  inside 
the  radiator  and  the  air  in  the  room,  and  is  expressed  in  Btu  or  Mb 
per  hour. 


uLoc.  Cit.  Note  9. 

uLoc.  Cit.  Notes  9  and  10. 
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Standard  test  conditions  specify  either  a  steam  pressure  of  1  Ib  gage 
15.6  Ib  per  square  inch  absolute  (215  F)  or  an  average  hot  water  tempera- 
ture of  170  F  and  a  room  temperature  of  70  F  (5  ft  above  floor)  for 
radiators,  or  an  inlet  air  temperature  of  65  F  for  convectors.  The  heating 
capacity  of  a  steam  radiator  or  steam  convector  is  determined  as  follows : 


(1) 

where 

Ht  —  Btu  per  hour  under  test  conditions. 
W*  =  condensation  in  pounds  per  hour. 
hfg  =  latent  heat  in  Btu  per  pound. 

Ht  may  be  converted  to  standard  conditions  of  code  ratings  by  using 
the  proper  correction  factor  from  the  following  formulae : 
For  radiators: 

_  /215  -  7Q\l.3  _  /      145      \i.a 

—   V  "T — __  7-    )        —  \  "r*    _  7-     1  {*) 

For  convectors: 

/215-65\i.s  _  /      150      V-5 
s  ~    V  rs  -  Ti  )       ~  \Ts-Ti  )  (d} 

The  output  under  standard  conditions  will  be: 

ffs  -  Cs  Ht  (4) 

where 

Cs  =  correction  factor. 

Ts  =  steam  temperature  during  test,  degrees  Fahrenheit. 

rr  —  room  temperature  during  test,  degrees  Fahrenheit. 

Ti  —  inlet  air  temperature  during  test,  degrees  Fahrenheit. 

HS  =  heat  emission  rating  under  standard  conditions,  Btu  per  hour. 

Similarly,  for  hot  water  convectors,  the  output  under  test  conditions  may 
be  determined  as  follows : 


H  -  W  (6,  -  8.)  (5) 

where 

H  ~  Btu  per  hour  under  test  conditions. 
W  =  pounds  of  water  handled  during  test. 

81  =  average  temperature  of  inlet  water,  degrees  Fahrenheit. 

82  =  average  temperature  of  outlet  water,  degrees  Fahrenheit. 
t  =  duration  of  test,  seconds. 

To  convert  test  results  to  standard  conditions,  the  following  correction 
factor  is  used: 


It  has  been  shown  that  when  the  exponent  1.5  is  used  the  range  of  error 
is  less  than  3  per  cent13  for  convectors. 


»Loc.  Cit.  Note  10. 
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Chapter  13 

STEAM  HEATING  SYSTEMS 

Gravity  and  Mechanical  Return,  Gravity  One-Pipe  Air-Vent, 
Gravity  Two-Pipe  Air-Vent,  Air  Line  Heating 9  One-Pipe  Vapor, 
Ttco-Pipe  Vapor,  Atmospheric,  Condensation  Return,  Vacu- 
um, Sub -Atmospheric,  Orifice,  Zone  Control,  Condensation 
Return  Pumps,  Vacuum  Heating  Pumps,  Traps 

STEAM   heating  systems  may  be  classified  according  to   the  pipe 
arrangement,  the  accessories  used,  the  method  of  returning  the  con- 
densate  to  the  boiler,  the  method  of  expelling  air  from  the  system,  or  the 
type  of  control  employed.    Information  concerning  the  design  and  layout 
of  steam  heating  systems  will  be  found  in  Chapter  14. 

GRAVITY  AND  MECHANICAL  RETURN 

Systems  are  classified  as  gravity  or  mechanical  according  to  the  method 
of  returning  the  condensate  from  the  system  to  the  boiler.  In  gravity 
systems  the  condensate  is  returned  by  gravity  due  to  the  static  head  of 
water  in  the  return  pipes  or  mains.  The  elevation  of  the  boiler  water 
line  must  be  sufficiently  below  the  lowest  heating  unit,  steam  pipe  or  dry 
return  pipe  to  permit  the  return  by  gravity.  The  water  line  difference 
forming  the  static  head  must  be  sufficient  to  overcome  the  maximum 
pressure  drop  in  the  system,  including  the  pressure  drop  due  to  the 
condensing  effect  of  the  radiation.  When  radiator  and  drip  traps  are 
used,  as  in  two-pipe  vapor  systems,  the  static  pressure  must  also  exceed 
the  operating  pressure  of  the  boiler.  The  pressure  drop  caused  by  con- 
densing rate  of  the  radiation  is  especially  important  during  those  portions 
of  the  operating  periods  where  changing  pressure  conditions  prevail,  as 
for  example,  when  the  system  is  being  initially  filled  with  steam.  In 
systems  where  the  condensate  is  wasted  to  the  sewer,  no  water  line  differ- 
ence is  required  as  is  the  case  with  closed  systems.  However,  the  waste  of 
condensate  may  introduce  conditions  which  warrant  the  use  of  an 
appropriate  mechanical  system.  Whenever  the  conditions  of  a  heating 
system  are  such  that  the  returns  from  the  radiation  cannot  gravitate  to 
the  boiler,  they  must  be  returned  by  some  mechanical  means. 

In  mechanical  systems  the  condensate  flows  to  a  receiver  by  gravity  and 
is  then  forced  into  the  boiler  against  its  pressure.  In  all  instances  the 
preferable  practice  is  to  provide  for  gravity  flow  even  where  a  vacuum 
pump  is  used.  The  lowest  parts  of  the  supply  side  of  the  system  must  be 
kept  sufficiently  above  the  water  line  of  the  receiver  to  insure  adequate 
drainage  of  water  from  the  system. 
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There  are  three  general  types  of  mechanical  return  devices  in  common 
use,  namely,  (1)  the  mechanical  return  trap,  (2)  the  condensation  return 
pump,  and  (3)  the  vacuum  return  line  pump. 


Air  valve- 


Riser- 


Supply  main 


\ 


Air  valve 


Riser  dripped 
Boiler  water  line-^ 


Hartford 

return  _• 

connection 


FIG.  1.   TYPICAL  UP-FEED  GRAVITY  ONE-PIPE  AIR-VENT  SYSTEM 


GRAVITY  ONE-PIPE  AIR-VENT  SYSTEM 

This  system  is  the  most  common  of  all  methods  of  steam  heating, 
especially  for  small  size  installations,  due  largely  to  its  low  cost  and 
simplicity. 


Up  to  radiator  or  riser^ 
.  Pitch.  ^  in.  per  ft 


•Steam  main 

— 3  ft  approximately  - 


FIG.  2.    TYPICAL  STEAM  RUNOUT  WHERE     FIG.  3.    TYPICAL  STEAM  RUNOUT  WHERE 
RISERS  ARE  NOT  DRIPPED  RISERS  ARE  DRIPPED 


The  downward  pitch  of  a  one-pipe  air- vent  system  is  indicated  in  Fig.  1. 
Low  points  and  ends  of  steam  mains  pitched  down  from  the  boiler 
should  be  dripped.  All  drips  should  be  sealed  below  water  line  before 
connecting  together.  In  the  risers  and  radiator  connections,  steam  and 
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condensation  flow  in  opposite  directions.  In  long  steam  mains  it  flows  in 
the  same  direction  as  the  steam  and  is  removed  from  the  main  through 
the  drip.  Short  mains  may  be  arranged  for  the  condensate  to  flow  in  a 
direction  opposite  the  steam  by  sizing  them  so  the  critical  velocity  is  not 
exceeded.  It  is  customary  to  drip  the  heel  of  each  riser  in  buildings  of 
several  stories  to  avoid  counter-flow  of  the  steam  and  condensate  in  the 
riser  branch.  In  buildings  of  one  or  two  stories  the  condensate  is  returned 
to  the  steam  main  instead  of  being  dripped.  Both  types  of  risers  are 
shown  in  Fig.  1,  and  riser  connections  are  shown  in  Figs.  2  and  3.  A 
typical  overhead  down-feed  system  is  illustrated  in  Fig.  4.  While  wet 
return  mains  need  not  be  pitched  toward  the  boiler  to  maintain  steam 
circulation,  they  should  be  pitched  for  drainage. 


^Supply  main 


Supply  riser- 


Hartford 

return 

connection- 


FIG.  4.   TYPICAL  DOWN-FEED  GRAVITY  ONE-PIPE  AIR- VENT  SYSTEM 


To  improve  steam  circulation  in  one-pipe  systems  quick  vent  air  valves 
should  be  provided  at  the  ends  and  at  intermediate  points  where  the 
steam  main  is  brought  to  a  higher  elevation.  It  is  desirable  to  install  the 
air- vent  valves  about  a  foot  ahead  of  the  drips,  as  indicated  in  Fig.  1, 
to  prevent  possible  damage  to  their  mechanisms  by  water. 

The  radiator  valves  may  be  the  angle-globe,  offset-corner  pattern  or 
gate  type.  Straight-globe  and  straight-corner  type  should  not  be  used 
since  the  damming  effect  of  the  raised  valve  seat  would  interfere  with  the 
flow  of  condensation  through  the  valve.  Graduated  valves  cannot  be 
used  since  the  steam  valves  on  this  system  must  be  fully  open  or  fully 
closed  to  prevent  the  radiators  filling  with  water  and  creating  a  dangerous 
water  line  condition.  With  a  one-pipe  system  the  heat  cannot  be  modu- 
lated at  the  radiator,  the  steam  being  either  all  on  or  all  off.  Systems  and 
devices  are  available  which  make  it  possible  to  obtain  a  partial  modulating 
effect  from  one-pipe  heating  systems. 
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It  is  important  to  keep  the  lowest  points  of  the  steam  mains  and  heating 
units  sufficiently  above  the  water  line  of  the  boiler  to  prevent  flooding. 
The  minimum  water  line  difference  depends  on  the  initial  steam  pressure 
and  piping  pressure  drop  plus  a  safety  factor  for  heating  up. 


JL 

Boiler  steam 

I,.  j  -1  ri  j-  L. 

Steam  pressure  at 
pressure                   &nd  of  main 
1  Return  water 
--Water  line  of  boiler.    -fHs    line 
^Mf-fr-  Rise  -water 
line  difference 
L  —  Level  —  -     *Wet  return  J  | 

> 

IT"""      """" 

.JU,  

/Floor 

FIG.  5.    DIFFERENCE  IN  STEAM  PRESSURE  ON  WATER  IN  BOILER 
AND  AT  END  OF  STEAM  MAIN 

Referring  to  Fig.  5  it  will  be  noted  that  the  water  in  the  wet  return  is  a  U-shaped 
container,  with  the  boiler  steam  pressure  on  the  top  of  the  water  at  one  end  and  the  steam 
main  pressure  on  the  top  of  the  water  at  the  other  end.  The  difference  between  these  two 
pressures  is  the  pressure  drop  in  the  system,  i.e.,  the  friction  and  resistance  to  the  flow  of 
steam  in  passing  from  the  boiler  to  the  far  end  of  the  main  and  the  pressure  reduction  in 
consequence  of  the  condensation  occurring  in  the  system.  The  water  in  the  far  end  will 


Air  valve 


Hartford 

return 

connection 

Drain- 


FIG.  6.   TYPICAL  UP-FEED  GRAVITY  TWO-PIPE  AIR- VENT  SYSTEM 


rise  sufficiently  to  overcome  this  difference  in  order  to  balance  the  pressures,  and  it  will 
rise  far  enough  to  produce  a  flow  through  the  return  pipe  and  overcome  the  resistance  of 
check  valves  if  installed. 

If  a  one-pipe  steam  system  is  designed,  for  example,  for  a  total  pressure  drop  of  y%  Ib, 
and  utilizes  an  Underwriters'  Loop  instead  of  a  check  valve  on  the  return,  the  rise  in  the 
water  level  at  the  far  end  of  the  return  due  to  the  difference  in  steam  pressure  would  be 
J^of  28  in.  (28  in.  head  being  equal  to  one  pound  per  square  inch),  or  3}^  in.  Adding 
3  in.  to  overcome  the  resistance  of  the  return  main  and  6  in.  as  a  factor  of  safety  for 
heating  up  gives  12%  in.  as  the  distance;  the  bottom  of  the  lowest  part  of  the  steam  main 
and  all  heating  units  must  be  above  the  boiler  water  line.  The  same  system,  however, 
installed  and  sized  for  a  total  pressure  drop  of  y%  Ib,  and  with  a  check  in  the  return, 
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would  require  H  of  28  In.,  or  14  in.  for  the  difference  in  steam  pressure,  3  in.  for  the  flow 
through  the  return,  4  in.  to  operate  the  check,tand  6  in.  for  a  factor  of  safety,  making  a 
total  of  27  in.  as  the  required  distance.  Higher  pressure  drops  would  increase  the 
distance  accordingly. 

GRAVITY  TWO-PIPE  AIR-VENT  SYSTEMS 

The  gravity  two-pipe  system  indicated  in  Fig.  6  is  now  considered 
obsolete  although  many  of  these  systems  are  still  in  use  in  older  buildings. 
The  same  general  principles  governing  its  piping  design  are  used  when 
connecting  radiators  as  in  other  types  of  gravity  systems  where  they  must 
discharge  their  condensation  to  the  wet  return  pipe.  Separate  supply 
and  return  mains  and  connections  are  required  for  each  heating  unit. 
Radiator  valves  are  required  in  both  the  supply  and  return  connection  to 
the  radiator,  and  air  valves  are  installed  on  the  heating  units  and  the 
mains.  Where  the  return  main  has  to  be  located  high  to  function  as  a 


Return  from  radiatofs-»f 
-•—  P«toh 


FIG.  7. 


METHOD  OF  CONNECTING  TWO-PIPE  GRAVITY 
RETURNS  TO  DRY  RETURN  MAIN 


dry  return,  it  is  advisable  to  connect  the  return  risers  to  the  dry  return 
main  through  water  seals,  as  shown  in  Fig.  7,  to  prevent  steam  from  one 
riser  entering  another. 

The  steam  main  in  the  down-feed  system  is  carried  to  the  top  of  the 
building,  and  the  piping  of  the  steam  side  is  arranged  as  in  the  down-feed 
one-pipe  gravity  system.  On  the  return  side  of  the  system,  the  piping  is 
arranged  in  exactly  the  same  manner  as  the  up-feed  gravity  two-pipe 
system. 

AIR  LINE  HEATING  SYSTEMS 

Both  one-  and  two-pipe  systems  are  at  times  provided  with  air  valves 
which,  instead  of  venting  to  the  atmosphere  direct,  vent  to  a  return  pipe 
system  of  small  size,  which  in  turn  is  vented  to  atmosphere  or  connected 
to  a  vacuum  pump.  These  are  known  as  one-pipe  and  two-pipe  air  line 
systems.  Where  the  air  line  is  exhausted  by  a  vacuum  pump  they  are 
termed  one-pipe  or  two-pipe  vacuum  air  line  systems. 

ONE-PIPE  VAPOR  SYSTEM 

The  one-pipe  vapor  system  operates  under  pressures  at  or  near  atmos- 
pheric and  returns  its  condensation  to  the  boiler  by  gravity.  In  this 
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system  the  automatic  air  valves  are  of  special  design  to  permit  the  ready 
release  of  air  and  prevent  its  ready  return  after  it  is  expelled.  The  steam 
radiator  valves  are  a  type  which,  when  opened,  give  a  free  and  unob- 
structed passageway  for  water.  The  piping  is  the  same  as  for  the  one-pipe 
gravity  system  but  sized  so  as  to  permit  operation  at  a  few  ounces 
pressure. 

TWO-PIPE  VAPOR  SYSTEM 

A  two-pipe  up-feed  vapor  system  using  separate  supply  and  return 
pipes  is  shown  in  Fig.  8.  The  radiators  discharge  their  condensation 
through  thermostatic  traps  to  the  dry  return  pipe.  These  systems  operate 
at  a  few  ounces  pressure  and  above,  but  those  with  mechanical  condensate 
return  devices  may  operate  at  pressures  upward  of  10  Ib.  The  simplest 
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FIG.  8.    TYPICAL  UP-FEED  SYSTEM  WITH  AUTOMATIC  RETURN  TRAPa 

•Proper  piping  connections  are  essential  with  special  appliances  for  pressure  equalizing  and  air  elimination* 

method  of  venting  the  system  consists  of  a  %-in.  pipe  with  a  check  valve 
opening  outward.  Most  systems  employ  various  forms  of  vent  valves, 
designed  to  allow  the  air  to  readily  pass  out  of  the  system  and  to  prevent 
its  return.  These  systems  permit  control  of  the  heat  in  the  radiator  by 
varying  the  opening  of  the  graduated  radiator  valves.  The  boiler  pressure 
is  maintained  at  substantially  constant  pressure  slightly  above  atmos- 
pheric pressure. 

These  systems  may  be  classified  as  (1)  closed  systems,  consisting  of  those 
which  have  a  device  to  prevent  the  return  of  air  after  it  has  once  been 
expelled  from  the  system,  and  which  can  operate  at  both  super  and  sub- 
atmospheric  pressures  for  a  period  of  four  to  eight  hours  depending  upon 
the  tightness  of  the  system  and  rate  of  firing,  and  (2)  open  systems,  com- 
prising those  which  have  the  return  line  constantly  open  to  the  atmos- 
phere without  a  check  or  other  means  to  prevent  the  return  of  air.  The 
open  systems  are  not  so  popular  because  they  have  the  disadvantage  of 
not  holding  heat  when  the  rate  of  steam  generation  is  diminishing.  Sys- 
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tems  of  this  design  should  preferably  be  equipped  with  an  automatic 
return  trap  to  prevent  water  from  backing  out  of  the  boiler.  In  installing 
the  return  trap  a  check  valve  is  inserted  in  the  return  main  at  a  point  near 
the  boiler  and  a  vertical  pipe  is  run  up  into  the  bottom  of  the  return  trap, 
which  is  usually  located  with  the  bottom  about  18  in.  above  the  boiler 
water  line.  Some  traps  are  constructed  so  that  they  will  operate  when 
they  are  installed  with  their  bottom  as  close  as  8  in.  above  the  boiler  water 
line.  On  the  other  side  of  this  connection  a  second  check  valve  is  installed 
in  the  main  return  just  before  it  enters  the  boiler.  Fig.  9  shows  a  typical 
connection  for  an  automatic  return  trap. 
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FIG.  9.   TYPICAL  CONNECTIONS  FOR  AUTOMATIC  RETURN  TRAP 

Down-Feed  Two-Pipe  Vapor  System 

In  the  down-feed  two-pipe  vapor  system  the  steam  is  carried  to  the  top 
of  the  building,  the  top  of  the  vertical  riser  constituting  the  high  point  of 
the  system,  and  the  horizontal  supply  main  is  sloped  down  from  this 
location  to  the  far  ends  of  each  branch.  The  branches  are  taken  off  the 
main  from  the  bottom  or  at  a  45-deg  angle  downward,  with  the  runouts 
sloped  toward  the  drops.  Thus  each  branch  from  the  main  forms  a  drip 
and  no  accumulation  of  water  is  carried  down  any  one  drop. 

The  steam  drops  are  carried  down  through  the  building  with  suitable 
reductions  as  the  various  radiator  connections  are  taken  off  until  the 
lowest  radiator  runout  is  reached.  If  the  drop  is  only  two  or  three  stories 
high,  the  portion  feeding  the  bottom  radiator  should  be  increased  one 
pipe  size  to  provide  for  draining  the  riser,  and  if  the  drop  is  over  three 
stories  high  it  is  well  to  increase  the  portion  feeding  the  two  lowest  radi- 
ators one  or  two  pipe  sizes,  especially  if  the  two  lowest  radiators  are  small 
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and  the  normal  size  of  drop  required  is  1  in.  or  less.  The  bottom  of  each 
steam  drop  should  terminate  with  a  dirt  pocket  and  be  dripped  as  shown 
in  Fig.  10.  The  returns  on  a  down-feed  vapor  system  are  the  same  as  on 
an  up-feed  system.  The  runouts  to  the  radiators  and  the  radiator  con- 
nections of  the  down-feed  system  are  the  same  as  those  for  the  up-feed 
system  already  described. 

CONDENSATION  RETURN  HEATING  SYSTEMS 

When  automatic  condensation  return  pumps  are  substituted  for  the 
gravity  return  of  a  two-pipe  vapor  system  they  are  known  as  return 
systems  or  return  pump  heating  systems.  A  typical  installation  of  a  motor 
driven  automatic  condensation  unit  is  illustrated  in  Fig.  11.  It  will  be 
noted  that  the  returns  are  graded  to  cause  flow  by  gravity  to  the  vented 
receiver.  As  the  receiver  is  filled,  the  float  mechanism  operates  either  a 
pilot  or  an  across-the-line  switch  to  start  the  pump  and,  upon  emptying 
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FIG.  10.    DETAIL  OF  DRIP  CONNECTIONS  AT 
BOTTOM  OF  DOWN-FEED  STEAM  DROP 

the  tank,  to  disconnect  the  power  and  stop  it.  The  pump  may  be  used  to 
deliver  the  condensate  direct  to  the  boiler,  to  a  feed  water  heater  or  to 
raise  the  water  to  any  higher  elevation  or  pressure  than  that  of  the  return 
line.^  A  useful  application  is  a  small  condensation  unit  to  handle  a  remote 
section  of  radiation  that  otherwise  would  be  difficult  to  grade  to  the 
main  return. 

VACUUM  SYSTEMS 

In  ^the  vacuum  ^system,  a  vacuum  is  maintained  in  the  return  line 
practically  at  all  times.  The  pump  is  usually  controlled  by  a  vacuum 
regulator  which  operates  the  pump  to  maintain  the  vacuum  within  limits 
and  operates  in  response  to  a  pressure  difference  between  the  atmosphere 
and  the  return  to  control  the  vacuum  in  the  return  main.  The  source  of 
steam  supply  may  be  a  low  pressure  boiler  as  shown  in  Fig.  12,  or  a  high 
pressure  line  through  a  pressure  reducing  valve.  The  piping  and  other 
details  are  the  same  as  for  the  vapor  systems. 

The  return  risers  are  connected  in  the  basement  into  a  common  return 
main  which  slopes  downward  toward  the  vacuum  pump.  The  vacuum 
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pump  withdraws  the  air  and  water  from  the  system,  separates  the  air 
from  the  water  and  expells  it  to  atmosphere  and  pumps  the  water  back  to 
the  boiler,  or  other  receiver,  which  may  be  a  feed-water  heater  or  hot 
well.  It  is  essential  that  no  connection  be  made  from  the  supply  side  to 
the  return  side  at  any  point  except  through  a  trap.  The  desirable  practice 
demands  a  return  flowing  to  the  vacuum  pump  by  an  uninterrupted  down- 
ward slope.  In  some  instances  local  conditions  make  it  necessary  to  drop 
the  return  below  the  level  of  the  vacuum  pump  inlet,  before  the  pump  can 
be  reached.  In  such  an  event  one  of  the  advantages  of  the  vacuum 
system  is  the  ability  to  raise  the  condensate  to  a  considerable  height  by  the 
suction  of  the  vacuum  pump  by  means  of  a  lift  connection  or  fitting 
inserted  in  the  return.  The  height  the  condensate  can  be  raised  depends 
on  the  steam  pressure  and  the  amount  of  vacuum  maintained.  It  is 


Trap 


-Air  vent 

-Automatic  pump  and  receiver 

'-pass  to  drain 
FIG.  11.    TYPICAL  INSTALLATION  USING  CONDENSATION  PUMP 

preferable  to  limit  lift  connections  to  a  single  lift  at  the  vacuum  pump.  A 
still  more  preferable  arrangement  is  the  use  of  an  accumulator  tank,  or 
receiver  tank,  with  a  float  control  for  the  pump  at  the  low  point  of  the 
return  main  located  adjacent  to  the  vacuum  pump. 

When  the  vertical  lift  is  considerable,  several  lift  fittings  should  be  used 
in  steps  as  shown  in  Fig.  13.  This  permits  a  given  lift  to  be  secured  with  a 
somewhat  lower  vacuum  than  where  the  vertical  distance  is  served  by  a 
single  lift.  Where  several  lifts  are  present  in  a  given  system  at  different 
locations,  the  lifting  cannot  occur  until  the  entire  system  is  filled  with 
steam.  A  lift  connection  for  location  close  to  the  pump,  where  the  size 
may  be  above  the  commercial  stock  sizes,  is  shown  in  Fig.  14.  It  is 
desirable  that  means  be  provided  for  manually  draining  the  low  point  of 
the  lift  fittings  to  eliminate  from  the  return  piping  all  water  in  danger  of 
freezing  in  case  the  system  is  shut  down  for  a  considerable  length  of  time. 
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Down- Feed  Vacuum  System 

The  piping  arrangement  for  the  down-feed  vacuum  system  is  similar 
on  the  supply  side  to  the  down-feed  vapor  system  in  that  it  has  similar 
runouts,  radiator  valves,  drips  on  the  bottom  of  the  steam  drops,  and 
enlargement  of  the  drops  for  the  lower  radiator  connections.  The  return 
side  of  the  system  is  exactly  the  same  as  the  up-feed  system  except  that 
the  steam  riser  drips  at  the  bottom  are  connected  into  the  return  line 
through  thermostatic  traps.  It  is  preferable  to  take  the  runouts  for  the 
risers  from  the  bottom  or  at  a  45-deg  angle  down  from  the  steam  main 
so  that  they  may  serve  as  steam  main  drips.  When  this  is  done  it  is 
practical  to  run  the  steam  main  level  if  a  runout  is  located  at  every  change 
in  pipe  size,  or  if  eccentric  fittings  are  used  (Fig.  15).  A  slight  pitch  in  the 
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FIG.  12.    TYPICAL  UP-FEED  VACUUM  PUMP  SYSTEM 

steam  main,  however,  should  be  used  when  possible.     An  overhead 
vacuum  down-feed  system  is  shown  diagrammatically  in  Fig.  16. 

SUB-ATMOSPHERIC  SYSTEMS 

Sub-atmospheric  systems  are  similar  to  vacuum  systems  but,  in  con- 
trast, provide  control  of  building  temperature  by  variation  of  the  heat 
output  from  the  radiators.  The  radiator  heat  emission  is  controlled  by 
varying  the  pressure,  temperature  and  volume  of  steam  in  circulation. 
These  systems  differ  from  the  ordinary  vacuum  system  in  that  they  main- 
tain a  controllable  partial  vacuum  on  both  the  supply  and  return  sides  of 
the  system,  instead  of  only  on  the  return  side.  In  the  vacuum  system, 
steam  pressure  above  that  of  the  atmosphere  exists  in  the  supply  mains 
and  radiators  practically  at  all  times.  In  the  sub-atmospheric  system, 
atmospheric  pressure  or  higher  exists  in  the  steam  supply  piping  and 
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radiators  only  during  severe  weather.  Under  average  winter  temperature 
the  steam  is  under  partial  vacuum  which  in  mild  weather  may  reach  as 
high  as  25  in.  Hg.,  after  which  further  reduction  in  heat  output  is  obtained 
by  restricting  the  quantity  of  steam. 

The  rate  of  steam  supply  is  controlled  by  a  valve  in  the  steam  main  or 
by  thermostatically  controlling  the  rate  of  steam  production  in  the  boiler. 
The  control  valve  may  be  of  the  automatic  modulating  or  floating  type 
governed  thermostatically  from  selected  control  points  in  the  building,  or 
it  may  be  a  special  pressure  reducing  valve  which  will  maintain  the 
desired  sub-atmospheric  pressures  by  continuous  flow  into  the  heating 
main.  All  radiator  supply  valves  have  incorporated  adjustable  orifices 
or  are  equipped  with  regulating  orifice  plates.  The  sizes  of  orifices  used 
are  larger  than  for  orifice  systems  because  for  equal  radiator  sizes  the 
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FIG.  15.    METHOD  OF  CHANGING  SIZE  OF  STEAM  MAIN  WHEN  RUNOUTS 
ARE  TAKEN  FROM  TOP 

volume  flowing  is  larger.  These  orifices  are  omitted  on  some  systems, 
depending  upon  the  type  of  control.  Radiator  traps  and  drips  are 
designed  to  operate  at  any  pressure  from  15  Ib  gage  to  26  in.  of  Hg.  A 
vacuum  pump  capable  of  operating  at  high  vacuum  is  preferable  to 
promote  accuracy  in  the  distribution  of  steam  throughout  the  system, 
particularly  in  mild  weather.  This  vacuum  is  partially  self  induced  by 
the  condensation  of  the  steam  in  the  system  under  conditions  of  restricted 
supply  for  reduction  of  the  radiator  heat  emission. 

The  returns  must  grade  downward  constantly  and  uninterruptedly  from 
the  radiator  return  outlets  to  the  inlet  of  the  receiver  of  the  vacuum  pump. 
One  radical  difference  between  this  and  the  ordinary  vacuum  system  is 
that  no  lifts  should  be  made  in  the  return  line,  except  at  the  vacuum 
pump.  The  receivers  are  placed  at  a  lower  level  than  the  pump  and 
equipped  with  float  control  so  the  pump  may  operate  as  a  return  pump 
under  night  conditions.  The  system  may  be  operated  in  the  same  manner 
as  the  ordinary  vacuum  system  when  desired. 
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Steam  for  heating  domestic  hot  water  should  be  taken  from  the  boiler 
header  back  of  the  control  valve  so  that  pressures  sufficiently  high  for 
heating  the  water  may  be  maintained  on  the  heater.  The  sub-atmos- 
pheric method  of  heating  can  be  used  for  the  heating  coils  of  ventilating 
and  air  conditioning  systems.  The  flexible  control  of  heat  output  secured 
by  this  method  materially  reduces  the  required  size  of  by-pass  around  the 
heaters.  Sub-atmospheric  systems  are  proprietary. 

ORIFICE  SYSTEMS 

Orifice  systems  of  steam  heating  may  have  piping  arrangements  identi- 
cal with  vacuum  systems.  Some  of  these  omit  the  radiator  thermostatic 
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FIG.  16.   TYPICAL  DOWN-FEED  VACUUM  SYSTEM 

traps  but  use  thermostatic  or  combination  float  and  thermostatic  traps 
on  all  drip  points.  A  return  condensation  pump  with  receiver  vented  to 
atmosphere,  a  return  line  vacuum  pump,  or  a  return  trap,  is  generally 
used  to  return  the  condensation  to  the  boiler  or  place  of  similar  disposition, 
such  as  a  feed-water  heater  or  hot  well.  The  heat  emission  from  the 
radiators  is  controlled  by  varying  the  pressure  maintained  in  the  steam 
supply  piping. 

The  principle  on  which  these  systems  operate  is  based  on  the  fact  that 
the  steam  flow  through  an  orifice  will  vary  when  the  ratio  of  the  absolute 
pressures  on  the  two  sides  of  the  orifice  exceeds  58  per  cent.  If  the  abso- 
lute pressure  on  the  outlet  side  is  less  than  58  per  cent  of  the  absolute 
pressure  on  the  inlet  side,  no  further  increase  in  flow  will  be  obtained  as  a 
result  of  the  increased  pressure  difference.  If  an  orifice  is  so  designed  in 
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size  as  to  exactly  fill  a  radiator  with  2  Ib  gage  on  one  side  and  %  Ib  gage 
on  the  other,  the  absolute  pressure  relation  is: 

=  °-90  or  90  P«  cent- 


Should  the  steam  pressure  be  dropped  to  M  Ib  on  the  supply  pipe,  the 
pressure  on  each  side  of  the  orifice  would  be  balanced  and  no  steam  flow 
would  take  place.  From  this  it  will  be  apparent  that  if  an  orifice  of  a 
given  diameter  will  fill  a  given  radiator  with  steam  when  there  is  a  given 
pressure  on  the  main,  reducing  this  steam  main  pressure  will  permit  filling 
various  desired  portions  of  the  radiator  down  to  the  point  where  the  main 
pressure  equals  the  back  pressure  in  the  radiator  provided  the  supply  pipe 
pressures  may  be  controlled  sufficiently  close.  If  orifices  are  designed  on 
a  similar  basis  for  a  given  system  and  proportioned  to  the  heating  capacity 
of  the  radiators  they  serve,  all  radiators  will  heat  proportionately  to  the 
steam  pressure.  The  range  of  pressure  variation  is  limited  by  the  per- 
missible noise  level  of  the  steam  flowing  under  the  pressure  difference 
required  for  maximum  heat  output.  The  control  of  the  steam  supply  is 
obtained  by  a  valve  placed  in  the  steam  main,  which  maintains  a  deter- 
mined pressure  ;  or  by  a  boiler  pressure  control.  The  valves  are  frequently 
manually  set  from  a  remote  location,  guided  by  temperature  indicating 
stations  in  the  building;  or  thermostatically  controlled  from  a  thermostat 
on  the  roof,  which  automatically  measures  the  differential  of  outside  and 
inside  temperatures.  Since  the  range  through  which  the  pressures  may  be 
varied  is  usually  from  0  to  4.0  Ib  gage,  the  control  should  be  capable  of 
maintaining  close  regulation  to  maintain  the  desired  space  temperatures, 
particularly  in  mild  weather. 

Some  systems  use  orifices  not  only  in  radiator  inlets  but  also  at  different 
points  in  the  steam  supply  piping  for  the  purpose  of  balancing  the  system 
to  a  greater  extent.  In  this  manner  the  difference  between  the  initial  and 
terminal  pressure  in  the  steam  main  may  be  compensated  to  a  great 
extent.  For  example,  if  the  initial  pressure  was  3  Ib  gage  and  the  pressure 
at  the  end  of  the  main  was  2  Ib,  an  orifice  could  be  used  in  each  branch  for 
the  purpose  of  obtaining  a  more  uniform  pressure  throughout  the  system. 
Such  a  provision  may  be  particularly  useful  in  this  system  for  branches 
close  to  the  boiler  where  the  drop  in  the  main  has  not  yet  been  produced. 
Orifice  systems  are  proprietary. 

CONDENSATION  RETURN  PUMPS 

Condensation  return  pumps  are  used  for  gravity  systems  when  the 
local  conditions  do  not  permit  the  condensation  to  return  to  the  boiler 
under  the  existing  static  head.  The  return  of  the  condensate  permits  the 
water  to  repeatedly  go  through  the  cycle  of  vaporization,  with  subsequent 
condensation  and  return  to  the  boiler.  During  such^  repeated  cycles  any 
incrustants  or  other  substances  in  solution  are  precipitated  and  the  water 
de-activated  to  a  considerable  extent  so  that  corrosion  of  a  serious  nature 
is  seldom  ever  encountered  where  the  condensate  is  repeatedly  used. 
Serious  corrosion  is  more  frequently  found  in  systems  where  the  conden- 
sation is  not  repeatedly  used  but  is  wasted  and  fresh  make-up  water  is 
continually  being  introduced. 

The  most  generally  accepted  condensation  pump  unit  for  low  pressure 
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heating  systems  consists  of  a  motor-driven  centrifugal  pump  with  receiver 
and  automatic  float  control.  Other  types  in  use  include  rotary,  screw 
and  reciprocating  pumps  with  steam  turbine  or  motor  drive,  and  direct- 
acting  steam  reciprocating  pumps. 

The  receiver  capacities  of  these  automatic  units  should  be  sized  so  as 
not  to  cause  too  great  a  fluctuation  of  the  boiler  water  line  if  fed  directly 
to  the  boiler  and  at  the  same  time  not  so  small  as  to  cause  too  frequent 
operation  of  the  unit.  The  usual  unit  provides  storage  capacity  between 
stops  in  the  receiver  of  approximately  1.5  times  the  amount  of  condensate 
returned  per  minute  and  the  pump  generally  has  a  delivery  rate  of  3  to  4 
times  the  normal  flow.  This  relation  of  receiver  and  pump  size  to  heating 
system  condensing  capacity  takes  account  of  the  peak  condensation  rate. 

VACUUM  HEATING  PUMPS 

On  vacuum  systems,  where  the  returns  are  under  a  vacuum,  and  sub- 
atmospheric  systems,  where  the  supply  piping,  radiation  and  the  returns 
are  under  a  vacuum,  it  is  necessary  to  use  a  vacuum  pump  to  discharge  the 
air  and  non-condensable  gases  to  atmosphere  and  to  dispose  of  the 
condensation.  Direct-acting  steam  driven  reciprocating  vacuum  pumps 
are  sometimes  used  where  high  pressure  steam  is  available  or  where  the 
exhaust  steam  from  the  pump  can  be  utilized.  In  general,  however,  these 
have  been  replaced  by  the  automatic  motor-driven  return  line  heating 
pump  especially  developed  for  this  service.  Steam  turbine  drive  is  also 
frequently  used  where  steam  at  suitable  pressures  is  available,  the  steam 
being  used  afterward  for  building  heating.  The  usual  vacuum  pump 
unit  consists  of  a  compact  assembly  of  exhausting  unit  for  withdrawing 
the  air- vapor  mixture  and  discharging  the  air  to  atmosphere  and  a  water 
removal  unit  which  discharges  the  condensate  to  the  boiler.  They  are 
furnished  complete  with  receiver,  separating  tank  and  automatic  controls 
mounted  as  an  integrated  unit  on  one  base.  There  are  also  special  steam 
turbine  driven  units  which  are  operated  by  passing  the  steam  to  be  used 
in  heating  the  building  through  the  turbine  with  only  a  2  to  3  Ib  drop 
across  the  turbine  required  for  its  operation.  Under  special  conditions 
such  as  installations  where  it  is  necessary  to  return  the  condensate  to  a 
high  pressure  boiler,  auxiliary  water  pumps  may  be  supplied.  In  some 
instances  separate  air  and  water  pumps  may  be  used. 

Practically  all  automatic  motor-driven  return  line  vacuum  heating 
pumps  make  use  of  a  portion  of  the  condensate  to  operate  either  as  a 
liquid  piston  pump  or  as  a  kinetic  exhauster  (which  operate  on  a  modified 
ejector  principle)  to  withdraw  the  air  and  condensate  from  the  system, 
discharge  the  air  to  atmosphere  and  return  the  condensate  to  the  boiler. 
Some  type  of  hydraulic  action  is  utilized  to  produce  the  suction.  Such 
hydraulic  evacuating  devices  may  be  classified  as: 

a.  Water  ring  centrifugal  displacement  pumps. 

b.  Water  piston  pumps. 

c.  Stationary  kinetic  exhauster  pumps. 

d.  Rotary  kinetic  ejector  pumps. 

The  ^  evacuating  element  is  generally  combined  with  a  centrifugal 
water  impeller  for  the  delivery  of  the  condensate  to  the  boiler  or  feed- 
water  heater. 
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The  assembled  units  may  be  further  grouped  under  two  general 
classifications: 

a.  Those  which  perform  the  function  of  air  separation  under  atmospheric  pressure. 

b.  Those  which  perform  the  function  of  air  separation  under  a  partial  vacuum. 

Pumps  coming  under  the  first  classification  remove  both  the  air  and 
condensate  from  the  returns  by  means  of  the  hydraulic  evacuator  and 
deliver  both  to  a  separating  tank  under  atmospheric  pressure.  From 
this  tank  the  air  and  non-condensable  vapors  are  vented  to  atmosphere 
while  the  condensate  is  removed  and  delivered  to  the  boiler  by  means  of 
the  built-in  boiler  feed  pump  impeller. 

In  the  second  classification,  the  air  and  condensate  are  first  separated 
under  vacuum  by  means  of  the  receiver  which  is  directly  connected  to 
the  returns.  The  hydraulic  evacuator  withdraws  only  the  air  and  non- 
condensable  vapors  from  the  top  of  the  receiver  and  delivers  them  to 
atmosphere.  The  built-in  condensate  pump  impeller  removes  the  con- 
densate from  the  bottom  of  the  receiver  and  delivers  it  direct  to  the 
boiler  or  feed-water  heater. 

Under  special  conditions  such  as  returning  the  condensate  to  a  high 
pressure  boiler  or  the  furnishing  of  large  air  removal  units  for  high 
vacuum  systems,  it  is  customary  to  supply  separate  motor-driven  air 
and  water  pumps. 

For  rating  purposes1  vacuum  pumps  are  classified  as  low  vacuum  and 
high  vacuum.  Low  vacuum  pumps  are  those  rated  for  maintaining  5}^  in- 
Hg.  vacuum  on  the  system,  and  high  vacuum  pumps  are  those  rated  to 
maintain  vacuums  above  5J^  in. 

The  vacuum  that  can  be  maintained  on  a  system  depends  upon  the 
relationship  of  the  air  leakage  rate  into  the  system  to  the  operating  air 
capacity  of  the  hydraulic  evacuator  when  operating  at  any  given  return 
line  temperature.  The  hotter  the  returns,  the  lower  will  be  the  possible 
vacuum  for  a  given  air  leakage  rate  into  the  system.  It  is  particularly 
essential  on  high  vacuum  installations  to  see  that  the  entire  system  is 
tight  in  order  to  reduce  the  amount  of  inward  air  leakage  and,  further- 
more, to  see  that  relatively  higher  temperature  steam  is  prevented  from 
entering  the  vacuum  return  lines  through  leaky  traps,  high  pressure 
drips,  etc.  It  is  for  this  reason  that  the  condensate  from  equipment  using 
steam  at  high  pressures  should  not  be  connected  directly  to  a  vacuum 
return  line  but  should  drain  to  a  receiver  through  a  high  pressure  trap. 
The  receiver  should  have  an  equalizing  connection  to  a  low  pressure  steam 
main  and  drain  through  a  low  pressure  trap  to  the  vacuum  return  main  as 
indicated  in  Fig.  17. 

Vacuum  Pump  Controls 

In  the  ordinary  vacuum  system,  the  vacuum  pump  is  controlled  by  a 
vacuum  regulator  which  cuts  in  when  the  vacuum  drops  to  the  lowest 
point  desired  and  cuts  out  when  it  has  been  increased  to  the  highest  point, 
these  points  being  varied  to  suit  the  particular  system  or  operating 


1A.S.H.V.E.  Standard  Code  for  Testing  and  Rating  Return  Line  Low  Vacuum  Heating  Pumps,  (A.S. 
H.V.E.  TRANSACTIONS,  Vol.  40, 1934,  p.  33). 
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conditions.  In  addition  to  this  vacuum  control,  a  float  control  is  included 
which  will  automatically  start  the  pump  whenever  sufficient  condensation 
accumulates  in  the  receiver,  regardless  of  the  vacuum  on  the  system.  A 
selector  switch  is  usually  provided  to  allow  operation  at  night  as  a  con- 
densation pump  only,  also  to  give  manual  or  continuous  operation  when 
desired. 

There  are  several  variations  in  the  control  of  the  vacuum  maintained  on 
the  system  by  the  pump.  In  some  sub-atmospheric  systems  where 
orifices  are  used,  the  vacuum  pump  control  maintains  a  pressure  difference 
between  the  supply  and  the  return  piping,  which  is  held  within  relatively 
close  limits.  There  are  other  sub-atmospheric  systems  which  utilize 
special  temperature-pressure  actuated  controls  for  maintaining  the  desired 
conditions  in  the  return  lines.  Where  various  zones  are  connected  to  the 
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Needle  valve 


-Vent  to  heat  main 
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FIG.  17.    METHOD  OF  DISCHARGING  HIGH-PRESSURE  APPARATUS  INTO  LOW-PRESSURE 

HEATING  MAINS  AND  VACUUM  RETURN  MAINS  THROUGH 

A  LOW-PRESSURE  TRAP 


same  return  main,  the  return  vacuum  must  be  controlled  to  meet  the 
requirements  of  the  zone  operating  at  the  lowest  steam  supply  pressure. 

Piston  Displacement  Vacuum  Pumps 

Piston  displacement  return  vacuum  heating  pumps  may  be  either  elec- 
tric or  steam  driven.  They  should  be  provided  with  mechanical  lubricators 
and  their  piston  speed  in  feet  per  minute  should  not  exceed  20  times  the 
square  root  of  the  number  of  inches  in  their  stroke.  They  are  usually 
supplied  with  an  air  separating  tank,  open  to  atmosphere,  placed  on  the 
discharge  side  of  the  pump  and  at  an  elevation  sufficiently  high  to  allow 
gravity  flow  of  the  condensate  to  the  boiler.  If  the  boiler  pressure  is  too 
high  for  such  gravity  feed  then  an  additional  steam  pump  for  feeding  the 
boiler  is  desirable.  The  extra  pump  is  sometimes  avoided  by  using  a 
closed  separating  tank  with  a  float  controlled  vent.  In  both  arrangements, 
the  air  taken  from  the  system  must  be  discharged  against  the  full  dis- 
charge pressure  of  the  vacuum  pump.  In  the  case  of  high  or  medium 
pressure  boilers,  it  is  better  to  use  the  atmospheric  separator  and  the 
second  pump. 
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In  figuring  the  required  displacement  for  such  pumps,  a  value  of  from 
6  to  10  times  the  volumetric  flow  of  condensation  is  used  for  average 
vacuums  and  systems. 

TRAPS 

Traps  are  generally  classified  as  to  function  as  (a)  separating  traps, 
(b)  return,  lifting  or  vacuum  traps,  and  (c)  air  traps.  Separating  traps 
may  be  either  float  operated,  thermostatically  operated,  or  float  and 
thermostatically  operated.  Return  traps  for  low  pressure  service  are 
referred  to  later  as  alternating  receivers  in  this  chapter.  Return  traps  may 
also  operate  to  receive  condensate  under  a  vacuum  and  return  it  to 
atmosphere  or  a  higher  pressure.  Air  traps  are  generally  float  operated. 

Separating  traps  are  used  to  release  water  of  condensation  but  to  retain 
steam.  The  thermostatic,  and  float  and  thermostatic  types  release  both 
condensate  and  air  but  retain  steam.  Separating  traps  are  used  for 
draining  condensate  from  radiators,  indirect  air  heaters,  steam  piping 
systems,  kitchen  equipment,  laundry  equipment,  hospital  equipment, 
drying  equipment  and  many  other  kinds  of  apparatus.  Air  traps  release 
air  but  retain  water.  Devices  known  as  air  vents  are,  in  principle,  traps 
which  allow  the  passage  of  air  but  prevent  the  passage  of  either  water  or 
steam. 

Return  traps  are  used  for  returning  condensate  either  by  gravity,  by 
steam  pressure,  or  by  both,  to  a  boiler  or  other  point  of  disposal,  and  for 
lifting  condensate  from  a  lower  to  a  higher  elevation,  or  for  handling 
condensate  from  a  lower  to  a  higher  pressure. 

The  fundamental  principle  upon  which  the  operation  of  practically  all 
traps  depends  is  that  the  pressure  within  the  trap  at  the  time  of  discharge 
shall  be  equal  to,  or  slightly  in  excess  of,  the  pressure  against  which  the 
trap  must  discharge,  including  the  friction  head,  velocity  head  and  static 
head  on  the  discharge  side  of  the  trap.  If  the  static  head  is  in  favor  of 
the  trap  discharge  it  is  a  minus  quantity  and  may  be  deducted  from  the 
other  factors  of  the  discharge  head. 

Traps  may  also  be  classified  according  to  the  principle  of  operating 
device  which  supplies  the  power  to  cause  them  to  function  as  (1)  float,  (2) 
bucket,  (3)  thermostatic,  (4)  float  and  thermostatic,  (5)  impulse,  or 
(6)  tilting  traps. 

Float  Traps.  A  discharge  valve  is  operated  by  the  rise  and  fall  of  a  float  due  to  the 
change  of  water  level  in  the  trap.  When  the  trap  is  empty  the  float  is  in  its  lowest 
position,  and  the  discharge  valve  is  closed.  A  gage  glass  indicates  the  height  of  water 
in  the  chamber. 

Unless  float  traps  are  well  made  and  proportioned  there  is  danger  of  considerable 
steam  leakage  through  the  discharge  valve  due  to  unequal  expansion  of  the  valve  and 
seat  and  the  sticking  of  moving  parts.  The  discharge  from  a  float  trap  is  usually  con- 
tinuous since  the  height  of  the  float,  and  consequently  the  area  of  the  outlet,  is  propor- 
tional to  the  amount  of  water  present. 

Bucket  Traps.  Bucket  traps  are  of  two  types,  the  upright  and  inverted,  and  although 
they  are  both  of  the  open  float  construction,  their  operating  principle  is  entirely  different. 
In  the  upright  bucket  trap,  the  water  of  condensation  enters  the  trap  and  fills  the  space 
between  the  bucket  and  the  walls  of  the  trap.  This  causes  the  bucket  to  float  and  forces 
the  valve  against  its  seat,  the  valve  and  its  stem  usually  being  fastened  to  the  bucket. 
When  the  water  rises  above  the  edges  of  the  bucket  it  flows  into  it  and  causes  it  to  sink, 
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thereby  withdrawing  the  valve  from  its  seat-  This  permits  the  steam  pressure  acting 
on  the  surface  of  the  water  in  the  bucket  to  force  the  water  to  a  discharge  opening.  When 
the  bucket  is  emptied  it  rises  and  closes  the  valve  and  another  cycle  begins.  The  discharge 
from  this  type  of  trap  is  intermittent. 

In  the  inverted  bucket  trap,  steam  floats  the  inverted  submerged  bucket  and  closes  the 
valve.  Water  entering  the  trap  fills  the  bucket,  which  sinks  and  through  compound 
leverage  opens  the  valve,  and  the  trap  discharges.  It  is  impossible  to  install  a  water 
gage  glass  on  an  inverted  bucket  trap,  but  if  visual  inspection  is  necessary,  a  gage  glass 
can  be  placed  on  the  line  leading  to  the  trap.  No  air  relief  cocks  can  be  used,  but  this  is 
unnecessary,  as  the  elimination  of  air  is  automatically  taken  care  of  by  air  passing  through 
the  vent  in  the  top  of  the  inverted  bucket  regardless  of  temperature. 

Thermostatic  Traps.  Thermostatic  traps  are  of  two  types,  those  in  which  the  discharge 
valve  is  operated  by  the  relative  expansion  of  metals,  and  those  in  which  the  action  of 
a  volatile  liquid  is  utilized  for  this  purpose.  Thermostatic  traps  of  large  capacity  for 
draining  blast  coils  or  very  large  radiators  are  called  blast  traps. 

Float  and  thermostatic  traps  have  both  a  thermostatic  element  to  release  air  and  a 
float  element  to  release  the  water. 

Impulse  traps  operate  with  a  moving  valve  actuated  by  a  control  cylinder.  When 
the  trap  is  handling  condensate,  the  pressure  required  to  lift  the  valve  is  greater  than  the 
reduced  pressure  in  the  control  cylinder  and  consequently  the  valve  opens  allowing  a 
free  discharge  of  condensate.  As  the  remaining  condensate  approaches  steam  tempera- 
ture, flashing  results,  flow  through  the  valve  orifice  is  choked  and  the  pressure  builds  up 
in  the  control  chamber  closing  the  valve. 

Automatic  Return  Traps 

In  the  general  heating  plant,  where  thermostatic  traps  are  installed  or 
the  heating  units,  it  becomes  necessary  to  provide  a  means  for  returning 
the  water  of  condensation  to  the  boiler,  if  a  condensation  or  vacuum  pum{ 
is  not  used.  When  the  return  main  can  be  kept  sufficiently  high  above  the 
boiler  water  line  for  all  operating  conditions,  the  water  of  condensatior 
will  flow  back  by  gravity,  and  no  mechanical  device  is  required.  Bu 
actually  this  does  not  work  out  in  practice.  It  follows,  therefore,  that  j 
direct-return  trap  is  needed  for  the  handling  of  the  condensation  eyei 
though  it  may  not  be  called  into  action  except  under  some  operating 
condition  where  the  pressure  differential  exceeds  the  static  head  provided 
The  installation  of  a  direct-return  trap  assures  safety  for  such  systems 
and  guarantees  the  operation  of  the  plant  under  varying  conditions. 

Automatic  return  traps,  sometimes  called  alternating  receivers,  ma: 
be  of  the  counter-balanced,  tilting  type,  or  spring  actuated.  These  consis 
of  a  small  receiver  with  an  internal  float,  and  when  the  condensate  wil 
not  flow  into  the  boiler  under  pressure,  it  will  feed  into  the  receiver  of  th< 
trap,  and  in  so  doing,  raise  or  tilt  the  float  or  mechanism  which  actuates  ; 
steam  valve  automatically.  This  admits  steam  to  the  receiver,  at  boile 
pressure,  and  the  equalizing  of  the  pressures  which  follows  allows  th 
water  to  flow  into  the  boiler. 

Tilting  Traps.  With  this  type  of  trap,  water  enters  a  bowl  and  rises  until  its  weigl 
overbalances  that  of  a  counter-weight,  and  the  bowl  sinks  to  the  bottom.  As  the  bo\ 
sinks,  a  valve  is  opened  thus  admitting  live  steam  pressure  on  the  surface  of  the  wat< 
and  the  trap  then  discharges.  After  the  water  is  discharged,  the  counter- weight  sinl 
and  raises  the  bowl,  which  in  turn  closes  the  valve  and  the  cycle  begins  again.  Tiltir 
traps  are  necessarily  intermittent  in  operation.  They  are  not  ordinarily  equipped  wit 
glass  water  gages,  as  the  action  of  the  trap  shows  when  it  is  filling  or  emptying.  The  a 
relief  of  tilting  traps  is  taken  care  of  by  the  valves  of  the  trap. 
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PIPING  FOR  STEAM  HEATING  SYSTEMS 

Operating  Characteristics,  Steam  Flow,  Pipe  Sizes,  Tables  for 
Pipe  Sizing,  One-Pipe  Gravity  Air-Vent  Systems,  Two-Pipe 
Gravity  Air-Vent  Systems,  Two-Pipe  Vapor  Systems,  Vacuum, 
Orifice,  Atmospheric  and  Sub -Atmospheric  Systems,  Boiler 
and  Radiator  Connections,  Piping  for  Indirect  Heating  Units, 

Dripping 

IT  is  important  that  steam  piping  systems  distribute  steam  not  only  at 
full  design  load  but  during  excess  and  partial  loads.  Usually  the 
average  winter  steam  demand  is  less  than  half  of  the  demand  at  the 
design  outside  temperature.  Moreover,  in  rapidly  warming  up  a  system 
even  in  moderate  weather,  the  load  on  the  steam  main  and  returns  may 
exceed  the  maximum  operating  load  for  severe  weather  due  to  the  neces- 
sity of  raising  the  temperature  of  the  metal  in  the  system  to  the  steam 
temperature  and  the  building  to  the  design  indoor  temperature.  Investi- 
gations of  the  return  of  condensation  have  revealed  that  as  high  ^as  143 
per  cent  of  the  design  condensation  rate  may  exist  under  conditions  of 
actual  operation. 

The  functions  of  the  piping  system  are  the  distribution  of  the  steam, 
the  return  of  the  condensate  and  in  systems  where  no  local  air  vents  are 
provided,  the  removal  of  the  air.  The  distribution  of  the  steam  should  be 
rapid,  uniform  and  without  noise,  and  the  release  of  air  should  be  facili- 
tated as  much  as  possible,  as  an  air  bound  system  will  not  heat  readily 
nor  properly.  In  designing  the  piping  arrangement  it  is  desirable  to 
maintain  equivalent  resistances  in  the  supply  and  return  piping  to  and 
from  a  radiator.  Arranging  the  piping  so  the  total  distance  from  the 
boiler  to  the  radiation  is  the  same  as  the  return  piping  distance  from  the 
heating  unit  back  to  the  boiler  tends  to  obtain  such  a  result.  The 
condensation  which  occurs  in  steam  piping  as  well  as  in  radiators  must 
be  drained  to  prevent  impeding  the  ready  flow  of  the  steam  and^air.  The 
effect  of  back  pressure  in  the  returns  and  excessive  re  vaporization,  such 
as  occurs  where  condensation  is  released  from  pressures  considerably 
higher  than  the  vacuum  or  pressure  in  the  return,  must  be  avoided. 

The  piping  design  of  a  heating  system  is  greatly  influenced  by  its 
operating  chracteristics.  Heating  systems  do  not  operate  under  constant 
conditions  as  they  are  continually  changing  due  to  variation  in  load. 
As  the  system  is  being  filled  with  steam  the  pressure  existing  in  various 
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TABLE  1.    FLOW  OF  STEAM  IN  PIPES 


P  =  loss  in  pressure  in  pounds. 
D  =  inside  diameter  of  pipe  in  inches. 
L  =  length  of  pipe  in  feet. 
d  =  weight  of  1  cu  ft  of  steam. 
W  ss  pounds  of  steam  per  hour. 
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Column  1X2X3X4=  Ibof  steam 
per  hour  that  will  flow  through  a  straight 
pipe  for  a  given  condition. 

Example  1:    1   oz  drop    —    2  in.   pipe 
—  1.3  Ib  press.  —  100  ft  equivalent  length: 

130.5  X  3.710  X  0.201  X  1  =  97.2  Ib 
97.2  X  4b   =  388.8  sq  ft  equivalent 

Table  1  does  not  allow  for  entrained  wate 
steam,  condensation  in  covered  pipe  and  ro 
mercial  pipe  as  found  in  practice. 
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•Pounds  per  square  inch  gage  =  2.04  in.  Vacuum,  Mercury  Column. 

bThe  factor  4  is  the  approximate  equivalent  in  square  feet  of  steam  radiation  of  1  Ib  of  steam  per  hour. 
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locations  may  be  different  than  those  which  exist  for  appreciable  periods 
at  other  locations  and  which  under  constant  pressure  may  have  conditions 
that  are  approximately  the  same.  In  designing  piping  it  is  of  especial 
importance  to  arrange  the  system  to  preclude  trouble  caused  by  such 
pressure  differences.  The  systems  which  readily  release  the  air  permit 
uniform  pressures  to  be  attained  in  much  shorter  time  intervals  than  those 
which  are  sluggish.  Results  are  given  in  Fig.  1  from  investigations1  ^to 
determine  the  rate  of  condensate  and  air  return  from  a  two-pipe  gravity 
heating  system.  Variations  in  the  steam  pressure  during  the  warming 
up  period  when  the  rate  of  air  elimination  and  condensation  is  high  are 
clearly  indicated  in  these  curves. 

It  is  evident  that  the  condensation  flow  during  the  initial  warming  up 
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RELATION  BETWEEN  ELAPSED  TIME,  STEAM  PRESSURE,  CONDENSATE  AND 
Ant  ELIMINATION  RATES 


period  reaches  a  peak  which  is  greater  than  the  constant  condensation 
rate  which  is  eventually  reached  when  the  pressure  becomes  uniform. 
Moreover,  the  peak  condensation  rate  is  obtained  when  the  system  steam 
pressure  is  lower  than  that  existing  during  a  period  of  constant  condensing 
rate.  It  will  also  be  noted  that  the  peak  rate  of  air  elimination  does  not 
coincide  with  the  higher  condensing  rate. 

STEAM  FLOW 

The  rate  of  flow  of  dry  steam  or  steam  with  a  small  amount  of  water 
flowing  in  the  same  direction  is  in  accordance  with  the  general  laws  of  gas 
flow  and  is  a  function  of  the  length  and  diameter  of  the  pipe,  the  density 
of  the  steam,  and  the  pressure  drop  through  the  pipe.  This  relationship 
has  been  established  by  Babcock  in  the  formula  given  at  the  top  of  Table 
1.  In  Columns  1,  2,  3,  and  4  of  this  table,  the  numerical  values  of  the 
factors  for  different  pressure  losses,  pipe  diameters,  steam  densities  and 
lengths  of  pipe  have  been  worked  out  in  convenient  form  so  that  the  steam 
flowing  in  any  pipe  may  be  calculated  by  multiplying  together  the  proper 
factors  in  each  column  as  shown  in  the  example  at  the  bottom  of  the  table. 


1A.S.H.V.E.  RESEARCH  REPORT  No.  954 — Condensate  and  Air  Return  in  Steam  Heating  Systems, 
by  F.  C.  Houghten  and  J.  L.  Blackshaw  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39,  1933,  p.  199). 
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PIPE  SIZES 

The  determination  of  pipe  sizes  for  a  given  load  in  steam  heating 
depends  on  the  following  principal  factors: 

1.  The  initial  pressure  and  the  total  pressure  drop  which  may  be  allowed  between  the 
source  of  supply  and  the  end  of  the  return  system. 

2.  The  maximum  velocity  of  steam  allowable  for  quiet  and  dependable  operation  of 
the  system,  taking  into  consideration  the  direction  of  condensate  flow. 

3.  The  equivalent  length  of  the  run  from  the  boiler  or  source  of  steam  supply  to  the 
farthest  heating  unit. 

Initial  Pressure  and  Pressure  Drop 

Theoretically  there  are  several  factors  to  be  considered,  such  as  initial 
pressure  and  pressure  required  at  the  end  of  the  line,  but  it  is  most  im- 
portant that  (1)  the  total  pressure  drop  does  not  exceed  the  initial  pressure 
of  the  system;  (2)  the  pressure  drop  is  not  so  great  as  to  cause  excessive 
velocities;  (3)  there  is  a  constant  initial  pressure,  except  on  systems 
specially  designed  for  varying  initial  pressures,  such  as  the  sub-atmos- 
pheric which  normally  operate  under  controlled  partial  vacua,  the  orifice, 
and  the  vapor  systems  which  at  times  operate  under  such  partial  vacua 
as  may  be  obtained  due  to  the  condition  of  the  fire;  and  (4)  the  equivalent 
head  due  to  pressure  drop  does  not  exceed  the  difference  in  level,  for 
gravity  return  systems,  between  the  lowest  point  on  the  steam  main, 
the  heating  units,  or  the  dry  return,  and  the  boiler  water  line. 

All  systems  should  be  designed  for  a  low  initial  pressure  and  a  reason- 
ably small  pressure  drop  for  two  reasons :  first,  the  present  tendency  in 
steam  heating  unmistakably  points  toward  a  constant  lowering  of  pres- 
sures even  to  those  below  atmospheric;  second,  a  system  designed  in  this 
manner  will  operate  under  higher  pressures  without  difficulty.  When  a 
system  designed  for  a  relatively  high  initial  pressure  and  a  relatively  high 
pressure  drop  is  operated  at  a  lower  pressure,  it  is  likely  to  be  noisy  and 
have  poor  circulation. 

The  total  pressure  drop  should  never  exceed  one-half  of  the  initial 
pressure  when  condensate  is  flowing  in  the  same  direction  as  the  steam. 
Where  the  condensate  must  flow  counter  to  the  steam,  the  governing 
factor  is  the  velocity  permissible  without  interfering  with  the  condensate 
flow.  A.S.H.V.E.  Research  Laboratory  experiments  limit  this  to  the 
capacities  given  in  Tables  2  and  3  for  vertical  risers  and  in  Table  4  for 
horizontal  pipes  at  varying  grades. 

Maximum  Velocity 

The  capacity  of  a  steam  pipe  in  any  part  of  a  steam  system  depends 
upon  the  quantity  of  condensation  present,  the  direction  in  which  the 
condensate  is  flowing,  and  the  pressure  drop  in  the  pipe.  Where  the 
quantity  of  condensate  is  limited  and  is  flowing  in  the  same  direction  as 
the  steam,  only  the  pressure  drop  need  be  considered.  When  the  con- 
densate must  flow  against  the  steam,  even  in  limited  quantity,  the  ve- 
locity of  the  steam  must  not  exceed  limits  above  which  the  disturbance 
between  the  steam  and  the  counter-flowing  water  may  produce  object- 
ionable sounds^  such  as  water  hammer,  or  may  result  in  the  retention  of 
water  in  certain  parts  of  the  system  until  the  steam  flow  is  reduced 
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TABLE  2.     MAXIMUM  ALLOWABLE  CAPACITIES  OF  UP-FEED  RISERS  FOR  ONE-PIPE 

Low  PRESSURE  STEAM 

Based  on  A.  5.  H.  V.  E.  Research  Laboratory  Tests 


PIPE  SIZE 
INCHES 

VELOCITY 
FEET  PER  SECOND 

PRESSURE  DROP 
OUNCES 
PER  100  FT 

CAPACITY 

SqFt 
Radiation 

Btu  per  Hour 

Lb 
Steam  per  Hour 

A 

B 

C 

D 

E 

F 

1 

14.1 

0.68 

45 

10.961 

11.3 

1J* 

17.6 

0.66 

98 

23,765 

24.5 

1H 

20.0 

0.66 

152 

36,860 

33.0 

2 

23.0 

0.57 

288 

69,840 

72.0 

2J^ 

26.0 

0.54 

464 

112,520 

116.0 

3 

29.0 

0.48 

799 

193,600 

199.8 

V/2 

31.0 

0.44 

1144 

277,000 

286.0 

4 

32.0 

0.39 

1520 

368.000 

380.0 

INSTRUCTIONS  FOR  USING  TABLE  2 

1.  Capacities  given  in  Table  2  should  never  be  exceeded  on  one-pipe  risers. 

2.  Capacities  are  based  on  J^-Ib  condensation  per  square  foot  equivalent  radiation  and  actual  diameter 
of  standard  pipe. 

3.  All  pipe  should  be  well  reamed  and  free  from  constrictions.    Fittings  should  be  up  to  size.     (See 
Tables  5  and  6). 

TABLE  3.    MAXIMUM  ALLOWABLE  CAPACITIES  OF  UP-FEED  RISERS  FOR  Two- PIPE 

Low  PRESSURE  STEAM 

Based  on  A.  S.  H.  V.  E.  Research  Laboratory  Tests 


PIPE  SIZE 
INCHES 

VELOCITY 
FEET  PER  SECOND 

PRESSURE  DROP 
OUNCES 
PER  100  FT 

CAPACITY 

SqFt 
Radiation 

Btu  per  Hour 

Lb 
Steam  per  Hour 

A 

B 

C 

D 

E 

F 

H 

20 



40 

9,550 

10.0 

1 

23 

1.78 

74 

17,900 

18.45 

IK 

27 

1.57 

151 

36,500 

37.65 

1Y2 

30 

1.48 

228 

55,200 

57.0 

2 

35 

1.33 

438 

106,100 

109.5 

m 

38 

1.16 

678 

164,100 

169.4 

3 

41 

0.95 

1129 

273,500 

282.2 

m 

42 

0.81 

1548 

375,500 

387.0 

4 

43 

0.71 

2042 

495,000 

510.5 

INSTRUCTIONS  FOR  USING  TABLE  3 

1.  The  capacities  given  in  this  table  should  never  be  exceeded  on  two-pipe  risers. 

2.  Capacities  are  based  on  K-lb  condensation  per  square  foot  equivalent  radiation  and  actual  diameter 
of  standard  pipe. 

3.  All  pipe  should  be  well  reamed  and  free  from  constrictions.    Fittings  should  be  up  to  size.     (See 
Tables  5  and  6.) 
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sufficiently  to  permit  the  water  to  pass.  The  velocity  at  which  such 
disturbances  take  place  is  a  function  of  (1)  the  pipe  size,  whether  the  pipe 
runs  horizontally  or  vertically,  (2)  the  pitch  of  the  pipe  if  it  runs  hori- 
zontally, (3)  the  quantity  of  condensate  flowing  against  the  steam,  and 
(4)  freedom  of  the  piping  from  water  pockets  which  under  certain  con- 
ditions act  as  a  restriction  in  pipe  size. 

Three  factors  of  uncertainty  always  exist  in  determining  the  capacity 
of  any  steam  pipe.  The  first  is  variation  in  manufacture,  which  appar- 
ently cannot  be  avoided  and  which  caused  an  actual  difference  of  20  per 
cent  in  the  capacity  of  a  1-in.  pipe  in  experiments  carried  on  at  the 
A.S.H.V.E.  Research  Laboratory  (Table  5),  The  second  is  the  reaming 
of  the  ends  of  the  pipe  after  cutting,  which,  experiments  indicate,  might 
reduce  the  capacity  of  a  1-in.  pipe  as  much  as  28.7  per  cent  (Table  6). 
The  third  is  the  uniformity  in  grading  the  pipe  line.  All  of  the  capacity 
tables  given  in  this  chapter  include  a  factor  of  safety.  However,  the  pipe 

TABLE  4.    COMPARATIVE  CAPACITY  OF  STEAM  LINES  AT  VARIOUS  PITCHES  FOR  STEAM 
AND  CONDENSATE  FLOWING  IN  OPPOSITE  DIRECTIONS'* 

Pitch  of  Pipe  in  Inches  per  10  Ft 


PITCH  or 
PIPE 

K   IN. 

Hue. 

1m. 

iHm. 

2m. 

3m. 

4  IN. 

5m. 

Pipe 

SqFt 
Rad. 

--• 

SqFt 
Rad. 

* 

SqFt 
Rad 

? 

SqFt 

•35 

SqFt 
Rad. 

? 

SqFt 
Rad. 

* 

SqFt 
Rad. 

?' 

SqFt 
Rad. 

-• 

SiS 

Based 

H 

Based 

Based 

Based 

S" 

Based 

\J 

Based 

\« 

Based 

"fj 

Based 

M 

Inches 

on  240 
Btu 

1 

on  240 
Btu 

I 

on  240 
Btu 

S 

on  240 
Btu 

on  240 
Btu 

a 

on  240 

Btu 

1 

on  240 

Btu 

s 

on  240 
Btu 

I 

*A 

25.0 

12 

30.3 

14 

37.3 

18 

40.4 

19 

42.5 

20 

46.1 

21 

47.5 

22 

49.3 

23 

1 

45.8 

12 

52.6 

15 

63.0 

17 

70.0 

20 

75.2 

22 

83.0 

23 

87.9 

25 

90.2 

26 

l/^ 

104.9 

18 

117.2 

20 

133.0 

23 

144.5 

25 

154.0 

27 

165.0 

28 

172.6 

29 

178.2 

31 

1^ 

142.6 

18 

159.0 

21 

181.0 

23 

196.5 

25 

209.3 

27 

224.0 

28 

234.8 

30 

242.6 

3.1 

2 

236.0 

19 

263.5 

20 

299.5 

23 

325.5 

25 

346.5 

27 

371.5 

28 

388.4 

29 

401.1 

30 

aData  from  AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS  Research  Laboratory. 

on  which  Table  5  is  based  showed  no  particular  defects  or  constrictions 
on  the  inside,  and  the  factor  of  safety  referred  to  does  not  cover  abnormal 
defects  or  constrictions  nor  does  it  cover  pipe  not  properly  reamed. 

Equivalent  Length  of  Run 

All  tables  for  the  flow  of  steam  in  pipes,  based  on  pressure  drop,  must 
allow  for  the  friction  offered  by  the  pipe  as  well  as  for  the  additional 
resistance  of  the  fittings  and  valves.  These  resistances  generally  are 
stated  in  terms  of  straight  pipe;  in  other  words,  a  certain  fitting  will 
produce  a  drop  in  pressure  equivalent  to  so  many  feet  of  straight  run  of 
the  same  size  of  pipe.  Table  7  gives  the  number  of  feet  of  straight  pipe 
usually  allowed  for  the  more  common  types  of  fittings  and  valves.  In  all 
pipe  sizing  tables  in  this  chapter  the  length  of  run  refers  to  the  equivalent 
length  of  run  as  distinguished  from  the  actual  length  of  pipe  in  feet.  The 
length  of  run  is  not  usually  known  at  the  outset;  hence  it  is  necessary  to 
assume  some  jpipe  size  at  the  start.  Such  an  assumption  frequently  is 
considerably  in  error  and  a  more  common  and  practical  method  is  to 
assume  the  length  of  run  and  to  check  this  assumption  after  the  pipes  are 
sized.  For  this  purpose  the  length  of  run  usually  is  taken  as  double  the 
actual  length  of  pipe. 
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TABLE  5.    PER  CENT  DIFFERENCE  IN  CAPACITY  FOR  CARRYING  STEAM  AND  CONDENSATE 
DUE  TO  VARIATION  OF  PIPE  SIZE  AND  SMOOTHNEssa 


MAXIMUM  CONDENSATION,  LB  PER  HOUR 

Size  of  pipe  

Minimum  

?£In. 

lln. 

IMIn. 

1J^  In. 

14.00 
15.20 

24.89 
30.08 

45.42 
52.08 

70.50 
82.00 

Maximum  

Per  cent  variation  

8.6 

20.8 

14.7 

16.3 

*Data  from  AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS  Research  Laboratory. 


TABLE  6.    EFFECT  OF  REAMING  ENTRANCE  TO  ONE-INCH  ONE-PIPE  RISERS* 


MATTMPM  CAPACITY 

OF  RlSEB 

PEE  CENT 
DECBEU.SE 

Reamed  entrances 

24.7  Ib  per  hour 
23.9  Ib  per  hour 
22.2  Ib  per  hour 
19.2  Ib  per  hour 
17.6  Ib  oer  hour 

0.0 
3.2 
10.1 
22.2 

28.7 

Rounded  entrances.  

Squared  entrances 

Three  wheel  cutter.  

Single  wheel  cutter— 

aData  from  AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS  Research  Laboratory. 


TABLE  7.    LENGTH  IN  FEET  OF  PIPE  TO  BE  ADDED  TO  ACTUAL  LENGTH  OF  RUN- 
OWING  TO  FITTINGS — TO  OBTAIN  EQUIVALENT  LENGTH 


SIZE  OP  PIPE 


LENGTH  IN  FEET  TO  BE  ADDED  TO  RUN 


INCHES 

Standard  Elbow 

Side  Outlet  Tee 

Gate  Valve 

Globe  Valve 

Angle  Valve 

2 

5 

16 

2 

18 

9 

2M 

7 

20 

3 

25 

12 

3 

10 

26 

3 

33 

16 

3H 

12 

31 

4 

39 

19 

14 

35 

5 

45 

22 

5 

18 

44 

7 

57 

28 

6 

22 

50 

9 

70 

32 

7 

26 

55 

10 

82 

37 

8 

31 

63 

12 

94 

42 

9 

35 

69 

13 

105 

47 

10 

39 

76 

15 

118 

52 

12 

47 

90 

18 

140 

63 

14 

53 

105 

20 

160 

72 

Example  of  length  in 
feet  of  pipe  to  be  added 
to  actual  length  of  run. 
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TABLES  FOR  PIPE  SIZING2 

Factors  determining  the  size  of  a  steam  pipe  and  its  allowable  limit  of 
capacity  are  the  direction  of  the  flow  of  condensate,  whether  against  or 
with  the  steam. 

Tables  8  and  9  are  based  on  the  actual  inside  diameters  of  the  pipe  and 
the  condensation  of  %  lb  (4  oz)  of  steam  per  square  foot  of  equivalent 
direct  radiation3  (abbreviated  EDR)  per  hour.  The  drops  indicated  are 
drops  in  pressure  per  100  ft  of  equivalent  length  of  run.  The  pipe  is 
assumed  to  be  well  reamed  without  unusual  or  noticeable  defects. 

Table  8  may  be  used  for  sizing  piping  for  steam  heating  systems  by 
determining  the  allowable  or  desired  pressure  drop  per  100  equivalent 
feet  of  run  and  reading  from  the  column  for  that  particular  pressure  drop. 
This  applies  to  all  steam  mains  on  both  one-pipe  and  two-pipe  systems, 
vapor  systems,  and  vacuum  systems.  Columns  B  to  G,  inclusive,  are  used 
where  the  steam  and  condensation  flow  in  the  same  direction,  while 
Columns  H  and  I  are  for  cases  where  the  steam  and  condensation  flow  in 
opposite  directions,  as  in  risers  and  runouts  that  are  not  dripped.  Columns 
J,  K,  and  L  are  for  one-pipe  systems  and  cover  riser,  radiator  valve,  and 
vertical  connection  sizes,  and  radiator  and  runout  sizes,  all  of  which  are 
based  on  the  critical  velocities  of  the  steam  to  permit  the  counter  flow  of 
condensation  without  noise. 

Sizing  of  return  piping  may  be  done  with  the  aid  of  Table  9  where  pipe 
capacities  for  wet,  dry,  and  vacuum  return  lines  are  shown  for  the  pressure 
drops  per  100  ft  corresponding  to  the  drops  in  Table  8.  It  is  customary  to 
use  the  same  pressure  drop  on  both  the  steam  and  return  sides  of  a  system. 

Example  2.  What  pressure  drop  should  be  used  for  the  steam  piping  of  a  system  if 
the  measured  length  of  the  longest  run  is  500  ft  and  the  initial  pressure  is  not  to  be  over 
2-lb  gage? 

Solution.  It  will  be  assumed,  if  the  measured  length  of  the  longest  run  is  500  ft,  that 
when  the  allowance  for  fittings  is  added  the  equivalent  length  of  run  will  not  exceed 
1,000  ft.  Then,  with  the  pressure  drop  not  over  one  half  of  the  initial  pressure,  the  drop 
could  be  1  lb  or  less.  With  a  pressure  drop  of  1  lb  and  a  length  of  run  of  1,000  ft,  the 
drop  per  100  ft  would  be  Ho  lb,  while  if  the  total  drop  were  H  lb,  the  drop  per  100  ft 
would  be  J^o  lb.  In  the  first  instance  the  pipe  could  be  sized  according  to  Column  D  for 
Me  lb  per  100  ft,  and  in  the  second  case,  the  pipe  could  be  sized  according  to  Column  C 
for  J^4  lb.  On  completion  of  the  sizing,  the  drop  could  be  checked  by  taking  the  longest 
line  and  actually  calculating  the  equivalent  length  of  run  from  the  pipe  sizes  determined. 
If  the  calculated  drop  is  less  than  that  assumed,  the  pipe  size  is  all  right;  if  it  is  more,  it  is 
probable  that  there  are  an  unusual  number  of  littings  involved,  and  either  the  lines  must 
be  straightened  or  the  column  for  the  next  lower  drop  must  be  used  and  the  lines  resized. 
Ordinarily  resizing  will  be  unnecessary. 

ONE-PIPE  GRAVITY  AIR-VENT  SYSTEMS 

One-pipe  gravity  air-vent  systems  in  which  the  equivalent  length  of  run 
does  not  exceed  200  ft  should  be  sized  as  follows : 


*Pipe  size  tables  in  this  chapter  have  been  compiled  in  simplified  and  condensed  form  for  the  convenience 
of  the  user;  at  the  same  time  all  of  the  information  contained  in  previous  editions  of  THE  GUIDE  has  been 
retained.  Values  of  pressure  drops,  formerly  expressed  in  ounces,  are  now  expressed  in  fractions  of  a  pound. 

3As  steam  system  design  has  materially  changed  in  recent  years  so  that  240  Btu  no  longer  expresses  the 
heat  of  condensation  from  a  square  foot  of  radiator  surface  per  hour,  and  as  present  day  heating  units  have 
different  characteristics  from  older  forms  9f  radiation,  it  is  the  purpose  of  THE  GUIDE  to  gradually  eliminate 
the  empirical  expression  square  foot  of  equivalent  direct  radiation,  EDR,  and  to  substitute  a  logical  unit  based 
on  the  Btu.  The  new  terms  to  express  the  equivalent  of  1000  Btu  (Mb) ,  and  1000  Btu  per  hour  (Mbh) , 
have  been  approved  by  the  A.S.H.V.E. 
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TABLE  8.    STEAM  PIPE  CAPACITIES 

Capacity  Expressed  in  Square  Feet  of  Equivalent  Direct  Radiation 
(Reference  to  this  table  will  be  by  column  letter  A  through  L) 

This  table  is  based  on  pipe  size  data  developed  through  the  research  investiga- 
tions of  the  AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS. 


CAPACITIES  OF  STEAM  MAINS  AND   RISERS 


DIRECTION  OP  CONDENSATION  FLOW  IN  PIPE  LINE 

UNz-npE  SYSTEMS  ONLY 

PIPE 
SIZE 
IN. 

With  the  Steam  in  One-Pipe  and  Two-Pipe  Systems 

Against  the  Steam 
Two-  Pipe  Only 

Supply 
Risers 

Radiator 
Valves 
and 

Radiator 
and 

"Rlqar 

Vsa  Ib 

V24  Ib 

Vie  Ib 

Hlb 

Klb 

HIb 

OP 

or 

or 

or 

or 

or 

Up- 

Vertical 

HOz 
Drop 

2iOz 
Drop 

lOz 
Drop 

20z 
Drop 

40s 
Drop 

80z 
Drop 

Vertical 

Hori- 
zontal 

Fe£ 

Con- 
nections 

Run- 
outs 

A 

B 

(7 

D 

E 

F 

G 

£a 

Jo 

Jb 

K 

Lc 

H 

30 

30 

25 

1 

39 

46 

56 

79 

111 

157 

56 

26 

45 

20 

20 

M 

87 

100 

122 

173 

245 

346 

122 

58 

98 

55 

55 

\1A 

134 

155 

190 

269 

380 

538 

190 

95 

152 

81 

81 

2 

273 

315 

386 

546 

771 

1,091 

386 

195 

288 

165 

165 

2K 

449 

518 

635 

898 

1,270 

1,797 

635 

395 

464 

260 

3 

822 

948 

1,163 

1,645 

2,326 

3,289 

1,129 

700 

799 

475 

m 

1,228 

1,419 

1,737 

2,457 

3,474 

4,913 

1,548 

1,150 

1,144 

745 

4 

1,738 

2,011 

2,457 

3,475 

4,914 

6,950 

2,042 

1,700 

1,520 

1,110 

5 

3,214 

3,712 

4,546 

6,429 

9,092 

12,858 

3,150 

2,180 

6 

5,276 

6,094 

7,462 

10,553 

14,924 

21,105 

8 

10,983 

12,682 

15,533 

21,967 

31,066 

43,934 

10 

20,043 

23,144 

28,345 

40,085 

56,689 

80,171 

12 

32,168 

37,145 

45,492 

64,336 

90,985 

128,672 

16 

60,506 

69,671 

84,849 

121,012 

169,698 

242,024 











All  Horizontal  Mains  and  Down-Feed  Risers 

Up- 
Ffied 

Mains 
andUn- 
dripped 

Up- 
Feed 

Radiator 
Con- 

Run- 
outs 

XT«+ 

Posers 

Run- 

Risers 

nections 

outs 

Dripped 

SPECUL  CAPACITIES  FOB 


Note. — All  drops  shown  are  in  pounds  per  100  ft  of  equivalent  run — based  on  pipe  properly  reamed. 

«Do  not  use  Column  H  for  drops  of  1/24  or  1/32  Ib;  substitute  Column  C  or  Column  B  as  required. 

bDo  not  use  Column  /  for  drop  of  1/32  Ib  except  on  sizes  3  in.  and  over;  below  3  in.  substitute  Column  B. 

cQn  radiator  runouts  over  8  ft  long  increase  one  pipe  size  over  that  shown  in  Table  8. 
nonvrteht  J  AMERICAN  SOCTETT  OP  HEATING  AND  VENTILATING  ENGINEERS       \  Not  to  be  Reprinted  With- 
ixipyngni  ^  Heating,  Piping  and  Air  Conditioning  Contractor*  National  Auodation  j   out  Special  Permission 

1.  For  the  steam  main  and  dripped  runouts  to  risers  where  the  steam  and  condensate 
flow  in  the  same  direction,  use  Ke-lb  drop  (Column  D). 

2.  WJiere  the  riser  runouts  are  not  dripped  and  the  steam  and  condensation  flow  in 
opposite  directions,  and  also  in  the  radiator  runouts  where  the  same  condition  occurs,  use 
Column  L. 

3.  For  up-feed  steam  risers  carrying  condensation  back  from  the  radiators,  use  Column  J. 

4.  For  down-feed  systems  the  main  risers  of  which  do  not  carry  any  radiator  con- 
densation, use  Column  H. 

5.  For  the  radiator  valve  size  and  the  stub  connection,  use  Column  K, 

6.  For  the  dry  return  main,  use  Column  U. 

7.  For  the  wet  return  main  use  Column  T. 

On  systems  exceeding  an  equivalent  length  of  200  ft,  it  is  suggested  that 
the  total  drop  be  not  over  %  Ib.  The  return  piping  sizes  should  correspond 
with  the  drop  used  on  the  steam  side  of  the  system.  Thus,  where  >£4-lb 
drop  is  being  used,  the  steam  main  and  dripped  runouts  would  be  sized  from 
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Column  C;  radiator  runouts  and  undripped  riser  runouts  from  Column  L; 
up-feed  risers  from  Column  7;  the  main  riser  on  a  down-feed  system  from 
Column  C  (it  will  be  noted  that  if  Column  H  is  used  the  drop  would 
exceed  the  limit  of  J^4  Ib) ;  the  dry  return  from  Column  R;  and  the  wet 
return  from  Column  Q. 

With  a  J^-lb  drop  the  sizing  would  be  the  same  as  for  H4  Ib  except  that 
the  steam  main  and  dripped  runouts  would  be  sized  from  Column  £,  the 
main  riser  on  a  down-feed  system  from  Column  J5,  the  dry  return  from 
Column  0,  and  the  wet  return  from  Column  N. 


TABLE  10. 


PIPE  SIZES  FOR  ONE- PIPE  UP-FEED  SYSTEM  SHOWN 
IN  FIG.  2 


PABT  OP  SYSTEM 

SECTION 
OF  PIPE 

RADIATION 
SUPPLIED 
(SQFi) 

THEORETICAL 
PIPE  SIZE 
(INCHES) 

PBACTICAL 
PIPE  SIZE 

(INCHES) 

Branches  to  radiators.. 
Branches  to  radiators.. 
Riser  
Riser  
Riser  
Riser 

a  to  b 
btoc 
ctod 
d  to  e 

100 
50 
200 
300 
400 
500 

2 

2  4 
2iz 
/2 

3 

2 

2  4 

3 

Riser  

Branch  to  riser  
Supply  main  ... 
Branch  to  supply  main 
Dry  return  main  
Wet  return  main  
Wet  return  main  
Wet  return  main  

etof 
ftog 
gtoh 
htoj 
ftok 
ktom 
mton 
n  to  p 

600 
600 
600 
600 
600 
600 
600 
600 

3 
3 

1  4 
1 
1 

3 

3  2 
3 
2 
2 
2 
2 

FIG.  2.      RISER,  SUPPLY 

MAIN  AND  RETURN  MAIN 

OF  ONE-PIPE  SYSTEM 


Example  5.  Size  the  one-pipe  gravity  steam  system  shown  in  Fig.  2  assuming  that 
this  is  all  there  is  to  the  system  or  that  the  riser  and  run  shown  involve  the  longest  run 
on  the  system. 

Solution.  The  total  length  of  run  actually  shown  is  215  ft.  If  the  equivalent  length 
of  run  is  taken  at  double  this,  it  will  amount  to  430  ft,  and  with  a  total  drop  of  Ji  Ib 
the  drop  per  100  ft  will  be  slightly  less  than  He  Ib.  It  would  be  well  in  this  case  to  use 
J^4  Ib,  and  this  would  result  in  the  theoretical  sizes  indicated  in  Table  10.  These  theo- 
retical sizes,  however,  should  be  modified  by  not  using  a  wet  return  less  than  2  in.  while 
the  main  supply,  g-h,  if  from  the  uptake  of  a  boiler,  should  be  made  the  full  size  of  the 
main,  or  3  in.  Also  the  portion  of  the  main  k-m  should  be  made  2  in.  if  the  wet  return 
is  made  2  in. 

Notes  on  Gravity  One- Pipe  Air- Vent  Systems 

1.  Pitch  of  mains  should  not  be  less  than  J£  in.  in  10  ft. 

2.  Pitch  of  horizontal  runouts  to  risers  and  radiators  should  not  be  less  than  $4  in, 
in  10  ft.    Where  this  pitch  cannot  be  obtained  runouts  over  8  ft  in  length  should  be  one 
size  larger  than  called  for  in  the  table. 

3.  In  general,  it  is  not  desirable  to  have  a  main  less  than  2  in.    The  diameter  of  the 
far  end  of  the  supply  main  should  not  be  less  than  half  its  diameter  at  its  largest  part. 

4.  Supply  mains,  branches  to  risers,  or  risers,  should  be  dripped  where  necessary. 
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5.  Where  supply  mains  are  decreased  in  size  they  should  be  dripped,  or  be  provided 
with  eccentric  couplings,  flush  on  bottom. 

TWO-PIPE  GRAVITY  AIR-VENT  SYSTEMS 

The  method  employed  in  determining  pipe  sizes  for  two-pipe  gravity 
air-vent  systems  is  similar  to  that  described  for  one-pipe  systems  except 
that  the  steam  mains  never  carry  radiator  condensation.  The  drop 
allowable  per  100  ft  of  equivalent  run  is  obtained  by  taking  the  equiva- 
lent length  to  the  farthest  radiator  as  double  the  actual  distance,  and 
then  dividing  the  allowable  or  desired  total  drop  by  the  number  of 
hundreds  of  feet  in  the  equivalent  length.  Thus  in  a  system  measuring 
400  ft  from  the  boiler  to  the  farthest  radiator,  the  approximate  equivalent 
length  of  run  would  be  800  ft.  With  a  total  drop  of  J^  Ib  the  drop  per 

100  ft  would  be  ^j-  or  %  Ib;  therefore,  Column  D  would  be  used  for  all 

o 

steam  mains  where  the  condensation  and  steam  flow  in  the  same  direc- 
tion. If  a  total  drop  of  J^  Ib  is  desired,  the  drop  per  100  ft  would  be  ^2  Ib 
and  Column  B  would  be  used.  If  the  total  drop  were  to  be  1  Ib,  the  drop 
per  100  ft  would  be  Y%  Ib  and  Column  E  would  be  used. 

For  mains  and  riser  runouts  that  are  not  dripped,  and  for  radiator 
runouts  where  in  all  three  cases  the  condensation  and  steam  flow  in 
opposite  directions,  Column  I  should  be  used,  while  for  the  steam  risers 
Column  H  should  be  used  unless  the  drop  per  100  ft  is  K4  Ib  or  3^2  Ib, 
when  Columns  B  or  C  should  be  substituted  so  as  not  to  exceed  the  drop 
permitted. 

On  an  overhead  down-feed  system  the  main  steam  riser  should  be 
sized  by  reference  to  Column  H,  but  the  down-feed  steam  risers  sup- 
plying the  radiators  should  be  sized  by  the  appropriate  Columns  B  through 
G,  since  the  condensation  flows  downward  with  the  steam  through  them. 
The  riser  runouts,  if  pitched  down  toward  the  riser  as  they  should  be,  are 
sized  the  same  as  the  steam  mains,  and  the  radiator  runouts  are  made  the 
same  as  in  an  up-feed  system. 

In  either  up-feed  or  down-feed  systems  the  returns  are  sized  in  the 
same  manner  and  on  the  same  pressure  drop  basis  as  the  steam  main ;  the 
return  mains  are  taken  from  Columns  0,  R,  U,  X,  or  AA  according  to  the 
drop  used  for  the  steam  main;  and  the  risers  are  sized  by  reading  the 
lower  part  of  Table  9  under  the  column  used  for  the  mains.  The  hori- 
zontal runouts  from  the  riser  to  the  radiator  are  not  usually  increased  on 
the  return  lines  although  there  is  nothing  incorrect  in  this  practice.  The 
same  notes  apply  that  are  given  for  one-pipe  gravity  systems. 

TWO-PIPE  VAPOR  SYSTEMS 

While  many  manufacturers  of  patented  vapor  heating  accessories  have 
their  own  schedules  for  pipe  sizing,  an  inspection  of  these  sizing  tables 
indicates  that  in  general  as  small  a  drop  as  possible  is  recommended.  The 
reasons  for  this  are:  (1)  to  have  the  condensation  return  to  the  boiler  by 
gravity,  (2)  to  obtain  a  more  uniform  distribution  of  steam  throughout 
the  system,  especially  when  it  is  desirable  to  carry  a  moderate  or  low 
fire,  and  (3)  because  with  large  variation  in  pressure  the  value  of  gradu- 
ated valves  on  radiators  is  destroyed. 
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For  small  vapor  systems  where  the  equivalent  length  of  run  does  not 
exceed  200  ft,  it  is  recommended  that  the  main  and  any  runouts  to  risers 
that  may  be  dripped  should  be  sized  from  Column  D,  while  riser  runouts 
not  dripped  and  radiator  runouts  should  employ  Column  I.  The  up-feed 
steam  risers  ^should  be  taken  from  Column  H.  On  the  returns,  the  risers 
should  be  sized  from  Column  U  (lower  portion)  and  the  mains  from 
Column  U  (upper  portion).  It  should  again  be  noted  that  the  pressure 
drop  in  the  steam  side  of  the  system  is  kept  the  same  as  on  the  return  side 
except  where  the  flow  in  the  riser  is  concerned. 

On  a  down-feed  system  the  main  vertical  riser  should  be  sized  from 
Column  H,  but  the  down-feed  risers  can  be  taken  from  Column  D  al- 
though it  so  happens  that  the  values  in  Columns  D  and  H  correspond. 
This  will  not  hold  true  in  larger  systems. 

For  vapor  systems  over  200  ft  of  equivalent  length,  the  drop  should  not 
exceed  J^  Ib  to  K  lb,  if  possible.  Thus,  for  a  400  ft  equivalent  run  the 
drop  per  100  ft  should  be  not  over  %  lb  divided  by  4,  or  J^  lb.  In  this 
case  the  steam  mains  would  be  sized  from  Column  B;  the  radiator  and 
undripped  riser  runouts  from  Column  7;  the  risers  from  Column  5, 
because  Column  H  gives  a  drop  in  excess  of  }^  lb.  On  a  down-feed 
system,  Column  S  would  have  to  be  used  for  both  the  main  riser  and  the 
smaller  risers  feeding  the  radiators  in  order  not  to  increase  the  drop  over 
}^2  lb.  The  return  risers  would  be  sized  from  the  lower  portion  of  Column 
0  and  the  dry  return  main  from  the  upper  portion  of  the  same  column, 
while  any  wet  returns  would  be  sized  from  Column  N.  The  same  pressure 
drop  is  applied  on  both  the  steam  and  the  return  sides  of  the  system. 

Notes  on  Vapor  Systems 

1.  Pitch  of  mains  should  not  be  less  than  Ji  in.  in  10  ft. 

2.  Pitch  of  horizontal  runouts  to  risers  and  radiators  should  not  be  less  than  J^  in. 
in  10  ft.    Where  this  pitch  cannot  be  obtained  runouts  over  8  ft  in  length  should  be  one 
size  larger  than  called  for  in  the  table. 

3.  In  general  it  is  not  desirable  to  have  a  supply  main  smaller  than  2  in. 

4.  When  necessary,  supply  main,  supply  risers,  or  branches  to  supply  risers  should  be 
dripped  separately  into  a  wet  return,  or  may  be  connected  into  the  dry  return  through 
a  thermostatic  drip  trap. 

VACUUM,  ORIFICE,  SUB-ATMOSPHERIC  SYSTEMS 

Vacuum,  atmospheric,  sub-atmospheric  and  orifice  systems  are  usually 
employed  in  large  installations  and  have  total  drops  varying  from  J^  to 
J^  lb.  Systems  where  the  maximum  equivalent  length  does  not  exceed 
200  ft  preferably  employ  the  smaller  pressure  drop  while  systems  over 
200  ft  equivalent  length  of  run  more  frequently  go  to  the  higher  drop, 
owing  to  the  relatively  greater  saving  in  pipe  sizes.  For  example,  a  sys- 
tem with  1200  ft  longest  equivalent  length  of  run  would  employ  a  drop  per 
100  ft  of  y%  lb  divided  by  12,  or  V^  lb.  In  this  case  the  steam  main  would 
be  sized  from  Column  C,  and  the  risers  also  from  Column  C  (Column  H 
could  be  used  as  far  as  critical  velocity  is  concerned  but  the  drop  would 
exceed  the  limit  of  J^4  lb).  Riser  runouts,  if  dripped,  would  use  Column  C 
but  if  undripped  would  use  Column  I;  radiator  runouts,  Column  /;  return 
risers,  lower  part  of  Column  S;  return  runouts  to  radiators,  one  pipe  size 
larger  than  the  radiator  trap  connections. 
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Notes  on  Vacuum  Systems 

1.  It  is  not  generally  considered  good  practice  to  exceed  J^-lb  drop  per  100  ft  of 
equivalent  run  nor  to  exceed  1  Ib  total  pressure  drop  in  any  system. 

2.  Pitch  of  mains  should  not  be  less  than  J£  in.  in  10  ft. 

3.  Pitch  of  horizontal  runouts  to  risers  and  radiators  should  not  be  less  than  ^  in. 
in  10  ft.    Where  this  pitch  cannot  be  obtained  runouts  over  8  ft  in  length  should  be  one 
size  larger  than  called  for  in  the  table. 

4.  In  general  it  is  not  considered  desirable  to  have  a  supply  main  smaller  than  2  in. 

5.  When  necessary,  the  supply  main,  supply  riser,  or  branch  to  a  supply  riser  should 
be  dripped  separately  through  a  trap  into  the  vacuum  return.    A  connection  should  not 
be  made  between  the  steam  and  return  sides  of  a  vacuum  system  without  interposing  a 
trap  to  prevent  the  steam  from  entering  the  return  line. 

6.  Lifts  should  be  avoided  if  possible,  but  when  they  cannot  be  eliminated  they 
should  be  made  in  the  manner  described  in  Chapter  13. 

7.  No  lifts  can  be  used  in  orifice  and  atmospheric  systems.     In  sub-atmospheric 
systems  the  lift  must  be  at  the  vacuum  pump. 

BOILER  CONNECTIONS 
Steam 

Cast-iron,  sectional  heating  boilers  usually  have  several  outlets  in  the 
top.  Two  or  more  outlets  are  sometimes  used  to  reduce  the  velocity  of 
the  steam  in  the  vertical  uptakes  from  the  boiler  and  thus  to  prevent 
water  being  carried  over  into  the  steam  main. 

Return 

Cast-iron  boilers  are  generally  provided  with  return  tappings  on  both 
sides,  while  steel  boilers  are  generally  equipped  with  only  one  return 
tapping.  Where  two  tappings  are  provided,  both  should  be  used  to  effect 
proper  circulation  through  the  boiler.  The  return  connection  should 
include  either  a  Hartford  loop  or  a  check  valve  to  prevent  the  accidental 
loss  of  boiler  water  to  the  returns  with  consequent  danger  of  boiler 
damage.  The  Hartford  loop  connection  is  to  be  preferred  over  the  check 
valve  because  the  latter  is  apt  to  stick  or  not  close  tightly  and,  further- 
more, because  the  check  valve  offers  additional  resistance  to  the  con- 
densate  coming  back  to  the  boiler,  which  in  gravity  systems  would  raise 
the  water  line  in  the  far  end  of  the  wet  return  several  inches4. 

Hartford  Return  Connection 

In  order  to  prevent  the  boiler  from  losing  its  water  under  any  circum- 
stances, the  use  of  the  Hartford  connection,  or  the  Underwriters  Loop, 
is  recommended.  This  connection  for  a  one-  or  two-boiler  installation  is 
shown  in  Fig.  3.  The  essential  features  of  construction  of  a  Hartford 
Loop  connection  are:  (1)  a  direct  connection  (made  without  valves) 
between  the  steam  side  of  the  boiler  and  the  return  side  of  the  boiler,  and 
(2)  a  close  nipple  connection  about  2  in.  below  the  normal  boiler  water 
line  from  the  return  main  to  the  boiler  steam  and  return  pressure  balance 
connection.  Equalizing  pipe  connections  between  the  steam  and  return 
are  given  in  Fig.  3,  based  on  grate  areas,  but  in  no  case  shall  this  pipe  size 
be  less  than  the  main  return  piping  from  the  system. 

4See  method  of  calculating  height  above  water  line  for  gravity  one-pipe  systems  in  Chapter  13. 
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Sizing  Boiler  Connections 

Little  information  is  available  on  the  sizing  of  boiler  runouts  and  steam 
headers.  Although  some  engineers  prefer  an  enlarged  steam  header  to 
serve  as  additional  steam  storage  space,  there  ordinarily  is  no  sudden 
demand  for  steam  in  a  steam  heating  system  except  during  the  heating-up 
period,  at  which  time  a  large  steam  header  is  a  disadvantage  rather  than 
an  advantage.  The  boiler  header  may  be  sized  by  first  computing  the 
maximum  load  that  must  be  carried  by  any  portion  of  the  header  under 
any  conceivable  method  of  operation,  and  then  applying  the  same 
schedule  of  pipe  sizing  to  the  header  as  is  used  on  the  steam  mains  for  the 
building.  The  horizontal  runouts  from  the  boiler,  or  boilers,  may  be  sized 
by  calculating  the  heaviest  load  that  will  be  placed  on  the  boiler  at  any 


FIG.  3.    THE  HARTFORD  RETURN  CONNECTION 

time,  and  sizing  the  runout  on  the  same  basis  as  the  building  mains.  The 
difference  in  size  between  the  vertical  uptakes  from  the  boiler  and  the 
horizontal  main  or  runout  is  compensated  for  by  the  use  of  reducing  ells. 
Return  connections  to  boilers  in  gravity  systems  are  made  the  same 
size  as  the  return  main  itself.  Where  the  return  is  split  and  connected  to 
two  tappings  on  the  same  boiler,  both  connections  are  made  the  full  size 
of  the  return  line.  Where  two  or  more  boilers  are  in  use,  the  return  to 
each  may  be  sized  to  carry  the  full  amount  of  return  for  the  maximum  load 
which  that  boiler  will  be  required  to  carry.  Where  two  boilers  are  used, 
one  of  them  being  a  spare,  the  full  size  of  the  return  main  would  be  carried 
to  each  boiler,  but  if  three  boilers  are  installed,  with  one  spare,  the  return 
line  to  each  boiler  would  require  only  half  of  the  capacity  of  the  entire 
system,  or,  if  the  boiler  capacity  were  more  than  one-half  the  entire  system 
load,  the  return  would  be  sized  on  the  basis  of  the  maximum  boiler  capa- 
city. As  the  return  piping  around  the  boiler  is  usually  small  and  short, 
it  should  not  be  sized  to  the  minimum. 
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With  returns  pumped  from  a  vacuum  or  receiver  return  pump,  the  size 
of  the  line  may  be  calculated  from  the  water  rate  on  the  pump  discharge 
when  it  is  operating,  and  the  line  sized  for  a  very  small  pressure  drop,  the 
size  being  obtained  from  the  Chart  for  Pressure  Drop  for  Various  Rates  of 
Flow  of  Water,  Chapter  45.  The  relative  boiler  loads  should  be  considered, 
as  in  the  case  of  gravity  return  connections.  Boiler  header  and  piping 
sizes  should  be  based  on  the  total  load. 

HIGH  PRESSURE  STEAM 

When  high  pressure  steam  is  being  supplied  and  lower  steam  pressures 
are  required  for  use  in  heating,  domestic  hot  water,  utility  services,  etc., 
one  or  more  pressure  reducing  valves,  or  pressure  regulators,  as  they  are 
sometimes  called,  are  required. 

These  are  used  in  two  classes  of  service,  one  where  the  steam  must  be 
shut  off  tight  to  prevent  the  low  pressure  building  up  at  time  of  no  load, 
and  the  other  where  the  low  pressure  lines  will  condense  enough  steam  to 
offset  normal  leaking  through  the  valve.  In  the  latter  case,  double  seated 
valves  may  be  used  in  a  manner  that  reduces  the  work  required  of  the 
diaphragm  in  closing  the  valve  and  consequently  the  size  of  the  dia- 
phragm. These  valves  also  control  the  low  pressures  more  closely  under 
conditions  of  varying  high  pressures. 

Valves  that  shut  off  all  steam  are  called  dead  end  type.  They  are  single 
seated,  and  some  of  them  have  pilot  operation  that  provides  close  control 
of  the  reduced  pressure.  If  a  thermostatically  controlled  valve  is  installed 
after,  and  near,  a  reducing  valve  in  such  a  manner  as  to  cut  off  the 
passage  of  steam,  the  dead  end  type  should  be  used. 

It  is  common  practice  when  the  initial  steam  pressure  is  100  Ib  or 
higher  to  install  two-stage  reduction.  This  makes  a  quieter  condition  of 
steam  flow,  as  it  is  apparent  that  with  one  reduction,  as  for  example,  from 
150  to  2  Ib,  there  is  a  smaller  opening  with  greater  velocity  across  the 
reducing  valve,  and  consequently,  more  noise.  A  two-stage  reduction 
also  introduces  a  source  of  safety,  since  if  one  reducing  valve  were  to  build 
up  its  discharge  pressure,  this  excess  pressure  would  not  be  as  great  as 
the  case  might  be  in  a  one-stage  reduction. 

If  an  installation  requires  single  seated  valves,  and  the  pilot  type 
cannot  be  used,  it  is  necessary  to  use  two-stage  reduction,  as  single  seated 
valves  require  sufficient  diaphragm  area  to  overcome  the  unbalanced 
pressure  underneath  the  single  valve.  In  many  cases  the  large  diameter 
of  diaphragm  required  would  make  it  impractical  in  construction.  With  a 
two-stage  reduction  the  diaphragm  diameter  required  would  be  reduced. 
If  a  one-stage  reduction  is  desired,  it  is  necessary  to  use  a  pilot  controlled 
pressure  reducing  valve,  where  low  pressures  are  to  be  maintained  closely. 

In  ^  making  _two-stage  reduction,  allowance  should  be  made,  by  in- 
creasing the  pipe  size,  for  expansion  of  steam  on  the  low  pressure  side  of 
the  valve.  This  also  allows  steam  flow  to  be  at  a  more  nearly  uniform 
velocity.  Separating  the  valves  by  a  distance  up  to  20  ft  is  recommended 
to  reduce  excessive  hunting  action  of  the  first  valve. 

When  the  reduced  pressure  is  approximately  15  Ib  or  lower,  the  weight 
and  lever  diaphragm  valve  gives  the  best  results  with  minimum  main- 
tenance. Above  15  Ib,  spring  loaded  diaphragm  valves  should  be  used, 
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because  of  the  extra  weights  required  on  weight  and  lever  type.  Equalizing 
line  connections  should  be  made  not  too  close  to  the  valve,  and  into  the 
bottom  of  the  reduced  pressure  steam  main,  to  allow  maximum  conden- 
sation to  exist  in  this  equalizing  line,  or  the  connection  is  made  into  the 
top  of  the  main  and  a  water  accumulator  used  to  reduce  the  variation  of 
the  head  of  water  on  the  diaphragm. 

Care  should  be  exercised  in  selecting  the  size  of  a  reducing  valve.  The 
safest  method  is  to  consult  the  manufacturer.  It  is  essential  that  sizes 
of  piping  to  and  from  the  reducing  valve  be  such  that  they  will  pass 
the  desired  amount  of  steam  with  the  maximum  velocity  desired.  A 
common  error  is  to  make  the  size  of  the  reducing  valve  the  same  size  as 
that  of  the  service,  or  outlet  pipe  size.  Generalfy,  this  will  make  the 
reducing  valve  oversized,  and  bring  about  wire-drawing  of  valve  and  seat, 
due  to  small  lift  of  the  valve  seat. 

On  installations  where  the  steam  requirements  are  relatively  large  and 
variable  in  mild  weather  or  reduced  demand  periods,  wire-drawing  may 
occur.  To  overcome  this  condition,  two  reducing  valves  are  installed  in 
parallel,  with  the  sizes  selected  on  a  70  and  30  per  cent  proportion  of 
maximum  flow.  For  example,  if  50,000  Ib  of  steam  per  hour  are  required, 
the  size  of  one  valve  is  on  the  basis  of  0.7  +  50,000  Ib,  or  35,000  Ib,  and 
the  other  on  the  basis  of  0.3  +  50,000  Ib,  or  15,000  Ib.  During  the  mild 
or  reduced  demand  periods,  steam  will  flow  through  the  smaller  valve 
only.  During  the  remainder  of  the  season,  the  larger  valve  is  set  to  control 
at  whatever  low  pressure  is  desired,  and  the  smaller  one  at  a  somewhat 
lower  pressure.  Thus,  when  steam  flow  is  not  at  its  maximum,  the 
smaller  valve  is  shut,  and  automatically  opens  when  the  maximum  steam 
demand  occurs,  since  this  maximum  demand  of  steam  creates  a  slight 
pressure  drop  in  the  service  line. 

The  installation  of  reducing  valves  in  pipe  lines  requires  detailed 
planning.  They  should  be  installed  to  give  ease  of  access  for  inspection 
and  repair,  and  wherever  possible  with  diaphragm  downward,  except 
in  cases  of  pilot  operated  valves. 

There  should  be  a  by-pass  around  each  reducing  valve  of  size  equal  to 
one  half  the  size  of  reducing  valve.  The  glove  valve  in  by-pass  line  should 
be  of  a  better  type  of  construction,  and  must  shut  off  absolutely  tight. 
A  steam  pressure  gage,  graduated  up  to  the  initial  pressure  should  be 
installed  on  the  low  pressure  side.  Safety  valves  located  on  the  low 
pressure  side  should  be  set  5  Ib  higher  than  the  final  pressure  but  may  be 
10  Ib  higher  than  the  reduced  pressure  if  this  reduced  pressure  is  that  of 
the  first  stage  reduction  of  a  double  reduction.  Strainers  should  always 
be  installed  on  the  inlet  to  the  reducing  valve  but  are  not  required  before 
a  second-stage  reduction.  If  a  two-stage  reduction  is  made,  it  is  well  to 
install  a  pressure  gage  immediately  before  the  reducing  valve  of  the 
second-stage  reduction  also.  In  sizes  3  in.  and  above,  it  is  advisable  to 
tap  the  bodies  of  the  reducing  valve  on  inlet  side  for  purposes  of  draining 
condensate  accumulation  through  steam  traps. 

Control  Valves 

Gate  valves  are  recommended  in  all  cases  where  service  demands  that 
the  valve  be  either  entirely  open  or  entirely  closed,  but  they  should  never 
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be  used  for  throttling.  Angle  globe  valves  and  straight  globe  valves 
should  be  used  for  throttling,  as  done  on  by-passes  around  pressure 
reducing  valves  or  on  by-passes  around  traps. 

Connection  to  Heating  Units 

Riser,  radiator  and  convector  connections  must  not  only  be  properly 
pitched  at  the  time  they  are  installed  but  must  be  arranged  so  that  the 
pitch  will  be  maintained  under  the  strains  of  expansion  and  contraction. 
These  connections  may  be  made  by  swing  joints  which  permit  the  ex- 
pansion or  contraction  to  occur  under  heating  and  cooling  without  bending 
of  pipes.  To  take  care  of  expansion  in  long  risers,  either  expansion  joints 


/Runout, 
-Riser  / 


Wall  line. 


^  Swing' 
x  joint 


I BHM9T. 


-Runout  below  floor 
PLAN 


•Automatic 
air  vent  valve 


-Runout  below  floor 
ELEVATION 


FIG.  4.   ONE-PIPE  RADIATOR 
CONNECTIONS 


Steam  main- 


FIG.  5.    UNIT  HEATER  CONNECTED  TO 
ONE-PIPE  AIR- VENT  SYSTEM 


of  commercial  construction  or  pipe  swing  joints  are  used.  Anchoring  of 
pipes  between  expansion  joints  is  desirable. 

Two  satisfactory  methods  of  making  runouts  for  one-pipe  systems  for 
either  the  up-feed  or  the  down-feed  type  are  shown  in  Fig.  4.  Where 
the  vertical  distance  is  limited  and  the  runouts  must  run  above  the  floor 
the  radiator  may  be  set  on  pedestals  or  of  the  high  leg  type.  A  method 
of  connecting  a  unit  heater  to  a  one-pipe  steam  heating  system  is  illus- 
trated in  Fig.  5. 

Typical  two-pipe  radiator  or  convector  connections  are  shown  in  Figs.  6, 
7  and  8.  While  the  top  is  the  preferred  location  for  the  control  valve,  it 
may  be  located  at  the  bottom.  Short  radiators  may  be  top  supply  and 
bottom  return  on  same  end.  With  convectors  the  control  valve  is 
sometimes  omitted  and  a  damper  in  outlet  grille  used  for  heat  control. 
The  typical  method  of  connecting  pipe  coils  is  shown  in  Fig.  9  and  is 
suitable  for  atmospheric,  vapor,  vacuum,  sub-atmospheric,  and  orifice 
systems. 
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Typical  pipe  connections  for  indirect  radiators  and  tempering  or  heating 
stacks  are  shown  in  Figs.  10,  11,  12  and  13. 

Where  a  building  is  served  by  a  vacuum  system  or  a  sub-atmospheric 
system  the  stacks  should  be  piped  in  the  usual  manner  and  traps  of  large 
capacity,  preferably  of  the  combination  float  and  thermostatic  type, 
should  be  used.  In  the  orifice  and  closed  two-pipe  systems,  traps  should 
be  used  on  the  returns  so  that  a  pressure  above  that  of  the  atmosphere 
may  be  secured  on  the  heaters. 


FIG.  6.   TYPICAL  CONNECTIONS  FOR  TWO-PIPE  SYSTEM 


Cooling  teg  at  least  5*  long 


FIG.  7.   TOP  AND  BOTTOM  OPPOSITE  END  RADIATOR  CONNECTIONS 


Wet  return''  Dirtpocfcet' 

FIG.  8.    CONNECTIONS  TO  RADIATOR  HUNG  ON  WALL 


Each  stack  should  have  a  separate  steam  and  return  connection.  Wide 
stacks  are  more  evenly  heated  with  two  steam  connections,  one  at  each 
end,  the  stacks  being  divided  and  a  return  connection  provided  for  each 
steam  connection.  For  stacks  of  large  capacity  it  is  sometimes  desirable 
to  run  a  separate  steam  main  direct  from  the  boiler  to  the  stacks. 

PIPE  SIZING  FOR  INDIRECT  HEATING  UNITS 

Pipe  connections  and  mains  for  indirect  heating  units  are  sized  in  a 
manner  similar  to  radiators,  but  the  equivalent  direct  radiation  must  be 
ascertained  for  each  row  of  heating  unit  stacks  and  then  must  be  divided 
into  the  number  of  stacks  constituting  that  row  and  into  the  number  of 
connections  to  each  stack. 
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FIG.  9.   TYPICAL  PIPE  COIL  CONNECTIONS 
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FIG.  10.    TYPICAL  PIPING  CONNECTIONS  TO  CONCEALED 
HEATING  UNITS  WITH  WET  RETURNS 


Indirect  radiator 


Drrt  pocket 


FIG.  11.    PIPING  CONNECTIONS  TO  INDIRECT  RADIATORS 
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where 

EDR  =  equivalent  direct  radiation,  square  feet. 
Q  ~  volume  of  air,  cubic  feet  per  minute. 

/e  =  the  temperature  of  the  air  entering  the  row  of  heating  units  under  con- 
sideration, degrees  Fahrenheit. 

t]  =  the  temperature  of  the  air  leaving  the  row  of  heating  units  under  considera- 
tion, degrees  Fahrenheit. 
60  =  the  number  of  minutes  in  one  hour. 
55.2  =  the  number  of  cubic  feet  of  air  heated  1  F  by  1  Btu. 
240  =  the  number  of  Btu  in  1  sq  ft  of  EDR. 

Example  4-  Assume  that  the  heating  units  shown  in  Fig.  14  are  handling  50,000  cfni 
of  air  and  that  the  rise  in  the  first  row  is  from  0  to  40  F,  in  the  second  row  from  40  to 
65  F,  and  in  the  third  row  from  65  to  80  F.  What  is  the  load  in  EDR  on  each  supply 
and  return  connection? 


Solution.  For  row  1, 
For  row  2, 
For  row  3, 


50,000  X  (40  -  0) 
R  =  2208 ~  =  fl058  **  ft' 

p       50,000  X  (65  -  40) 

A    —    


R 


50,000  X  (80  -65) 
2208  - 


3397  **  ft' 


Each  row  of  heating  units  consists  of  four  stacks  and  each  stack  has  two  connections 
so  that  the  load  on  each  stack  and  each  connection  of  the  stack  is  as  follows: 


Row 

TOTAL  LOAJD 
(EDR) 

STACK  LOAW 
(EDR) 

CONNECTION  Loiob 
(EDR) 

1 

9058 

2265 

2265  or  1132 

2 

5661 

1415 

1415  or    708 

3 

3397 

849 

849  or    425 

»One  quarter  of  total  row  load. 

X)ne  half  of  stack  load  if  two  steam  connections  are  made;  otherwise,  same  as  stadc  load. 

The  pipe  sizes  would  then  be  based  on  the  length  of  the  run  and  the  pressure  drop 
desired,  as  in  the  case  of  radiators.  It  generally  is  considered  desirable  to  place  the  in- 
direct heating  units  on  a  separate  system  and  not  on  supply  or  return  lines  connected  to 
the  general  heating  system. 

DRIPS 

A  steam  main  in  any  type  of  steam  heating  system  may  be  dropped  to  a 
lower  level  without  dripping  if  the  pitch  is  downward  with  the  direction  of 
steam  flow.  Any  steam  main  in  any  heating  system  can  be  elevated  if 
dripped.  Fig.  15  shows  a  connection  where  the  steam  main  is  raised  and 
the  drain  is  to  a  wet  return.  If  the  elevation  of  the  low  point  is  above  a 
dry  return  it  may  be  drained  through  a  trap  to  the  dry  return  in  two-pipe 
vapor,  vacuum  and  sub-atmospheric  systems.  Horizontal  steam  pipes 
may  also  be  run  over  obstructions  without  a  change  in  level  if  a  small  pipe 
is  carried  below  the  obstruction  to  care  for  the  condensation  (Fig.  16). 
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FIG.  12.    SUPPLY  AND  RETURN  CON- 
NECTIONS FOR  HEATING  UNITS  OF 
CENTRAL  FAN  SYSTEMS 
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UNITS  EXCEEDING  12  SECTIONS 


Horizontal  return  pipes  may  be  carried  past  doorways  and  other  ob- 
structions by  using  the  scheme  illustrated  in  Fig.  17.  It  will  be  noted 
that  the  large  pipe,  in  this  case,  runs  below  the  obstruction  and  the 
smaller  one  over  it. 


/Thermostatic  valves 


FIG.  14.  TYPICAL  PIPING  FOR  ATMOSPHERIC  AND  VACUUM  SYSTEMS  WITH 
THERMOSTATIC  CONTROL  (CENTRAL  FAN  SYSTEM) 
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Branches  from  steam  mains  in  one-pipe  gravity  steam  systems  should 
use  the  preferred  connection  shown  in  Fig,  18,  but  where  radiator  condensa- 
tion does  not  flow  back  into  the  main  the  acceptable  method  shown  in  the 
same  figure  may  be  used.  This  acceptable  method  has  the  advantage^ 
giving  a  perfect  swing  joint  when  connected  to  the  vertical  riser  or  radia- 
tor connection,  whereas  the  preferred  connection  does  not  give  this  swing 
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FIG.  20.    DIRT  POCKET 
CONNECTION 
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FIG.  21.    DRIPPING  END 

OF  MAIN  INTO  WET 

RETURN 


FIG.  22.    DRIPPING  END 

OF  MAIN  INTO  DRY 

RETURN 


FIG.  23.    DRIPPING  HEEL 

OF  RISER  INTO  DRY 

RETURN 


without  distorting  the  angle  of  the  pipe.  Runouts  from  the  steam  main 
are  usually  made  about  5  ft  long  to  provide  flexibility  for  movement  in 
the  main. 

Offsets  in  steam  and  return  piping  should  preferably  be  made  with 
90-deg  ells  but  occasionally  fittings  of  other  angles  are  used,  and  in  such 
cases  the  length  of  the  diagonal  offset  will  be  found  as  shown  in  Fig.  19. 

Dirt  pockets,  desirable  on  all  systems  employing  thermostatic  traps, 
should  be  so  located  as  to  protect  the  traps  from  scale  and  muck  which 
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will  interfere  with  their  operation.  Dirt  pockets  are  usually  made  8  in. 
to  12  in.  deep  and  serve  as  receivers  for  foreign  matter  which  otherwise 
would  be  carried  into  the  trap.  They  are  constructed  as  shown  in  Fig.  20. 
On  vapor  systems  where  the  end  of  the  steam  main  is  dripped  down 
into  the  wet  return,  the  air  venting  at  the  end  of  the  main  is  accomplished 
by  an  air  vent  passing  through  a  thermostatic  trap  into  the  dry  return 
line  as  shown  in  Fig.  21.  On  vacuum  systems  the  ends  of  the  steam  mains 
are  dripped  and  vented  into  the  return  through  drip  traps  opening  into 
the  return  line.  The  same  method  may  be  used  in  atmospheric  systems. 
A  float  type  trap  is  preferable  to  a  thermostatic  trap  for  dripping  steam 
mains  and  large  risers.  If  thermostatic  traps  are  used,  a  cooling  leg 
(Fig.  22)  should  always  be  provided.  The  cooling  leg  is  for  cooling  the 
condensation  sufficiently  before  it  reaches  the  trap  so  the  trap  will  not  be 
held  shut  by  too  high  a  temperature.  On  down-feed  systems  of  atmos- 
pheric, vapor,  and  vacuum  types,  the  bottom  of  the  steam  risers  are 
dripped  in  the  manner  shown  in  Fig.  23.  On  large  systems  it  is  desirable 
to  install  a  gate  valve  in  the  cooling  leg  ahead  of  the  trap. 
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Chapter  15 

HOT  WATER  HEATING  SYSTEMS  AND  PIPING 

One-   and   Two-Pipe   Systems,   Selecting  Pipe   Sises9   Forced 
Circulation,   Gravity   Circulation,   Expansion    Tanks,   Instal- 
lation Details 

SYSTEMS  for  heating  with  hot  water  radiators  may  be  divided  into 
two  general  classes,  the  first  known  as  gravity  systems  in  which 
circulation  is  caused  by  the  difference  in  density  of  the  water  in  the  flow 
and  return  lines,  and  the  second  known  as  forced  circulation  systems  in 
which  circulation  is  caused  by  a  pump.  Flow  water  temperatures  vary 
from  150  to  220  F  and  the  higher  temperatures  are  generally  used  with 
the  forced  system. 

For  the  sizing  and  selecting  of  boilers,  radiators  and  piping,  refer  to 
Chapters  11,  12  and  17  respectively. 

SYSTEMS  OF  PIPING 

There  are  two  general  systems  of  piping  used  for  either  gravity  or 
forced  hot  water  systems : 

(a)  Two-pipe  system. 

(b)  One-pipe  system. 

With  either  of  these  piping  systems  the  distributing  mains  may  be 
located  in  the  cellar  with  up-feed  to  the  radiators  and  risers  or  the  supply 
main  may  be  located  in  the  attic  with  the  return  main  located  in  the 
cellar.  With  the  latter  system  of  piping,  the  one-pipe  system  would  be 
only  one  pipe  for  the  risers.  For  basement  radiators  located  on  the  floor 
the  mains  may  be  run  at  the  ceiling,  as  one  of  the  advantages  of  a  forced 
hot  water  heating  system  is  that  the  returns  need  not  be  below  the 
radiators  as  required  with  a  steam  system.  With  some  one-pipe  systems 
there  is  one  main  in  the  cellar  but  separate  flow  and  return  risers  and 
connections  to  the  radiators. 

In  the  two -pipe  system  there  is  separate  supply  and  return  pipes 
throughout  so  that  the  same  water  flows  only  through  one  radiator, 
resulting  in  the  same  water  temperature  in  all  radiators.  With  the  one- 
pipe  system  part  of  the  water  flows  through  more  than  one  radiator,  so 
that  the  water  temperature  toward  the  end  of  the  main  is  not  as  hot  as 
near  the  boiler.  However,  with  the  one-pipe  system,  by  maintaining  a 
rapid  circulation  and  small  difference  in  temperature  between  the  water 
leaving  and  returning  to  the  boiler  or  other  heat  generator,  the  tendency 
to  have  variable  temperatures  in  the  radiators  is  much  reduced. 

The  two-pipe  system  for  larger  buildings  should,  if  possible,  be  arranged 
for  reversed  return.  The  direct  and  reversed  return  systems  are  shown 
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in  Figs.  1  and  2.  With  the  reversed  return  system,  the  water  has  to 
travel  approximately  the  same  distance  from  and  back  to  the  boiler  for 
any  one  radiator  as  for  any  other  radiator  and,  therefore,  the  friction  and 
temperature  losses  to  all  radiators  should  be  nearly  the  same. 

In  some  cases  the  reversed  return  system  involves  no  more  piping  than 
the  direct  return  system.  In  the  case  of  large  buildings,  it  might  be 
advisable  to  zone  the  piping. 

Mechanical  Circulators 

Circulating  pumps  are  usually  of  the  centrifugal  type.  The  capacity 
of  the  pump  is  figured  from  the  Mbh  (symbol  representing  1000  Btu  per 
hour)  required  for  heating  and  the  drop  in  temperature  selected.  For 
example,  for  100  Mbh  and  20  F  drop  a  pump  having  a  capacity  of  5000  Ib 
water  per  hour  or  10  gpm.  The  resistance  head  is  based  on  the  system  as 
designed.  In  large  systems  the  economical  size  of  pump  may  be  deter- 
mined by  comparing  the  cost  of  power  for  operation,  with  the  annual 
charges  on  the  capital  cost  of  the  piping  system,  as  larger  pipe  sizes  mean 
less  pump  power.  Velocities  through  piping  in  excess  of  4  fps  are  likely 
to  cause  disturbing  noises  in  buildings  other  than  factories,  In  large 
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systems  the  pumps  are  run  continuously  while  in  small  ones  they  are 
run  either  continuously  or  intermittently  depending  on  the  type  of  auto- 
matic temperature  control  selected.  Small  circulating  pumps  are  usually 
driven  by  direct-connected  electric  motors.  Under  certain  conditions  a 
valved  by-pass  should  be  provided  and  the  piping  so  designed  that  in 
case  of  breakdown  of  the  pump  or  failure  of  electric  current  there  will  be 
sufficient  gravity  circulation  to  keep  the  building  reasonably  warm.  In 
large  buildings  or  groups  of  buildings,  it  is  often  advisable  to  have  two 
pumps,  each  of  about  70  per  cent  of  the  total  capacity  to  take  care  of 
breakdown  service.  During  mild  weather,  variations  in  water  tempera- 
ture may  be  utilized  to  balance  the  required  heat  loss.  In  the  larger 
systems  steam  turbines  are  sometimes  used  to  drive  the  pumps,  the 
exhaust  steam  being  used  for  heating  the  water,  and  in  such  buildings  as 
hospitals  this  is  usually  the  most  economical  method. 

As  the  average  pump  used  for  water  circulation  is  not  over  60  per  cent 
efficient,  the  cost  of  power  on  a  large  job  should  be  figured  and  com- 
parisons made  between  the  savings  made  in  capital  cost  of  piping  and 
the  annual  cost  of  power. 

FORCED  CIRCULATION  PIPE  SIZES 

The  pressure  heads  available  in  forced  circulation  systems  are  much 
greater  than  those  in  gravity  circulation  systems,  consequently,  higher 

292 


CHAPTER  15.    HOT  WATER  HEATING  SYSTEMS  AND  PIPING 

velocities  may  be  used  in  designing  the  system,  with  the  result  that 
smaller  pipes  may  be  selected  and  the  first  cost  of  the  installation  reduced. 
As  the  pipe  sizes  of  a  heating  system  are  reduced,  the  necessary  increase 
in  the  velocity  of  the  water  increases  the  friction  losses  and  thus  the  cost 
of  operation  and  the  initial  cost  of  the  circulating  equipment.  The 
increased  velocity  of  a  forced  circulation  system  offers  a  number  of 
advantages,  such  as  a  much  shorter  heating-up  period  and  a  more  flexible 
control  of  hot  water  circulation.  This  improved  performance  merits  the 
small  increase  in  operating  cost  necessary  to  circulate  the  water  mechani- 
cally. The  velocities  required  should  be  determined  by  calculation  for 
the  particular  system  under  consideration. 

Since  forced  circulation  velocities  are  higher  than  those  in  gravity 
systems,  and  since  the  friction  heads  in  a  heating  system  vary  almost 
as  the  squares  of  the  velocities,  a  given  error  in  the  calculation  or  assump- 
tion of  a  velocity  is  less  important  in  a  forced  circulation  system  than  in 
a  gravity  circulation  system,  and,  consequently,  it  is  easier  to  design  a 
satisfactory  forced  circulation  system  than  a  satisfactory  gravity  circu- 
lation system. 

In  forced  hot  water  systems,  it  is  customary  to  use  a  temperature  drop 
of  20  or  30  F  between  the  water  entering  and  leaving  the  boiler  or  other 
heater.  The  head  against  which  the  system  is  to  operate  must  then  be 
decided.  This  varies  from  2  to  5  ft  for  small  systems  and  may  rise  to 
100  ft  on  large  jobs  with  a  group  of  buildings.  For  iron  pipe,  the  sizes 
can  be  figured  using  Fig.  3  and  Tables  1  and  3.  For  copper  tubing 
Tables  2  and  3  are  to  be  used.  In  systems  designed  with  reversed  returns, 
it  will  generally  be  found  that  very  little  adjustment  is  necessary  to 
secure  even  distribution  to  all  radiators.  However,  orifices  may  be  used 
to  control  the  flow  and  the  capacities  are  given  in  Table  5.  In  large 
buildings  provision  should  be  made  for  quickly  draining  radiators  in  case 
of  breakage,  and  it  is  often  advisable  to  install  a  lock  shield  valve  on  one 
end  of  each  radiator  and  a  hand  controlled  valve  on  the  other.  In  case  of 
breakage  the  two  valves  can  be  closed  and  the  radiator  removed  without 
affecting  the  rest  of  the  system.  The  lock  shield  valve  can  also  be  used 
for  balancing  the  water  circulation. 

The  following  examples  will  illustrate  the  procedure  to  be  followed  in 
designing  forced  circulation  systems. 

Example  1.  From  the  plan  of  Fig.  4  note  that  the  longest  circuit  consists  of  151  ft  of 
iron  pipe;  1  boiler;  1  radiator;  1  radiator  valve;  1  stop  cock;  10  ells  and  3  tees;  and  the 
shortest  circuit  consists  of  127  ft  of  pipe;  4  tees;  1  boiler;  1  radiator;  1  radiator  valve; 
1  stop  cock;  and  6  ells.  Design  the  piping  for  this  system. 

Solution.  The  friction  in  the  various  fittings  can  be  expressed  in  terms  of  the  friction 
in  a  90-deg  elbow  from  the  values  given  in  Table  3.  The  longest  circuit  consists  of  151  ft 
of  pipe  and  44  elbow  equivalents.  The  short  circuit  consists  of  127  ft  of  pipe  and  39 
elbow  equivalents. 

The  friction  head  in  one  elbow  is  approximately  equal  to  the  friction  produced  by  the 
same  sized  pipe  25  diameters  in  length.  Assume  that  the  average  pipe  size  for  this 
system  is  1  in.  The  equivalent  length  of  the  longest  circuit  will  be  151  ft  plus  100  ft  or 
251  ft  of  pipe.  The  equivalent  length  of  the  short  circuit  will  be  217  ft. 

Having  determined  the  equivalent  length  of  the  circuits,  the  next  step  is  to  assume  the 
rate  at  which  the  water  is  to  be  circulated  in  the  system.  The  water  may  flow  through 
the  system  so  that  it  will  cool  any  reasonable  number  of  degrees.  For  the  most  economi- 
cal average  system  a  20  F  drop  seems  to  be  a  satisfactory  rate.  This  entails  a  slower 
water  flow  from  the  pumping  equipment  with  a  reasonable  relationship  between  pipe 
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TABLE  1.    EQUIVALENT  LENGTH  OF  PIPE  vs.  PRESSURE  HEAD  AT  VARIOUS 
FRICTION  LOSSES  STEEL  PIPE 


HEAD 
Loss, 
FT 

MILINCH  FRICTION  Loss  PER  FOOT  OF  PIPE 

720 

480 

360 

300 

240 

180 

160 

144   120 

96 

90 

80 

70 

60 

EQUIVALENT  LENGTH  OF  PIPE  IN  FEET 

2 
8W 

33 
42 
50 

50 
62 
75 

66 
84 
100 

80 
100 
120 

100 
125 
150 

133 
167 
200 

150 
188 
225 

167 
208 
250 

200 
250 
300 

250 
312 
375 

270 
333 
400 

300 
375 
450 

340 
428 
510 

400 
500 
600 

J* 

4K 

59 
67 
75 

87 
100 
112 

117 
133 
149 

140 
160 
180 

175 
200 
225 

233 
266 
300 

263 
300 
338 

291 
333 

374 

350 
400 
450 

437 
500 
562 

463 
533 
593 

525 
600 
675 

593 
685 
758 

700 
800 
900 

5 
5M 
6 

83 
92 
100 

125 
137 
150 

167 
183 
200 

200 
220 
240 

250 
275 
300 

333 

366 
400 

375 
413 
450 

416 
457 
500 

500 
550 
600 

625 
687 
750 

666 
713 
800 

750 
825 
900 

860 
923 
1030 

1000 
1100 
1200 

6^ 
7M 

108 
116 
124 

162 
175 
187 

217 
233 
249 

260 
280 
300 

325 
350 
375 

433 
465 
500 

488 
525 
563 

540 
580 
623 

650 
700 
750 

812 
875 
937 

843 
933 
973 

975 
1050 
1125 

1088 
1200 
1252 

1300 
1400 
1500 

8 

5« 

133 
142 
150 

200 
212 
225 

266 
283 
300 

320 
340 
360 

400 
425 
450 

533 
566 
600 

600 
638 
675 

666 
706 
750 

800 
850 
900 

1000 
1062 
1125 

1070 
1103 
1200 

1200 
1275 
1350 

1370 
1417 
1540 

1600 
1700 
1800 

18* 

IOM 

159 
167 
175 

237 
250 
262 

317 
333 
349 

380 
400 
420 

475 
500 
525 

633 
666 
700 

713 
750 
788 

789 
833 
872 

950 
1000 
1050 

1187 
1250 
1312 

1233 
1333 
1363 

1425 
1500 
1575 

1577 
1715 
1737 

1900 
2000 
2100 

11 
HH 

12 

183 
192 
200 

275 
287 
300 

366 
383 
400 

440 
460 
480 

550 
575 
600 

733 

766 
800 

825 
863 
900 

916 
955 
1000 

1100 
1150 
1200 

1375 
1437 
1500 

1466 
1533 
1600 

1650 
1725 
1800 

1885 
1897 
2030 

2200 
2300 
2400 

NOMINAL 
PIPE  SIZE, 

IN. 

CAPACITY  OF  PIPES  Mbh  WITH  A  20  Fa  DROP 
A  =  Carrying  Capacity,  B  =  Velocity,  inches  per  second 
Friction  Head  of  Pipe  Milinch.es  per  foot 

720 

480 

360 

300 

240 

180 

160 

144 

120 

96 

90 

80 

70 

60 

A 
X  B 

20 

£7 

16 
22 

14 

19 

13 
17 

11 
15 

10 
13 

9 

12 

9 
11 

8 
10 

7 
9 

7 
9 

6 
5 

6 
3 

5 
7 

A 
&  B 

43 
33 

35 
25 

30 
S3 

27 
£1 

24 
18 

21 
16 

19 
15 

18 
U 

17 
13 

15 

11 

14 
11 

13 

10 

12 
9 

11 

9 

A 
1    B 

85 
29 

70 
32 

60 

27 

54 
25 

48 

SIS 

41 
19 

39 
18 

36 

17 

33 
15 

30 
13 

28 
13 

27 

IS 

25 

11 

23 

10 

A 
IK  B 

180 
48 

145 
39 

125 
S3 

115 
30 

98 
27 

85 
23 

80 

21 

75 

20 

68 
19 

60 
16 

58 
15 

55 
IS 

51 
14 

47 
12 

A 
1H  ^ 

285 

54 

230 

44 

195 
38 

180 
34 

160 
SO 

135 

26 

125 

24 

120 
23 

110 

21 

96 
19 

92 
18 

88 
17 

82 
15 

75 

14 

A 
2    B 

540 
64 

435 

68 

370 

45 

340 
40 

300 
36 

255 

SO 

240 

29 

230 
27 

205 

24 

180 

22 

175 

21 

165 
20 

150 
19 

140 

17 

A 
2^  B 

890 

74 

720 

60 

610 
50 

550 
46 

480 
41 

420 
35 

390 
33 

370 
31 

330 

28 

300 

24 

280 
24 

270 

22 

250 

21 

230 
19 

A 
3    B 

1650 
88 

1340 
70 

1130 
60 

1000 
84 

900 
48 

760 

41 

720 
35 

670 
30 

600 
33 

540 
29 

520 
£5 

480 
26 

450 
24 

410 
#2 

A 
3H  B 

2500 
99 

2000 
78 

1700 
00 

1500 
60 

1350 
*4 

1150 

40 

1080 
43 

1000 
40 

900 
36 

800 
30 

760 

3J 

720 
29 

670 

57 

620 
25 

A 
±    B 

3500 
110 

2800 
87 

2400 

74 

2200 
66 

1900 
55 

1600 
60 

1520 

47 

1440 
45 

1300 
40 

1150 
35 

1100 
34 

1050 
32 

960 
SO 

880 

57 

A 
5   B 

7000 
182 

5600 
106 

4700 
00 

4300 
50 

3700 
70 

3200 
00 

3000 
56 

2750 
53 

2500 
45 

2200 
42 

2100 
4J 

2000 
33 

1800 
30 

1700 
35 

A 
6    B 

12,000 
156 

9200 
W 

7800 
JT04 

7000 
94 

6200 
35 

5200 
69 

4800 
04 

4600 
61 

4100 
55 

3600 
45 

3500 

40 

3300 
44 

3000 
4/ 

2800 
37 

»For  other  temperature  drops  the  pipe  capacities  may  be  changed  correspondingly.    For  example,  with 
a  temperature  drop  of  30  F,  the  capacities  shown  in  this  table  are  to  be  multiplied  by  1.5. 
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TABLE  2.    EQUIVALENT  LENGTH  OF  TUBE  vs.  PRESSURE  HEAD  AT  VARIOUS 
FRICTION  LOSSES  TYPE  L  COPPER  TUBE 


HEAD 
Loss, 
FT 

MILINCH  FRICTION  Loss  PER  FOOT  OF  TUBE 

720   600   480   360    300    240  j  ISO    150  }  120    90     75    "60 

EQUIVALENT  LENGTH  OF  TUBE  m  FEET  (LONGEST  CIRCUIT) 

2 
2^ 
3 

33 
42 
50 

40 
50 
60 

50 
63 
75 

67 
83 
100 

80 
100 
120 

100 
125 
150 

133 
167 
200 

160 
200 
240 

200 
250 
300 

267 
333 
400 

320 
400 
480 

400 
500 
600 

3M 

4M 

58 
67 
75 

70 
80 
90 

88 
100 
113 

117 
133 
150 

140 
160 
ISO 

175 
200 
225 

233 
267 
300 

280 
320 
360 

350 
400 
450 

467 
533 
600 

560 
640 
720 

700 
800 
900 

5 

8M 

83 
92 
100 

100 
110 
120 

125 
138 
150 

167 
183 
200 

200 
220 
240 

250 
275 
300 

333 
367 
400 

400 
440 
480 

500 
550 
600 

667 
733 
800 

800 
880 
960 

1000 
1100 
1200 

6H 
7H 

108 
117 
125 

130 
140 
150 

163 

175 
188 

217 
233 
250 

260 
280 
300 

325 
350 
375 

433 
467 
500 

520 
560 
600 

650 
700 
750 

867 
933 
1000 

1040 
1120 
1200 

1300 
1400 
1500 

8 

5* 

133 
142 
150 

160 
170 
ISO 

200 
213 
225 

267 
283 
300 

320 
340 
360 

400 
425 
450 

533 

567 
600 

640 
680 
720 

800 
850 
900 

1067 
1133 
1200 

1280 
1360 
1440 

1600 
1700 
1800 

18* 

IQiX 

159 
167 
175 

190 
200 
210 

238 
250 
263 

317 
333 
350 

380 
400 
420 

475 
500 
525 

633 
667 
700 

760 
800 
840 

950 
1000 
1050 

1267 
1333 
1400 

1520 
1600 
16SO 

1900 
2000 
2100 

11 
11H 

12 

1S3 
192 
200 

220 
230 
240 

275 

2RS 
300 

367 
383 
400 

440 
460 
480 

550 
575 
600 

733 
767 
800 

SSO 
920 
960 

1100 
1150 
1200 

1467 
1533 
1600 

1760 
1840 
1920 

2200 
2300 
2400 

NOMINAL 
TUBE 
SIZE, 
IN. 

CAPACITY  OF  TUBES  Mbh  WITH  A  20  Fa  DROP 
.4  =  Carrying  Capacity,  B  =  Velocity,  inches  per  second 
Friction  Head  of  Pipe  Milinches  per  Foot 

720 

600 

480 

360 

300 

240 

ISO 

150 

120    90 

75 

60 

A 
*A  B 

10 

$7 

9 
£4 

S 

SI 

6.8 
18 

6.2 
16.5 

5.4 

14 

4.6 
13 

4 

n 

3.6 
10 

3 

8.5 

2.S 
8 

2.4 
7 

A 

H  B 

20 
53 

18 
SO 

16 
85 

13.5 

£1 

12 
19 

10.S 
17 

9 

15 

8 
IS 

7 
1£ 

6 
10 

5.4 

9 

4.7 
8 

A 
H  B 

30 
37 

30 
34 

26 
SO 

22.1 
£4 

20 
£1 

17.8 
19 

15 
17 

13.1 
IS 

11.8 
13 

9.9 
11 

9 
10 

7.9 

9 

A 
%  B 

51 
4$ 

46 
S3 

40 
S3 

34 

£7 

31 

H 

28 

£1 

23.2 

19 

20.5 
17 

18.1 
14 

15.3 

IS 

13.9 
11.  S 

12.1 
10 

A 
1   B 

104 
48 

94 
45 

82 

39 

70 
34 

63 

SO 

56 
SB 

47 

S3 

42 

19 

37 

17 

32 
14.5 

28 
IS 

25 

ie 

A 
IK  B 

185 
55 

169 
51 

149 
45 

125 
S9 

112    100 
35     SO 

84 
£5 

75 

££ 

66 

19 

56 

17 

50 
15 

44 
IS 

A 
1H  B 

300 
M 

270 
57 

235   200    ISO 

SI    4$     S9 

160 
35 

134 
SO 

120 
£5 

105 

m 

90 

19 

81 
17 

71 
15 

A 
2   B 

625 
76 

560 
68 

495 
59 

420 
51 

375 

47 

335 

4* 

280 

36 

250 

sjs 

200 

£7 

188 
££ 

170 
£0 

150 
18 

A 
2M  B 

1130 
90 

1010 
80 

890 
69 

750 
58 

680 
49 

600 

47 

500 
42 

450 
57 

395 
S3 

335 

26 

305 

IBS 

270 
£1 

A 
3   B 

1840 
98 

1650 
90 

1450 
80 

1210 
66 

1100 
59 

9SO 
52 

820 

47 

740 
4* 

650 

S6 

550 
SO 

490 

27 

420 
£3 

A 
3H  B 

2750 
110 

2480 
100 

2170 
89 

1840 

75 

1650 
66 

1450 

57 

1210 
51 

1100 
45 

980 
40 

820 
55 

740 
SO 

650 
£6 

A 
4   B 

3900 
ISO 

3505 
108 

3100 

96 

2600 
53 

2350 

73 

2090 
6S 

1760 
55 

1580 
49 

1390 
44 

1180 
37 

1080 
34 

950 

£9 

»For  other  temperature  drops  the  pipe  capacities  may  be  changed  correspondingly.    For  example,  with 
temperature  drop  of  30  Ff  the  capacities  shown  in  this  table  are  to  be  multiplied  by  1.5. 
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size  and  flow,    Assume  20  F  drop  for  this  system.    One  gallon  of  water  per  minute  with  a 
density  of  7.99  at  215  F  will  deliver  approximately  9600  Btu  per  hour  with  a  20  F  drop, 


10000 


5000 


50        100  500      1000  5000    10000 

HEAT  CONVEYED  PER  HOUR  IN  1000  B.T.  U. 

FIG.  3.   FRICTION  HEADS  IN  BLACK  IRON  PIPES  FOR  A  20  F  TEMPERATURE 
DIFFERENCE  OF  THE  WATER  IN  THE  FLOW  AND  RETURN  LINES 

For  other  temperature  drops  the  pipe  capacities  may  be  changed  correspondingly.    For  example, 
with  a  temperature  drop  of  30  F,  the  capacities  shown  in  this  table  are  to  be  multiplied  by  1.5. 

The  total  radiation  load  is  98  Mbh,  therefore  the  pump  must  deliver  10.2  gpm  or  4900 
Ib  of  water  per  hour. 
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Knowing  that  the  rate  of  flow  Is  10.2  gpm,  the  next  step  is  to  determine  from  the 
characteristics  of  available  pumps,  which  one  will  produce  a  satisfactory  velocity  in  the 
system.  Assume  that  4  pumps  are  available  for  this  load  which  will  produce  10.2  gpm  at 
pressure  heads  of  2,  5,  10  and  18  ft.  At  these  heads  the  pumps  would  produce  a  velocity 
high  enough  to  make  available  a  friction  head  per  foot  of  pipe  of  96,  240,  480  and  860 
milinches  per  foot  respectively.  If  95  milinches  per  foot  were  used,  the  gravity  head  at 
215  F  average  temperature  in  the  mains  would  be  26  per  cent  of  the  total  head  and 
should  be  considered  in  sizing  the  system.  At  240  milinches  per  foot  the  gravity  effect  is 
10  per  cent  and  as  this  is  lower  than  the  delivery  variation  from  the  pipe  used,  it  can  be 
neglected.  At  480  and  860  milinches  the  gravity  effect  is  still  a  smaller  percentage  of 


FIG.  4.    A  FORCED  CIRCULATION  REVERSED  RETURN  SYSTEMa 

•Note  that  the  numbers  on  the  radiators  indicate  thousands  of  Btu  per  hour  (Mbh)  and  not  square  feet. 

the  total,  but  at  these  losses  in  the  average  system  the  cost  of  pumping  will  more  than 
offset  the  advantage  gained  in  pipe  sizes.  Therefore,  pipe  size  this  system  at  240  mil- 
inches  per  foot  which  is  equivalent  to  a  total  loss  of  60,000  milinches  for  the  250  ft 
equivalent  length  of  pipe. 

The  pipe  sizes  may  be  selected  from  Fig.  3  or  from  Table  1  which  has  been  derived 
from  Fig.  3. 

Size  the  supply  main  of  the  longest  circuit  first.  Section  AB  carries  98  Mbh.  From 
Fig.  3  it  will  be  noted  that  at  240  milinches  per  foot,  a  lK-in.  pipe  carries  98  Mbh. 
Therefore,  use  134-in.  pipe  in  Section  AB.  Section  BO  carries  40  Mbh.  A  1-in.  pipe 
carries  48  Mbh  at  240  milinches  per  foot.  Use  a  1-in.  pipe.  Section  OP  carries  20  Mbh 

297 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


TABLE  3.    IRON  AND  COPPER  ELBOW  EQUIVALENTS 


FITTING 

IRON 
PIPE 

COPPER 
TUBING 

Elbow,  90-deg  

1.0 

1.0 

Elbow,  45-deg                                                       

0.7 

0.7 

Elbow,  90-deg  long  turn                        

0.5 

0.5 

Open  return  band- 

1.0 

1.0 

Open  gate  valve 

0.5 

0.7 

Open  globe  valve  -            ..               

12.0 

17.0 

Angle  radiator  valve   

2.0 

3.0 

Radiator 

3.0 

4.0 

Boiler  or  heater 

3.0 

4.0 

Tee,  per  cent  flowing  through  branch: 
100 

1.8 

1.2 

50                                                          

4.0 

4.0 

25  

16.0 

20.0 

and  this  will  require  ?^-in.  pipe.  Section  PQ  carries  10  Mbh  and  requires  J^  in.  pipe. 
To  size  the  return  start  from  the  boiler  and  proceed  backwards.  Section  IR  carries 
40  Mbh  and  from  Fig.  3  a  1-in.  pipe  is  required.  Section  RS  carries  30  Mbh  which  is  only 
slightly  over  the  capacity  of  a  %-in.  pipe,  so  use  %  in.  Section  ST  carries  20  Mbh  and 
requires  a  M-in.  pipe.  The  radiator  branches  are  determined  in  the  same  manner.  It  is 
evident  from  the  chart  that  it  is  impossible  to  maintain  a  constant  friction  loss  per  foot 
and  therefore  as  the  delivery  varies  there  will  be  a  change  in  the  desired  friction  loss  per 
foot  of  pipe. 

TABLE  4.    PIPING  CHECK  CHART 


LOAD,  Mbh 

PIPE 
LENGTH 
FT 

ELBOWS 

PIPE 
SIZE 
IN. 

UNIT  HEAD 
MILINCHES 
PER  FT 

FRICTION 
MILINCHES 

TOTAL 
Loss 
MILINCHES 

Supply  Main 


AB  98 

37 

'1 

iy* 

240 

9600 

9,600 

BC  58 

2 

4 

1M 

90 

1080 

10,680 

CD  38 

16 

1 

1 

155 

2790 

13,470 

DE  23 

9 

0 

M 

220 

1980 

15,450 

EF  11 

12 

0 

M 

240 

2880 

18,330 

FG   4 

16        1 

H 

50 

850 

19,180 

Return  Main 


HI     98 

5 

5 

iy 

240 

4320 

4,320 

IJ       58 
JK     54 

11 
16 

1 
1 

!M 

90 
300 

1260 
5400 

5,580 
10,880    , 

KL    47 

11 

0 

i 

230 

2530 

13,410 

LM    35 

9 

0 

i 

140 

1260 

14,670 

MN  20 

15 

1 

H 

170 

2890 

17,560 

Radiator  Circuits 


CN    20        Supply 
Return 

3 

4 

13 
2 

% 

170 
170 

3910 
1190 

5,100 

DM   15        Supply 
Return 

3 

4 

19 
17 

X 

420 
96 

9250 
2880 

12,130 

EL     12        Supply 
Return 

14 
15 

20 
20 

% 

270 
270 

9180 
9450 

18,630 

FK       7        Supply 
Return 

3 

4 

19 
17 

K 

100 
100 

2200 
2100 

4,300 

GJ       4        Supply 
Return 

S 
9 

5 
17 

% 

50 
50 

650 
1300 

1,950 
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It  is  desirable  to  check  the  various  circuits  so  that  if  the  variation  from  the  calculated 
resistance  is  too  great,  it  may  be  compensated  by  adding  additional  resistance  at  the 
proper  point.  This  may  be  accomplished  by  sizing  the  short  circuits  by  the  procedure 
previously  outlined.  Prepare  a  chart  such  as  Table  4  to  be  used  in  calculating  the 
resistance  of  each  circuit. 

Section  AB  carries  98  Mbh  with  a  unit  head  of  240  milinches  per  foot.  In  section  AB 
there  are  37  ft  of  pipe  and  \l/i  in.  elbow.  At  240  milinches  per  foot  this  is  equivalent  to 
9600  milinches  total  loss  in  this  section.  Section  BC  carries  58  Mbh  with  a  length  of  2  ft 
and  4  elbows.  The  unit  loss  in  this  section  is  90  milinches  per  foot.  Loss  in  this  section  is 
then  1080  milinches.  Section  CD  carries  38  Mbh  and  has  16  ft  of  pipe  and  1  elbow.  The 
unit  loss  in  1-in.  pipe  is  155  milinches.  The  loss  in  this  section  is  2790  milinches.  The 
balance  of  the  supply  main  and  the  return  main  are  handled  in  a  similar  manner. 

The  radiator  circuits  are  then  checked.  The  20  Mbh  radiator  on  this  circuit  has  3  ft 
of  supply  pipe  and  13  elbow  equivalents  while  the  return  is  composed  of  4  ft  and  2 
elbows.  The  unit  loss  in  %  in.  pipe  at  this  delivery  is  170  milinches  per  foot.  The  total 
loss  in  the  supply  is  3910  milinches.  The  loss  in  the  return  is  1190.  Total  loss  in  the 
radiator  circuit  is  5100  milinches.  Check  each  radiator  circuit  in  a  similar  manner. 

The  total  calculated  loss  for  the  longest  circuit  was  determined  as  60,000  milinches. 
The  maximum  loss  in  the  short  circuit  is  18,630  plus  13,410  plus  15,450  or  a  total  of 
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FIG.  5.    A  FORCED  CIRCULATION  DIRECT  RETURN  SYSTEM 


47,490  milinches.  This  difference  is  caused  by  the  variation  in  length  of  the  two  circuits 
and  may  be  corrected  by  using  a  flow  control  in  the  return  main  to  supply  the  additional 
resistance  or  by  introducing  resistance  into  each  separate  circuit  to  compensate  for  the 
difference.  A 10  per  cent  variation  will  cause  no  complication  as  the  flow  from  the  various 
pipes  will  not  exactly  follow  the  curves  of  Fig.  3  any  closer  than  this  value. 

Example  #.  Design  a  two-pipe  direct  return  forced  circulation  system  with  copper 
tubing  and  fittings  for  the  piping  layout  as  detailed  in  Fig.  5,  based  on  a  20  F  tempera- 
ture drop  through  the  radiation. 

The  piping  circuit  from  the  boiler  to  the  highest  radiator  on  the  farthest  riser  and 
back  to  the  boiler  is  250  ft  of  pipe.  There  are  about  16  elbow  equivalents  having  an 
equivalent  pipe  length  of  about  50  ft,  so  that  the  total  equivalent  pipe  length  is  300  ft. 

Assume  that  a  circulator  is  available  which  will  provide  a  pressure  head  of  6  ft- 

Solution.  Refer  to  Table  2,  which  indicates  the  total  equivalent  lengths  for  pressure 
heads  from  2  to  12  ft.  With  a  circulator  having  a  6  ft  pressure  head  and  a  system  with 
a  total  equivalent  length  of  300  ft,  the  piping  system  will  be  designed  on  a  basis  of  240 
milinch. 

Checking  the  piping  diagram  it  will  be  noted  that  sections  AB  and  KA,  both  supply 
117.6  Mbh.  Referring  to  the  240  milinch  column  of  Table  2,  1J^  in.  is  shown  to  be  the 
necessary  pipe  size.  Sections  BC  and  JK  carry  88.8  Mbh  and  require  1J£  in,  tubing. 
Sections  CD  and  IJ  supply  67.2  Mbh  and  require  IK  in.  tubing.  Sections  DE  and  HI 
supply  43.2  Mbh,  which  requires  1  in.  tubing.  Sections  EF  and  GH  with  a  load  of  14.4 
Mbh  require  Y%  in.  tubing.  ''  : 

The  risers  are  pipe  sized  in  a  similar  manner.    To  secure  proper  distribution  of  hot 
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water  in  the  direct  return  system  among  the  several  risers,  it  is  necessary  to  introduce 
resistances  to  balance  the  circuit. 

The  first  riser  is  80  ft  nearer  the  boiler  than  the  fifth  riser.    In  order  that  the  two  may 
be  balanced,  that  is,  operated  under  equal  pressure  heads,  resistance  must  be  added  to 


200 


220 


150         160         170         180  90         200  T~ 

TEMPERATURE  OF  WATER  IN  FLOW  RISER 

FIG.  6.    GRAVITY  PRESSURE  HEADS  FOR  VARIOUS  TEMPERATURE  DIFFERENCES 


the  first  riser  equal  to  the  friction  head  in  the  80  ft  of  supply  main  B  to  F  plus  the  80  ft  of 
return  main  G  to  K  for  a  total  of  160  ft  of  pipe. 

Having  designed  the  piping  system  on  a  240  milinch  basis,  the  total  friction  head  in 
the  supply  and  return  mains  between  the  first  and  fifth  risers  is  therefore  160  X  240  = 
38,400  milmches,  or  3.2  ft  which  must  be  supplied  by  additional  resistance  in  the  first 
riser.  This  resistance  can  be  supplied  by  an  adjusting  valve  or  by  an  orifice  of  size 
selected  from  Table  5. 
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GRAVITY  CIRCULATION  PIPE  SIZES 

In  gravity  hot  water  heating  systems  the  difference  in  temperature 
(density)  between  the  flow  and  return  produces  the  circulation  of  the 
water.  The  temperature  difference  is  usually  made  from  25  to  35  F. 
Having  determined  the  temperature  difference  and  the  temperature  of 
flow,  Fig.  6  can  be  used  to  obtain  the  pressure  head,  and  from  this  point 
the  calculations  are  the  same  as  for  forced  hot  water.  Heat  emission 
rates  from  150  to  170  Btu  per  square  foot  are  commonly  used  so  that 
flow  temperatures  range  from  180  to  200  F  or  higher.  Assuming  a  flow 
temperature  of  200  F  and  35  F  drop  and  the  mains  4  ft  above  the  boiler, 
a  circulating  pressure  head  of  600  milinches  results.  Assuming  first  floor 
radiators  3  ft  above  the  mains  and  second  floor  radiators  12  ft  above 
mains,  third  floor  21  ft  and  fourth  floor  30  ft,  the  circulating  pressure 
heads  are  450,  1800,  3150  and  4500  milinches  respectively. 


1 t 


2k" 


FIG.  7.    A  ONE-PIPE  GRAVITY  CIRCULATION  SYSTEM 

The  following  examples  will  illustrate  the  method  to  be  followed  in 
designing  a  gravity  hot  water  system : 

Example  8.  Design  a  one-pipe  gravity  circulation  system  for  the  layout  shown  in 
Fig.  7.  Assume  that  the  main  circuit  consists  of  150  ft  of  pipe,  7  elbows,  and  one  boiler. 

Solution.  Replace  the  boiler  by  3  elbow  equivalents  and  assume  that  the  size  of  the 
main  will  be  about  2  in.  According  to  Table  6,  Column  2,  a  2-in.  elbow  is  equivalent 
to  4  ft  of  pipe,  and  the  total  equivalent  length  of  the  main  will  be  about  150  plus  40,  or 
190  ft.  Assuming  that  the  center  of  the  boiler  will  be  about  4  ft  lower  than  the  horizontal 
portion  of  the  main  and  that  the  temperature  drop  in  the  system  is  to  be  35  F,  Table  6 
may  be  used  to  determine  the  size  of  the  mains.  Note  from  Column  S,  for  a  200  ft 
length,  that  a  2-in.  main  will  supply  48  Mbh  and  a  2J^-in.  main,  75.4  Mbh.  Since  the 
system  to  be  designed  is  to  supply  66  Mbh,  a  2-in.  pipe  is  too  small  and  a  2J^-in.  pipe 
too  large.  The  solution  is  to  use  some  2  in.  and  some  2J^  in.  pipe.  Since  the  2J^  in.  is 
nearer  the  correct  size  than  the  2  in.,  select  2-in.  pipe  for  the  first  50  or  60  ft  from  the 
boiler  and  2J^  in,  for  the  remaining  pipe  back  to  the  boiler. 

Tables  7  and  8  may  be  used  to  design  the  radiator  risers  and  connections.  ^  According 
to  Table  7,  for  12  Mbh  the  flow  riser  should  be  M  in.  and  the  return  riser  1  in.,  and  the 
riser  branches  should  be  1  in.  and  1  J<£  in.,  respectively.  Note  that  according  to  Table  8, 
both  radiator  tappings  should  be  1  in.  To  simplify  the  construction,  select  1-in.  flow 
risers  with  1-in.  riser  branches  and  1-in.  radiator  tappings.  Also  select  IM-in.  return 
risers  with  IJ^-in.  riser  branches,  and  Ij^-in.  radiator  tappings.  Similarly,  for  IS  Mbh, 
select  IJ^-in.  flow  and  return  risers  and  riser  branches,  and  IJ^-in.  radiator  tappings. 

To  develop  a  rule  for  determining  radiator  sizes,  assume  a  system 
similar  to  that  of  Fig.  7,  in  which  the  total  temperature  drop  is  to  be  35  F 
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TABLE  5. 


FRICTION  HEADS  (IN  MILINCHES)  OF  CENTRAL  CIRCULAR 
DIAPHRAGM  ORIFICES  IN  UNIONS 


DIAMETER 

OF 

ORIFICES 
(INCHES) 


VELOCITY  OP  WITEB  IN  PIPE  IN  FEET  PER  MINUTE 


10 


20 


30 


40 


50 


90 


120 


180 


in.  Pipe 


0.25 

1300 

2900 

5000 

11,300 

20,800 

32,000 

45,000 

0.30 

650 

1450 

2500 

5700 

10,400 

16,000 

23,000 

57,000 

0.35 

330 

740 

HOO 

2900 

5200 

8000 

12,000 

26,000 

47,000 

0.40 

170 

380 

660 

1500 

2600 

4000 

6800 

13,000 

24,000 

53,000 

0.45 

185 

330 

740 

1300 

2000 

2900 

6500 

12,000 

27,000 

0.50 

155 

350 

620 

970 

1400 

3200 

5700 

13,000 

0.55 

75 

170 

300 

480 

700 

1600 

2800 

6400 

I -in.  Pipe 


0.35 

900 

2000 

3500 

7800 

14,000 

22,000 

32,000 

0.40 

460 

1000 

1800 

4000 

7200 

12,000 

17,000 

37,000 

65,000 

0.45 

270 

570 

1000 

2300 

4100 

6400 

9300 

21,000 

37,000 

0.50 

160 

330 

580 

1400 

2300 

3700 

5400 

12,000 

22,000 

50,000 

0.55 

190 

330 

750 

1300 

2200 

3000 

7000 

13,000 

28,000 

0.60 

200 

440 

800 

1300 

1800 

4200 

7400 

17,000 

0.65 

120 

260 

460 

720 

1100 

2400 

4300 

10,000 

ll/i-in.  Pipe 


0.45 

1000 

2250 

4000 

8900 

16,000 

25,000 

36,000 

0.50 

660 

1450 

2600 

5800 

10,400 

16,400 

23,000 

53,000 

0.55 

430 

950 

1700 

3800 

6800 

10,500 

15,000 

34,000 

60,000 

0.60 

280 

630 

1100 

2500 

4400 

6900 

10,000 

22,000 

40,000 

0.65 

190 

420 

750 

1700 

3000 

4700 

6700 

15,000 

27,000 

60,000 

0.70 

285 

510 

1150 

2000 

3100 

4500 

10,000 

18,000 

40,000 

0.75 

190 

330 

750 

1300 

2100 

3000 

6700 

12,000 

26,000 

/  lA-in.  Pipe 


0.55 

850 

1900 

3300 

7400 

13,000 

21,000 

30,000 

0.60 

600 

1300 

2300 

5400 

8600 

16,800 

21,000 

50,000 

0.65 

400 

850 

1500 

3600 

7200 

10,400 

14,000 

30,000 

53,000 

0.70 

260 

600 

J100 

2600 

4400 

7000 

10,000 

21,000 

39,000 

0.75 

180 

400 

760 

1800 

3000 

5000 

7000 

14,000 

28,000 

O.SO 

300 

540 

1200 

2200 

3200 

5000 

10,200 

19,000 

45,000 

0.85 

200 

380 

860 

1600 

2300 

3000 

7800 

13,000 

30,000 

$-in.  Pipe 

0.70 

890 

1850 

3500 

7400 

14,000 

22,300 

33,000 

0.80 

470 

975 

1800 

3900 

7400 

11,700 

17,000 

37,000 

0.90 

255 

560 

1000 

2200 

4200 

6500 

9500 

20,500 

38,000 

1.00 

160 

340 

610 

1320 

2520 

4000 

5800 

12,500 

23,000 

49,000 

1.10 

214 

375 

850 

1600 

2500 

3700 

7900 

14,000 

30,000 

1.20 

195 

460 

950 

1360 

1910 

4200 

8100 

16,800 

1.30 

275 

525 

980 

1375 

3100 

4400 

8850 

Note. — The  losses  of  head  for  the  orifices  in  the  IM-in.  and  2-in.  pipe  were  calculated  from  those  in  the 
smaller  pipes,  the  calculations  being  based  on  the  assumption  that,  for  any  given  velocity,  the  loss  of  head 
is  a  function  of  the  ratio  of  the  diameter  of  the  pipe  to  that  of  the  orifice.  This  had  been  found  to  be 
practically  true  in  the  tests  to  determine  the  losses  of  head  in  orifices  in  M-in.,  1-in.,  and  1%-in.  pipe,  con- 
ducted by  the  Texas  Engineering  Experiment  Station,  and  also  in  the  tests  to  determine  the  losses  of  head 
in  orifices  in  4-m.,  6-in.,  and  12-in.  pipe,  conducted  by  the  Engineering  Experiment  Station  of  the  University 
of  Illinois,  (Btdldin  109,  Table  6,  p.  38,  Davis  and  Jordan). 
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and  which  is  equipped  with  7  radiators,  all  radiators  dissipating-  equal 
quantities  of  heat.  The  mean  temperature  of  the  water  in  the  radiators 
will  be  reduced  5  F  for  each  successive  radiator.  If  the  mean  temperature 
of  the  water  in  the  first  radiator  is  200  F,  the  mean  temperature  of  the 
water  in  the  seventh  radiator  will  be  170  F,  and,  according  to  Table  4, 
Chapter  12,  the  heat  dissipation  of  these  two  radiators  will  be  to  each 
other  as  1.62  is  to  1.15,  or  as  140  is  to  100,  and  therefore  if  the  last  radiator 
is  to  dissipate  as  much  heat  as  the  first,  its  size  must  be  40  per  cent  larger. 

Example  ^.  Design  a  two-pipe,  direct  return,  gravity  circulation  system  for  the  lay- 
out shown  in  Fig.  8.  Assume  that  the  main  circuit  from  the  boiler  to  the  farthest  flow 
riser  and  from  the  farthest  return  riser  back  to  the  boiler  consists  of  160  ft  of  pipe, 
6  elbows,  and  1  boiler. 

Solution.  Replacing  the  boiler  by  3  elbow  equivalents  and  assuming  that  the  largest 
size  of  the  main  will  be  about  3  in.,  the  total  equivalent  length  of  the  main  will  be  160 
plus  45,  or  205  ft.  Assuming  that  the  center  of  the  boiler  will  be  about  4  ft  lower  than  the 
horizontal  portion  of  the  main,  and  that  the  temperature  drop  will  be  35  F  for  the 


nM 
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FIG.  8.   A  TWO-PIPE  DIRECT  RETURN  GRAVITY  CIRCULATION  SYSTEM 


system,  the  pressure  head  caused  by  the  difference  in  weight  between  the  water  in  the 
flow  and  return  risers  joining  the  mains  to  the  boiler  will  be  about  0.6  in.  of  water. 

Table  6  may  be  used  to  determine  the  size  of  the  main  as  follows:  Refer  to  Column  8 
and  note  that  for  Sections  AB  and  I  A,  which  supply  105.6  Mbh,  a  3-in.  pipe  is  too  large 
and  a  2%-in.  pipe  is  top  small;  hence,  select  2}^  in.  rather  than  3  in.  as  noted  in  Fig.  8 
for  Section  AB  and  3  in.  for  Section  I  A.  For  Sections  BC  and  HI,  which  supply  76.8 
Mbh,  a  2^-in.  pipe  is  almost  exactly  the  correct  size  and  is  selected  for  both  sections. 

Tables  7  and  8  are  based  on  the  assumption  that  the  boiler  pressure  head  must  be 
equal  to  the  friction  head  in  the  mains,  and  that  the  several  radiator  pressure  heads  must 
be  equal  to  the  respective  radiator  and  riser  friction  heads. 

To  design  the  radiator  risers,  use  Table  7  and  begin  with  the  set  nearest  the  boiler. 
The  first  floor  risers  must  supply  28.8  Mbh.  According  to  the  table,  IJi-hi.  flow  and 
return  risers  will  supply  26.0  Mbh;  if  the  return  riser  is  increased  to  1 J^  in.,  the  capacity 
will  be  increased  to  34.0  Mbh.  This  is  considerably  larger  than  necessary,  and  1%-in. 
flow  and  return  risers  are  selected.  However,  it  must  be  remembered  that  the  riser 
branches,  which  are  the  connections  from  the  flow  and  return  mains  to  the  flow  and 
return  risers,  are  to  be  one  size  larger  than  the  risers. 

The  second  floor  risers  must  supply  19.2  Mbh.  According  to  the  table,  the  capacity 
of  1  in.  flow  and  return  risers  is  20.0  Mbh,  and  that  size  is  selected. 

The  third  floor  risers  must  supply  9.6  Mbh.    If  a  J£-m.  flow  and  a  %-in.  return  riser 
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TABLE  6.    CAPACITIES  OF  MAINS  IN  Mbh,  FOR  ONE- PIPE  AND  FOR  TWO-PIPE  DIRECT 

RETURN  GRAVITY  CIRCULATION  SYSTEMS  WITH  A  TOTAL  FRICTION  HEAD 

OF  0.6  IN.,  A  TEMPERATURE  DROP  OF  35  F,  WHEN  THE  MAINS 

ARE  4  FT  ABO\rE  THE  CENTER  OF  THE  B  OILER 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

EQUIVAU 

SNT  TOTAJ 

.LENGTH 

OP  PIPE  i 

N  FEET  u 

I  LONGESl 

CIRCUIT 

PIPE 

SIZE 

EQUIVALENT 
LENGTH 

75 

100 

125 

150 

175 

200 

250 

300 

350 

(INCHES) 

OF  PIPE 

(FEETa) 

UNT: 

p  FRICTIO 

H  HEAD, 

[N  MlLIN< 

3HES 

8.0 

6.0 

4.8 

4.0 

3.4 

3.0 

2.4 

2.0 

1.7 

1H 

3.0 

43.0 

37.5 

33.0 

30.0 

27.0 

25.0 

88.8 

20.2 

18.7 

2 

4.0 

83.0 

72.0 

63.0 

57.0 

51.0 

48.0 

42.0 

38.0 

35.0 

2H 

4.5 

140.0 

115.0 

100.0 

90.0 

81.5 

75.4 

67.2 

61.0 

56.0 

3 

5.0 

234.0 

204.0 

175.5 

160.0 

143.0 

133.0 

110.0 

107.5 

100.0 

VA 

5.5 

347.0 

300.0 

260.0 

236.0 

214.0 

200.0 

177.0 

160.0 

146.0 

4 

6.0 

490.0 

422.0 

370.0 

334.0 

297.0 

278.0 

248.0 

223.0 

205.0 

a  Approximate  length  of  pipe  in  feet  equivalent  to  one  elbow  in  friction  head.  This  value  varies  with 
the  velocity. 

are  used,  the  capacity  will  be  8.0  Mbh;  if  both  risers  are  %  in.,  the  capacity  will  be 
14.0  Mbh.    The  Ji-in.  pipe  is  selected  for  both  risers. 

To  design  the  radiator  connections,  use  Table  8  and  note  that  for  the  first  floor 
radiator  connections  the  capacity  of  a  5i-in.  flow  and  1-in.  return  is  9.1  Mbh,  and  that  of 
a  1-in.  flow  and  a  1-in.  return  is  12.5  Mbh.  The  former  is  more  nearly  the  correct  size, 
but  since  it  is  difficult  to  secure  a  good  flow  through  first  floor  radiators,  the  1-in.  flow 
and  return  connection  is  selected.  For  the  two  upper  floors,  the  capacity  of  a  %-in.  flow 
and  return  connection  is  10.5  Mbh,  and  that  size  is  used. 

TABLE  7.    MAXIMUM  CAPACITIES  OF  RisERsa  IN  Mbh,  AND  Velocities  of  Water  in 

Pipes  in  Inches  Per  Second  FOR  ONE-PIPE  AND  FOR  TWO-PIPE  DIRECT 

RETURN  GRAVITY  CIRCULATION  SYSTEMS  WITH   A   DROP  OF 

35  F  THROUGH  EACH  RADIATOR 


PIPE  SIZE  (INCHES) 

IST  FLOOR*) 

2ND  FLOOR 

3RD  AND  4TH  FLOORS 

OF  PIPE  (FEETC) 

1/T.L 

Vel  (In.  per  Seed) 

irtj, 

jlfii 

Flow 

Return 

8 

g 

1.0 

5.0 
6.4 

8.8 
8.0 

« 

X 

.  « 

1.5 

9 

12 

2.3 
3.2 

2.3 
2.0 

10.1 
12.8 

14.0 
17.1 

i 

i 

2.0 

18 

2.5 

2.5 

20.0 

26.0 

i 

IK 

21 

3.0 

2.0 

25.2 

34.0 

1/4 

IK 

3.0 

26 

3.0 

3.0 

43.0 

55.0 

ui 

34 

4.0 

2.5 

ix 

IX 

3.5 

48 

3.0 

3.0 

aThis  table  is  based  on  pressure  heads  of  450,  1800,  3150,  and  4500,  respectively,  for  the  first,  second, 
third,  and  fourth  floor  radiators,  and  on  friction  heads  of  200  milinches  for  the  first  floor  radiators  and  con- 
nections, and  700  milinches  for  all  other  radiators  and  their  connections. 

bThe  riser  branches,  the  piping  which  connects  the  risers  to  the  mains,  are  to  be  one  size  larger  than  the 
risers. 

cApproximate  length  of  pipes  in  feet  equivalent  to  one  elbow  in  friction  head.  This  value  varies  with 
the  velocity. 

^Velocities  apply  to  the  riser  branches. 
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TABLE  8.    MAXIMUM  CAPACITIES  OF  RADIATOR  CONNECTIONS  IN  Mbh,  FOR  ONE-PIPE 

AND  FOR  TWO-PIPE  DIRECT  RETURN  GRAVITY  CIRCULATION  SYSTEMS  WITH 

A  TEMPERATURE  DROP  OF  35  F  THROUGH  EACH  RADIATOR 


PIPE  SIZE 

EQUIVALENT  LENCTH 

IsrFLooB 

2ND,  3RD,  AND  4TH  FLOORS 

Flow 

Return 

OP  PIPE  (FEET«O 

Mbk 

m 

% 

if 

1.0 

4*1 

5.2 

5.9 
7.5 

% 

Ji 

1.5 

7.0 

10.5 

% 

1 

9.1 

13.0 

1 

1 

2.0 

12.5 

17.8 

1 

1/4 

17.5 

23.2 

IJi 

IK 

•  3.0 

23.3 

33.2 

th  aApp^oximate  leneth  of  Pipe  in  feet  equivalent  to  one  elbow  in  friction  head.    This  value  varies  with 

As  explained  in  the  design  of  the  forced  circulation  system  of  Fig.  5, 
the  two-pipe  direct  return  system  of  Fig.  8  will  not  function  correctly 
unless  its  four  sets  of  risers  are  balanced  among  themselves.  This  neces- 
sary balancing  is  accomplished  by  adding  resistances  to  all  risers,  except 
the  one  farthest  from  the  boiler,  equal  to  the  excess  boiler  pressure  heads 
available  for  those  risers  above  the  boiler  pressure  head  available  for  the 
farthest  riser.  For  example,  the  first  set  of  risers  is  60  ft  nearer  the  boiler 
than  the  last  set.  Since  the  flow  and  return  mains  are  designed  for  a 
friction  head  of  3  milinches  per  foot  (see  Table  6,  Column  8),  the  boiler 
pressure  head  available  for  the  first  set  of  risers  is  360  milinches  in  excess 
of  that  available  for  the  fourth  set.  The  velocity  in  the  riser  branch  is 
3  in^per  second  (see  Table  T^and,  therefore,  according  to  Table  5,  an 
0.65-in.  orifice  in  a  IJ^-in.  union  should  be  used.  This  will  provide  a 
resistance  of  about  420  milinches.  In  the  same  manner  it  is  found  that 
for  the  second  set  of  risers  a  resistance  of  240  milinches  is  required  and 
that  an  0.70-in.  orifice  in  a  1  J^-in.  union  will  provide  a  resistance  of  285 


.Overflow  a 
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tank 
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FIG.  9.    AN  OPEN  EXPANSION  TANK  FIG.  10,   A  CLOSED  EXPANSION  TANK 
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milinches.  For  the  third  set  of  risers,  a  resistance  of  120  milinches  is 
required  and  an  0.60-in.  orifice  in  a  1-in.  union  will  provide  sufficient 
resistance. 

EXPANSION  TANKS 

Expansion  tanks  may  be  either  of  the  open  or  of  the  closed  type.  In 
the  open  type,  (see  Fig.  9)  the  water  is  subject  to  atmospheric  pressure 
only,  but  in  the  closed  tank  (see  Fig.  10)  the  system  is  under  pressure  and, 
therefore,  a  relief  valve  should  be  placed  on  the  tank.  Water  expands 
about  4  per  cent  when  being  heated  from  40  F  to  200  F,  and  the  expansion 
tank  should  have  a  volume  about  twice  the  actual  expansion  or  about 
8  per  cent  of  the  total  volume  of  water  in  the  entire  system  including 
boiler,  radiators,  pipes,  etc.  Open  expansion  tanks  should  be  at  least 
3  ft  above  the  highest  radiator  and  be  protected  against  freezing.  Closed 
tanks  are  generally  placed  in  the  cellar  over  the  boiler. 

A  relief  valve  installed  on  a  closed  tank  will  not  operate  often  provided 
the  tank  is  of  adequate  size.  It  is  essential  that  the  relief  valve  be  kept  in 
good  condition  to  eliminate  any  possible  failure  when  operation  is 
necessary. 

INSTALLATION  DETAILS 

Attention  should  be  paid  to  the  following: 

All  piping  must  be  so  pitched  that  all  air  in  the  system  can  be  vented  either  through 
an  open  expansion  tank,  radiators  or  automatic  relief  valves. 

All  piping  must  be  arranged  so  that  the  entire  system  can  be  drained.  Sections  of 
piping  individually  valved  shall  have  corresponding  drain  valves. 

In  large  buildings,  the  piping  may  be  zoned  according  to  exposure  of  building,  usage 
of  building,  or  method  of  control. 

Ail  piping  must  be  installed  so  that  it  is  free  to  expand  and  contract  with  changes  of 
temperature  without  producing  undue  stresses  in  the  pipes  or  connections.  For  this 
purpose  it  is  generally  sufficient  to  allow  for  a  variation  in  length  of  1  in.  for  100  ft  of  pipe. 

The  pipe  system  should  be  designed  so  that  each  circuit  has  its  correct  friction  head 
for  balanced  water  distribution.  This  may  be  done  by  change  of  pipe  size  or  change  in 
piping  detail. 

The  connections  from  the  boiler  to  the  mains  should  be  short  and  direct,  to  reduce  the 
friction  head  and  allow  for  expansion.  It  is  frequently  possible  to  avoid  an  elbow  and 
to  reduce  the  length  of  the  pipe  by  running  the  pipe  in  a  diagonal  direction,  either  in  a 
horizontal  or  in  a  vertical  plane. 

The  mains  and  branches  should  pitch  up  and  away  from  the  heater,  generally  not 
less  than  1  in.  in  10  ft. 

The  connections  from  mains  to  branches  and  to  risers  should  be  such  that  circulation 
through  the  risers  will  start  in  the  right  direction.  Hence,  in  a  one-pipe  system  the  flow 
connection  must  be  nearer  the  heater  than  the  return  connection.  In  a  correctly- 
designed  two-pipe  system,  the  pressure  in  the  flow  main  is  higher  than  that  in  the  return 
main,  and  a  slight  variation  in  the  distances  of  the  flow  and  return  connections  from  the 
heater  is  not  material;  but  it  is  generally  best  to  have  the  two  connections  about  equally 
distant  from  the  heater. 

Generally  connections  to  risers  or  radiators  are  taken  out  of  the  top  of  mains  either 
45  or  90  deg.  In  some  cases  it  may  be  advisable  to  take  the  flow  connection  off  the  top 
of  the  main  and  the  return  connection  from  the  side. 

With  forced  circulation  and  high  velocities,  it  is  advisable  to  let  the  water  enter  at  the 
top  of  the  radiator  and  leave  at  the  bottom  of  the  opposite  end.  With  gravity  circulation 
the  flow  connection  may  be  either  at  the  top  or  at  the  bottom  of  the  radiator.  With 
short  radiators  both  flow  and  return  may  be  at  same  end,  but  top  and  bottom. 

Unless  used  as  heating  surface,  all  piping,  both  flow  and  return,  should  be  insulated. 
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DISTRICT  HEATING 

Steam  Distribution  Piping,  Selection  of  Pipe  Sistes,  Provision 
for  Expansion,  Capacity  of  Returns  with  Various  Grades, 
Conduits  for  Piping,  Pipe  Tunnels,  Inside  Piping,  Steam  Re- 
quirements, Fluid  Meters  and  Metering,  Rates,  Utilisation, 
Automatic  Temperature  Control 

THOSE  phases  of  district  heating  which  frequently  fall  within  the 
province  of  the  heating  engineer  are  outlined  here  with  data  and 
information  for  solving  incidental  problems  in  connection  with  institutions 
and  factories.  Some  data  are  included  to  cover  the  piping  peculiar  to 
heating  systems  which  are  to  be  supplied  with  purchased  steam.  A  com- 
plete district  heating  installation  should  not  be  attempted  without  a 
thorough  study  of  the  entire  problem  by  men  competent  and  experienced 
in  that  industry. 

STEAM  DISTRIBUTION  PIPING 

The  methods  used  in  district  heating  work  for  the  distribution  of  steam 
are  applicable  to  any  problem  involving  the  supply  of  steam  to  a  group  of 
buildings.  The  first  step  is  to  establish  the  route  of  the  pipes,  and  in  this 
matter  the  local  conditions  so  fully  control  the  layout  that  little  can  be 
said  regarding  it. 

Having  established  the  route  of  the  pipes,  the  next  step  is  to  calculate 
the  pipe  sizes.  In  district  heating  work  it  is  common  practice  to  design 
the  piping  system  on  the  basis  of  pressure  drop.  The  initial  pressure  and 
the  minimum  permissible  terminal  pressure  are  specified  and  the  pipe 
sizes  are  so  chosen  that  the  required  amount  of  steam,  with  suitable 
allowances  for  future  increases,  will  be  transmitted  without  exceeding 
this  pressure  drop.  The  steam  velocity  is  therefore  almost  disregarded 
and  may  reach  a  very  high  figure.  Velocities  of  35,000  fpm  are  not  con- 
sidered high.  By  the  use  of  this  method  the  pipe  sizes  are  kept  to  a 
minimum  with  consequent  savings  in  investment. 

The  steam  flowing  through  any  section  of  the  piping  can  be  computed 
from  a  study  of  the  requirements  of  the  several  buildings  served.  In 
general  a  condensation  rate  of  0.25  Ib  per  hour  per  square  foot  of  equiva- 
lent heating  surface  is  a  safe  figure.  This  allows  for  line  condensation 
which,  however,  is  a  small  part  of  the  total  at  times  of  maximum  load. 
Miscellaneous  steam  requirements  such  as  laundry,  cooking,  or  process 
should  be  individually  calculated. 

The  steam  requirements  for  water  heating  should  be  taken  into  account, 
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but  in  most  types  of  buildings  this  load  will  be  relatively  small  compared 
with  the  heating  load  and  will  seldom  occur  at  the  time  of  the  heating 
peak.  Unusual  features  such  as  large  heaters  for  swimming  pools  should 
not  be  overlooked. 

The  pressure  at  which  the  steam  is  to  be  distributed  will  depend  upon 
(1)  boiler  pressure,  (2)  whether  exhaust  or  live  steam,  (3)  pressure  require- 
ments of  apparatus  to  be  served.  If  steam  has  been  passed  through 
electrical  generating  units,  the  pressure  will  be  considerably  lower  than  if 
live  steam,  direct  from  the  boilers,  is  used. 

The  advantages  of  low  pressure  distribution  (2  to  30  Ib  per  square  inch) 
are  (1)  smaller  heat  loss  from  the  pipes,  (2)  less  trouble  with  traps  and 
valves,  (3)  simpler  problems  in  pressure  reduction  at  the  buildings,  and 
(4)  general  reduction  in  maintenance  costs.  With  distribution  pressures 
not  exceeding  40  Ib  per  square  inch  there  is  little  danger  even  if  the  full 
distribution  pressure  should  build  up  in  the  radiators  through  the  faulty 
operation  of  a  reducing  valve;  but  with  pressures  higher  than  this  a 
second  reducing  valve  or  some  form  of  emergency  relief  is  usually  desirable 
to  prevent  excessive  pressures  in  the  radiators. 

The  advantages  of  high  pressure  distribution  are  (1)  smaller  pipe  sizes 
and  (2)  greater  adaptability  of  the  steam  to  various  operations  other  than 
building  heating. 

The  different  kinds  of  apparatus  which  frequently  must  be  served 
require  various  minimum  pressures.  Kitchen  equipment  requires  from 
5  to  15  Ib  per  square  inch,  the  higher  pressures  being  necessary  for 
apparatus  in  which  water  is  boiled,  such  as  stock  kettles  and  coffee  urns. 
An  increased  amount  of  heating  surface,  which  is  easily  obtained  in  some 
kinds  of  apparatus,  results  in  quicker  and  more  satisfactory  operation  at 
low  pressures.  For  laundry  equipment,  particularly  the  mangle,  a  pres- 
sure of  75  Ib  per  square  inch  is  usually  demanded  although  30  Ib  per  square 
inch  is  sufficient  if  the  mangle  is  equipped  with  a  large  number  of  rolls  and 
if  a  slow  rate  of  operation  is  permissible.  Pressing  machines  and  hospital 
sterilizers  require  about  50  Ib  per  square  inch. 

PIPE  SIZES 

The  lengths  of  pipe,  steam  quantities,  and  initial  and  terminal  pressures 
having  been  chosen,  the  pipe  sizes  can  readily  be  calculated  by  means  of 
the  Unwin  pressure  drop  formula.  This  is  one  of  several  formulae  which 
may  be  used.  Unwin's  formula,  which  gives  pressure  drops  slightly 
larger  than  actual  test  results,  is  as  follows: 


0.0001306  W*L 


(l  +  ^ 


where 

P  —  pressure  drop,  pounds  per  square  inch. 
W  =  weight  of  steam  flowing,  pounds  per  minute. 
L  =  length  of  pipe,  feet. 
D  =  inside  diameter  of  pipe,  inches. 
d  =  average  density  qf  steam,  pounds  per  cubic  foot. 

This  formula  is  similar  to  the  Babcock  formula  given  in  Chapter  14. 
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Information  on  provision  for  expansion  will  be  found  in  Chapter  17. 

Where  steam  and  return  piping  are  installed  in  the  same  conduit,  the 
return  piping  usually  follows  the  same  grade  as  the  steam  piping.  In 
general,  the  condensation  is  pumped  back  under  pressure.  Where  the 
condensation  returns  by  gravity,  Table  1  gives  the  sizes  of  the  return 
piping.  It  is  evident  that  at  points  where  the  grade  is  great,  smaller  pipes 
can  be  installed. 

CONDUITS  FOR  PIPING 

Conduits  for  steam  pipes  buried  underground  should  be  reasonably 
waterproof,  able  to  withstand  earth  loads  and  to  take  care  of  the  expan- 
sion and  contraction  of  the  piping  without  strain  or  stress  on  the  couplings, 
or  without  affecting  the  insulation  or  conduit.  Expansion  of  the  piping 
must  be  carefully  controlled  by  means  of  anchors  and  expansion  joints 
or  bends  so  that  the  pipes  can  never  come  in  contact  with  the  conduit. 
Anchors  can  be  anchor  fittings  or  U-shaped  steel  straps  which  partially 
encircle  the  pipes  and  are  firmly  bolted  to  a  short  length  of  structural  or 
cast  steel  set  in  concrete.  In  general,  cast  steel  is  preferable  to  struc- 
tural steel. 


TABLE  1. 


CAPACITY  OF  RETURNS  FOR  UNDERGROUND  DISTRIBUTION  SYSTEMS  IN 
POUNDS  OF  CONDENSATE  PER  HOUR 


SIZE* 

PITCH  or  PIPE  PEE  100  FT 

OF  PIPE 

IN. 

6* 

1' 

2' 

3' 

5' 

10' 

20' 

1 

448 

998 

1890 

2240 

3490 

5490 

7490 

1/4 

1740 

2490 

3990 

4880 

6480 

9480 

13500 

IJ^ 

2700 

4190 

5740 

7480 

9480 

14500 

20900 

2 

4980 

7380 

10700 

13900 

16900 

24900 

36900 

3 

13900 

22500 

30900 

37400 

50400 

74800 

105000 

4 

30900 

44800 

64800 

79700 

105000 

154000 

229000 

5 

54800 

79800 

120000 

144800 

195000 

294000 

418000 

6 

90000 

138000 

187000 

237000 

312000 

449000 



8 

190000 

277000 

404000 

508000 

660000 

938000 



10 

344000 

498000 

724000 

900000 

1190000 



„  __„. 

12 

555000 

798000 

1148000 

1499000 

1990000 





aSize  of  pipe  should  be  increased  if  it  carries  any  steam. 

In  laying  out  underground  conduits  the  following  points  should  be 
borne  in  mind : 

1.  The  depth  of  the  buried  conduit  should  be  kept  at  a  minimum.    Excavation  costs 
are  a  large  factor  in  the  total  cost. 

2.  An  expansion  joint,  offset,  or  bend  should  be  placed  between  each  two  anchors. 

3.  If  the  distance  between  buildings  is  150  ft  or  less  and  the  steam  line  contains  high- 
pressure  steam,  the  line  may  be  anchored  in  the  basement  of  one  building  and  allowed  to 
expand  into  the  basement  of  the  second  building.    If  the  steam  line  contains  low-pressure 
steam  (up  to  4-lb  pressure),  this  method  may  be  used  if  buildings  are  250  ft  or  less  apart. 

4.  If  the  distance  between  buildings  is  between  150  ft  and  300  ft  and  the  steam  Hne 
contains  high-pressure  steam,  the  lines  should  be  anchored  midway  between  the  buildings 
and  allowed  to  expand  into  the  basements  of  both  buildings.    If  the  steam  line  contains 
low-pressure  steam  this  method  may  be  used  if  buildings  are  between  250  ft  and  600  ft 
apart.    No  manhole  is  required  at  the  anchor,  and  a  blind  pit  is  all  that  is  necessary. 

5.  For  longer  lines,  manholes  must  be  located  according  to  experience,  physical  con- 
ditions and  the  expansion  value  of  the  type  of  expansion  joint  or  bend  that  is  used.  The 
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minimum  number  of  manholes  will  be  required  when  an  expansion  bend,  or  an  anchor 
with  double  expansion  joint,  is  placed  in  each  manhole  and  the  pipes  are  anchored  mid- 
way between  manholes. 

6.  A  proper  hydrostatic  test  should  be  made  on  the  assembled  line  before  the  insula- 
tion and  the  top  of  the  conduit  are  applied.  The  hydrostatic  test  pressure  should  be 
one  and  one-half  times  the  maximum  allowable  pressure  and  it  should  be  held  for  a 
period  of  at  least  two  hours  without  evidence  of  leakage.  In  any  case  the  pressure  should 
be  no  less  than  100  Ib  per  square  inch. 

There  are  many  types  of  conduits,  some  of  which  are  manufactured 
products  and  some  of  which  are  built  in  the  field.  The  styles  and  con- 
struction of  conduits  commonly  used  may  be  classified  as  follows.  Some 
of  the  more"  common  forms  are  illustrated  in  Fig.  1. 


Airspace 


(D) 


FIG.  1.    CONSTRUCTION  DETAILS  OF  CONDUITS  COMMONLY  USED 


Wood  Casing:  The  pipe  is  enclosed  in  a  cylindrical  casing  usually  having  a  wall  4  in. 
thick  and  built  of  segments  which  are  bound  together  by  a  wire  wrapped  spirally  around 
the  casing.  The  casing  is  lined  with  bright  tin  and  coated  with  asphaltum.  The  pipe  is 
supported  on  rollers  carried  in  a  bracket  which  fits  into  the  casing.  The  lengths  of 
casing  are  tightly  fitted  together  with  a  male  and  female  joint.  This  form  of  conduit  is 
illustrated  in  Fig.  1  at  A.  The  casing  rests  on  a  bed  of  crushed  stone  with  tile  drains  laid 
below.  The  tile  drains  are  of  4-in.  field  tile  or  vitrified  sewer  tile,  laid  with  open  joints. 

Filler  Type:  The  pipes  are  supported  on  expansion  rollers  properly  supported  from 
the  conduit  or  independent  masonry  base.  The  pipes  are  protected  by  a  split-tile  conduit, 
and  the  entire  space  between  the  pipes  and  the  tile  is  filled  with  an  insulating  filler.  Thus 
the  pipes  are  nested  and  the  insulation  between  them  and  the  tile  effectively  prevents 
circulation  of  air.  The  conduit  is  placed  on  a  bed  of  gravel  or  crushed  rock  from  4  to  6  in . 
thick,  which  is  extended  upward  so  as  to  come  about  2  in.  above  the  parting  lines  of  the 
tile.  A  tile  underdrain  is  placed  beneath  the  conduit  throughout  the  entire  length  and  is 
connected  to  sewers  or  to  some  other  point  of  free  discharge.  At  B  and  D  in  Fig.  1  are 
shown  two  forms  of  tile  conduit  of  the  filler  type. 

Circular  Tile  or  Cast-Iron  Conduit:  The  pipes  are  carried  on  expansion  rollers  sup- 
ported on  a  frame  which  rests  entirely  on  the  side  shoulders  of  the  base  drain  foundation. 
The  pipes  are  protected  by  a  sectional  tile  conduit,  scored  for  splitting,  or  a  cast-iron 
conduit,  both  being  of  the  bell  and  spigot  type.  The  conduit  has  a  longitudinal  side  joint 
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for  cementing,  after  the  upper  half  of  conduit  is  in  place,  so  shaped  that  the  cement  is 
keyed  in  place  while^  locking  the  top  and  bottom  half  of  the  conduit  together  with  a 
water-tight  vertical  side  joint.  The  cast-iron  conduit  has  special  side  locking  clamps  in 
addition  to  the  vertical  side  joint.  The  entire  space  between  the  conduit  and  the  pipes  is 
filled  with  a  water-proofed  asbestos  insulation.  The  conduit  is  supported  on  the  base 
drain  foundation,  each  section  resting  on  two  sections  of  the  base  drain,  thus  inter- 
locking. The  base  drain  is  so  shaped  that  it  provides  a  cradle  for  the  conduit,  resting 
solidly  on  the  trench  bottom  and  providing  adequate  drainage  area  immediately  under  the 
conduit.  The^underdrain  is  connected  to  sewers  or  some  other  point  of  free  discharge. 
For  tile  conduit  the  base  drain  is  vitrified  salt  glazed  tile  and  for  cast-iron  conduit  it  is 
either  extra  heavy  tile  or  cast-iron.  A  free  internal  drainage  area  is  also  provided  to  carry 
away  any  water  that  may  collect  on  the  inside  of  the  conduit  from  a  leaky  pipe  or  joint  in 
the  conduit.  Broken  stone  is  filled  in  around  the  base  drain  and  up  to  the  vertical  side 
joint.  ^  The  broken  stone  is  covered  with  an  asphalted  filter  cloth  to  prevent  sand 
from  sifting  through  the  broken  stone  and  clogging  the  drainage  area  of  the  base  drain. 
The  tile  conduit  is  made  in  2-ft  lengths  and  the  cast-iron  conduit  in  4-ft  lengths,  cast  in 
separate  top  and  bottom  halves.  Special  reinforcing  ribs  give  the  cast-iron  conduit  ample 
strength  with  minimum  weight. 

Insulated  Tile^  Type:  The  insulating  material,  dlatomaceous  earth,  is  molded  to  the 
Inside  of  the  sectional  tile  conduit.  The  space  between  the  pipes  and  the  insulating  con- 
duit lining  may  also  be  filled  with  insulation.  The  pipes  are  carried  on  expansion  rollers 
supported  on  a  frame  which  rests  on  the  side  shoulders  of  the  base  drain  foundation. 
This  type  of  conduit  has  the  same  mechanical  features  as  those  described  under  the 
heading  Circular  Tile  or  Cast-Iron  Conduit. 

Sectional  Insulation  Typs  (Tile  or  Cast-Iron):  Each  pipe  is  insulated  in  the  usual  way 
with  any  desired  type  of  sectional  pipe  insulation  over  which  is  placed  a  standard  water- 
proof jacket  with  cemented  joints.  The  pipes  are  enclosed  in  a  sectional  tile  or  cast-iron 
conduit  as  described  under  the  heading  Circular  Tile  or  Cast-iron  Conduit. 

Sectional  Insulation  Type  (Tile  or  Concrete  Trench}:  A  type  of  construction  frequently 
used  in  city  streets,  where  service  connections  are  required  at  frequent  intervals,  the 
pipes  are  insulated  as  described  in  the  preceding  paragraph,  and  are  enclosed  in  a  box 
or  trench  made  either  entirely  of  concrete,  or  with  concrete  bottom  and  specially  con- 
structed tile  sides  and  tops.  The  pipes  are  supported  on  roller  frames  secured  in  the 
concrete.  ^  At  C  and  E,  Fig.  1,  are  shown  two  tile  conduits  using  sectional  insulation.  In 
these  particular  designs  the  space  surrounding  the  pipe  is  filled  partially  or  wholly  with  a 
loose^  insulating  material.  The  use  of  loose  material  in  addition  to  the  sectional  insula- 
tion is,  of  course,  optional  and  is  only  justifiable  where  high  pressure  steam  is  used.  The 
conduit  shown  at  F  is  of  a  similar  type  and  has  the  advantage  of  being  made  entirely  of 
concrete  and  other  common  materials. 

Sectional  Insulation  Type  (Bituminized  Fibre  Conduit):  Each  pipe  is  individually 
insulated  and  encased  in  a  bituminized  fibre  conduit.  The  insulating  material  is  85 
per  cent  carbonate  of  magnesia  sectional  pipe  covering,  applied  in  the  usual  manner  as 
on  overhead  pipes,  except  that  bands  are  omitted.  After  every  fifth  section  of  magnesia 
covering  there  is  applied  a  short,  hollow  section  of  very  hard  asbestos  material  in  the 
bottom  portion  of  which  rests  a  grooved-iron  plate  carrying  ball-bearings  upon  which 
the  pipe  rides  when  expanding  or  contracting.  This  short  expansion  section  is  of  the 
same  ^outside  diameter  as  the  adjacent  85  per  cent  magnesia  covering.  Over  the  pipe 
covering  and  expansion  device  there  are  placed  two  layers  of  bituminized  fibre  conduit 
with  all  joints  staggered,  and  the  surface  of  each  conduit  is  finished  with  liquid  cement. 
Conduits  are  placed  on  a  bed  of  crushed  rock  or  gravel,  approximately  6  in.  deep,  and 
this  is  extended  upward  to  about  the  center  line  of  the  conduit  when  trench  is  backfilled. 
Underdrains  leading  to  points  of  free  discharge  are  placed  in  the  gravel  or  crushed 
rock  beds. 

Special  Water-Tight  Designs:  It  is  occasionally  necessary  to  install  pipes  in  a  very  wet 
ground,  which  calls  for  special  construction.  The  ordinary  tile  or  concrete  conduit  is  not 
absolutely  water  tight  even  when  laid  with  the  utmost  care.  The  conduit  shown  at  G, 
Fig.  1,  is  of  cast-iron  with  lead-calked  joints  and  is  water-tight  if  properly  laid.  It  is 
obviously  expensive  and  is  justified  only  in  exceptional  cases.  A  reasonably  satisfactory 
construction  in  wet  ground  is  the  concrete  or  tile  conduit  with  a  water-proof  jacket 
enclosing  the  pipe  and  its  insulation,  and  with  the  interior  of  the  conduit  carefully 
drained  to  a  manhole  or  sump  having  an  automatic  pump.  It  is  useless  to  install  external 
drain  tile  when  the  conduit  is  actually  submerged. 
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Heating  main__ 


Pipe  to  connect  into  steam  mam  not  less 
k  than  10  feet  from  reducing  valve,  if  possible 
J*^/3^ 
Service  valve 

FIG.  2.    CONNECTIONS  FOR  REDUCING  VALVES  OF  SIZE  LESS  THAN  4  IN. 


PIPE  TUNNELS 

Where  steam  heating  lines  are  installed  in  tunnels  large  enough  to 
provide  walking  space,  the  pipes  are  supported  by  means  of  hangers  or 
roller  frames  on  brackets  or  frame  racks  at  the  side  or  sides  of  the  tunnel. 
The  pipes  are  insulated  with  sectional  pipe  insulation  over  which  is 
placed  a  sewed-on,  painted  canvas  jacket  or  a  jacket  of  asphalt-saturated 
asbestos  water-proofing  felt.  The  tunnel  itself  is  usually  built  of  concrete 
or  brick  and  water-proofed  on  the  outside  with  membrane  water-proofing. 

On  account  of  their  relatively  high  first  cost  as  compared  with  smaller 
conduits,  walking  tunnels  are  sometimes  not  installed  where  provision  for 
the  heating  lines  is  the  only  consideration,  but  only  where  they  are  required 
to  accommodate  miscellaneous  other  services  or  provide  underground 
passage  between  buildings. 

OVERHEAD  DISTRIBUTION 

In  some  industrial  and  institutional  applications,  the  distribution 
piping  may  be  installed,  entirely  or  in  part,  above  ground.  This  method 
of  construction  has  the  advantage  of  requiring  no  excavation  and  being 
easily  maintained. 


Heating  mam 


Bypass  val 


•Valve 


Service  valve 


Balance  pipe 

Pipe  to  connect  into  steam  mam  not  less 
than  10  feet  from  reducing  valve,  if  possible 


FIG.  3.    CONNECTIONS  FOR  REDUCING  VALVES  OF  SIZE  4  IN.  AND 
LARGER,  AND  FOR  EXPANDED  VALVES 
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Pressure  reducing  valve 

"1     Cbstomer's 
j       pressure 
•v               reducing  valve 

Serv.ce  valve    /JjOfilll      BI                                                               1; 

Customer's  work 
starts  here 


Note.-  All  valves,  fittings,  and  traps  up  to 
and  including  customer's  control 

valve  to  be  at  least  equal  to 
American  Standard  175  Ib  S.  S.P. 
Pipe  to  be  standard  weight 


Heating  mam 


Continuous-flow  type 
float  trap 


FIG.  4.    STEAM  SUPPLY  CONNECTION  WHEN  USING  Two  REDUCING  VALVES 

INSIDE  PIPING 

Figs.  2  and  3  show  typical  service  connections  used  for  low  pressure 
steam  service.  As  shown  in  Fig.  2,  no  by-pass  is  used  around  the  reducing 
valve  on  sizes  less  than  4  in.  Fig.  3  illustrates  the  use  of  a  by-pass  around 
reducing  valves  4  in.  and  larger.  This  latter  construction  permits  the 
operation  of  the  line  in  case  of  failure  in  the  reducing  valve.  In  the  smaller 
sizes,  the  reducing  valve  can  be  removed,  a  filler  installed,  and  the  house 
valve  used  to  throttle  the  flow  of  steam  until  repairs  are  made. 

Fig.  4  shows  a  typical  installation  used  for  high  pressure  steam  service. 
The  first  reducing  valve  effects  the  initial  pressure  reduction.  The 
second  reducing  valve  reduces  the  steam  pressure  to  that  required. 

Most  district  heating  companies  enforce  certain  regulations  regarding 
the  consumer's  installation,  partly  to  safeguard  their  own  interests  but 
principally  to  insure  satisfactory  and  economical  service  to  the  consumer. 
There  are  certain  fundamental  principles  that  should  be  followed  in  the 
design  of  a  building  heating  system  which  is  to  be  supplied  from  street 
mains.  Although  some  of  these  apply  to  any  building,  they  have  been 
demonstrated  to  be  especially  important  when  steam  is  purchased. 


Return  mam 


Condensation  meter 
and  manifold  casting 


Vent' 


i- — Carry  full  size  to  sewer 
-Gas  seal 

FIG.  5.    RETURN  PIPING  FOR  CONDENSATION  METER 
313 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


UIEUJ  ;99jjs  ujojj  aoiAja$_ 
314 


CHAPTER  16.    DISTRICT  HEATING 


1.  Provision  should  be  made  for  conveniently  shutting  off  the  steam  supply  at  night  and  at 
other  times  when  heat  is  not  needed. 

It  has  been  thoroughly  demonstrated  that  a  considerable  amount  of  heat  can  be 
saved  by  shutting  off  steam  at  night.  Although  there  is,  in  some  cases,  an  increased 
consumption  of  heat  when  steam  is  again  turned  on  in  the  morning,  there  is  a  large^  net 
saving  which  may  be  explained  by  the  fact  that  the  lower  inside  temperature  maintained 
during  the  night  obviously  results  in  lower  heat  loss  from  the  building,  and  less  heat  need 
therefore  be  supplied. 

Steam  can  be  entirely  shut  off  at  night  in  most  buildings  even  in  very  cold  weather 
without  endangering  plumbing.  It  is  necessary,  however,  to  have  an  ample  amount  of 
heating  surface  so  that  the  building  can  be  quickly  warmed  in  the  morning.  Where  the 
hours  of  occupancy  differ  in  various  parts  of  the  building,  it  is  good  practice  to  install 
separate  supply  pipes  to  the  different  parts.  For  example,  in  an  office  building  with 
stores  or  restaurants  on  the  first  floor  which  are  open  in  the  evening,  a  separate  main 
supplying  the  first  floor  will  permit  the  steam  to  be  shut  off  from  the  remainder  of  the 
building  in  the  late  afternoon.  The  division  of  the  building  into  zones  each  with  a 
separately  controlled  heat  supply  is  sometimes  desirable,  as  it  permits  the  heat  to  be 
adjusted  according  to  variations  in  sunshine  and  wind. 

2.  Residual  heat  in  the  condensate  should  be  salvaged. 

This  heat  may  be  salvaged  by  means  of  a  cooling  coil,  or  as  is  more  frequently  done, 
by  a  water  heating  economizer  (see  Fig.  5)  which  preheats  the  hot  water  supply  to  the 
building.  Fig.  6  shows  a  typical  steam  service  installation  for  high  pressure  steam, 
complete  for  steam  flow  metering,  water  heating,  preheating,  automatic  heating  control, 
and  for  using  steam  for  other  purposes. 

The  condensation  from  the  heating  system,  after  leaving  the  trap,  passes  through  the 
economizer.  The  supply  to  the  hot  water  heater  passes  through  the  economizer,  ab- 
sorbing heat  from  the  condensate.  If  the  hot  water  system  in  the  building  is  of  the 
recirculating  type,  the  recirculating  connection  should  be  tied  in  between  the  economizer 
and  the  water  neater  proper,  not  at  the  economizer  inlet,  because  the  recirculated  hot 
water  is  itself  at  a  high  temperature.  The  number  of  square  feet  of  heating  surface  in  the 
economizer  should  be  approximately  equal  to  one  per  cent  of  the  equivalent  square  feet 
of  heating  surface  in  the  building. 

Because  of  the  lack  of  coincidence  between  the  heating  system  load  and  the  hot  water 
demand,  a  greater  amount  of  heat  can  be  extracted  from  the  condensate  if  storage  capa- 
city is  provided  for  the  preheated  water.  Frequently  a  type  of  economizer  is  used  in 
which  the  coils  are  submerged  in  a  storage  tank. 

S.  Heat  supply  should  be  graduated  according  to  variations  in  the  outside  temperature. 

This  may  be  done  in  several  ways,  as  by  the  use  of  temperature  controls  of  various 
types  or  by  orifice  systems.  Another  method  which  is  very  simple  is  the  use  of  an  ordi- 
nary vacuum  return  line  system  in  which  the  pressure  in  the  radiators  is  varied  between 
a  high  vacuum  and  a  few  pounds  pressure,  thus  producing  some  control  over  the  heat 
output  of  the  heating  system  by  varying  the  temperature  of  the  stean^in  the  radiators. 
Several  proprietary  systems  are  on  the  market  which  accomplish  this  automatically, 
either  with  outdoor  or  indoor  controls  or  a  combination  of  both.  One  form  of  control 
which  appears  to  be  well  suited  for  controlling  district  steam  service  to  a  building  is 
the  weather  compensating  control.  It  regulates  the  steam  supply  automatically  ac- 
cording to  the  outdoor  temperature,  and  gives  frequent  short  intervals  of  intermittent 
steam  supply,  and  at  the  same  time  insures  delivery  of  steam  to  all  the  radiators.  This 
type  of  control  can  be  equipped  with  time  clocks  and  thermostats  to  provide  a  warming- 
up  period  in  the  morning. 

Another  form  of  regulation,  known  as  the  time-limit  control,  is  sometimes  employed 
for  regulating  the  steam  supply  from  the  central  station  main  to  the  building.  Such  a 
control  provides  an  intermittent  supply  of  steam  to  the  radiators  either  throughout  the 
24  hours  of  the  day  or  during  the  daytime  hours  only.  The  setting  of  a  switch  may 
provide  no  service,  continuous  service,  or  periodic  service.  For  the  latter,  by  means  of 
several  intermittent  settings,  steam  will  be  supplied  during  each  period  in  increments  of  a 
certain  number  of  minutes  for  each  successive  setting  of  the  switch,  steam  being  shut  off 
during  the  balance  of  the  period.  These  settings  afford  from  15  to  80  per  cent  of  the 
maximum  heating  effect  required  on  days  of  zero  temperature.  A  night  switch  with  a 
variety  of  settings  may  be  adjusted  so  as  to  maintain  throughout  the  night  the  inter- 
mittent supply  called  for  by  the  day  switch  setting,  or  may  be  set  to  interrupt  the  opera- 
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tion  of  the  day  switch  and  entirely  cut  off  the  supply  of  steam  to  the  radiation  at  night 
during  certain  hours  which  are  selected  by  the  operating  engineer. 

The  maximum  in  economical  operation  and  satisfactory  heating  can  only  be  obtained 
by  the  use  of  some  automatic  temperature  control  system. 

FLUID  METERS 

The  perfection  of  fluid  meters  has  contributed  more  to  the  advance- 
ment of  district  heating  than  any  other  one  thing.  These  meters  may  be 
classified  as  follows: 

1.  Positive  Meters:  The  fluid  passes  in  successive  isolated  quantities — either  weights 
or  volumes.    These  quantities  are  separated  from  the  steam  and  isolated  by  alternately 
filling  and  emptying  containers  of  known  capacity. 

2.  Differential  Meters:  In  the  differential  meter,  the  quantity  of  flow  is  not  determined 
by  simple  counting,  as  with  the  positive  meter,  but  is  determined  from  the^action  of  the 
steam  on  the  primary  element. 

Additional  sub-divisions  of  these  two  general  classifications  can  be  made 
as  follows : 

Weighers 
Tilting  trap 


Fluid 
Meters 


Positive  -  Quantity 

Weighing              < 
Volumetric           < 

Quantity  -  Current  -  Turbine 

ferential     < 

Head                     I 
(Kinetic) 

Rate  of 

flow 

I 

Area                     / 
(Geometric)      \ 

Head  area            / 
(Weir)               \ 

Rotary 
Bellows 


Venturi 
Flow  nozzle 
Orifice 
Pitot  tube 

Orifice  and  plug 
Cylinder  and  piston 

V-notch 
Special  notch 

In  selecting  a  meter  for  a  particular  installation,  the  number  of  different 
makes  and  types  of  meters  suitable  for  the  job  is  usually  limited  by 
one  or  more  of  the  following  considerations: 

J.  Its  use  in  a  new  or  an  old  installation. 

2.  Method  to  be  used  in  charging  for  the  service. 

3.  Location  of  the  meter. 

4.  Large  or  small  quantity  to  be  measured. 

5.  Temporary  or  permanent  installation. 

6.  Cleanliness  of  the  fluid  to  be  measured. 

7.  Temperature  of  the  fluid  to  be  measured. 

8.  Accuracy  expected. 

9.  Nature  of  flow:  turbulent,  pulsating,  or  steady. 

10.  Cost. 

(a)  Purchase  price. 
(&)   Installation  cost. 

(c)  Calibration  cost. 

(d)  Maintenance  cost. 

11.  Servicing  facilities  of  the  manufacturer. 

12.  Pressure  at  which  fluid  is  to  be  metered. 

13.  Type  of  record  desired  as  to  indicating,  recording  or  totalizing. 

14.  Stocking  of  repair  parts. 
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15.  Use  of  open  jets  where  steam  is  to  be  metered. 

16.  Metering  to  be  done  by  one  meter  or  by  a  combination  of  meters. 

17.  Use  as  a  check  meter. 

18.  Its  facilities  for  determining  or  recording  information  other  than  flow. 

Condensation  Meters 

The  majority  of  the  meters  used  by  district  heating  companies  in  the 
sale  of  steam  to  their  customers  are  condensation  meters. 

The  condensation  meter  is  a  popular  type  for  use  on  small  and  medium 
sized  installations,  where  all  of  the  condensate  can  be  brought  to  a  com- 
mon point  for  metering  purposes.  Its  simplicity  of  design,  ease  in  testing, 
accuracy  at  all  loads,  low  cost,  and  adaptability  to  low  pressure  distri- 
bution has  made  it  standard  equipment  with  many  heating  companies. 

Two  types  of  condensation  meters  are  in  general  use:  the  tilting  bucket 
meter  and  the  revolving  drum  or  rotor  meter  of  which  there  are  several 
makes  on  the  market.  Condensation  meters  should  not  be  operated  under 


Constant  flow  trap 


FIG.  7.  GRAVITY  INSTALLATION  FOR  CONDENSATION  METER 
USING  VENTED  RECEIVERS 

pressure;  they  are  made  for  either  gravity  or  vacuum  installation.  Con- 
tinuous flow  traps  are  necessary  ahead  of  the  meter  if  a  vented  receiver  is 
not  used.  Where  bucket  traps  are  used,  a  vented  receiver  before  the 
meter  is  essential.  If  desirable  a  receiver  may  be  used  with  a  continuous 
flow  trap,  but  this  is  not  necessary. 

Fig.  7  illustrates  a  gravity  installation  using  a  vented  receiver  ahead  of 
the  meter,  while  Fig.  8  shows  a  vacuum  installation  without  a  master  trap. 

Flow  Meters 

Steam  flow  meters  are  available  in  many  types  and  combinations.  The 
orifice  and  plug  meter  is  one  in  which  the  steam  flow  varies  directly  as  the 
area  of  the  orifice.  The  vertical  lift  of  the  plug,  which  is  proportional  to 
the  flow,  is  transmitted  by  means  of  a  lever  to  an  indicator  and  to  a  pencil 
arm  which  records  the  flow  on  a  strip  chart.  The  total  flow  over  a  given 
period  is  obtained  by  measuring  the  area  by  using  a  planimeter  on  the 
chart  and  applying  the  meter  constant. 

Fig.  9  shows  a  typical  orifice-type  meter  connection  and  indicates 
typical  requirements  in  the  installation  of  this  type  of  meter. 
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Flow  meters  using  an  orifice,  Venturi  tube,  flow  nozzle,  or  Pitot  tube 
as  the  primary  device  are  made  by  a  number  of  manufacturers  and  can 
be  obtained  in  either  the  mechanically  or  electrically  operated  type.  The 
electric  flow  meter  makes  it  possible  to  locate  the  instruments  at  some 
distance  from  the  primary  element. 

Flow  meters  employing  the  orifice,  Venturi  tube,  flow  nozzle  or  Pitot 
tube  should  be  so  selected  as  to  keep  the  lower  operating  range  of  the 
load  above  20  per  cent  of  the  capacity  of  the  meter.  This  is  desirable  for 
accuracy  as  the  differential  pressure  at  light  loads  is  too  small  to  properly 
actuate  the  meter.  A  few  general  points  to  be  considered  in  installing  a 
meter  of  this  type  are: 

1.  It  is  desirable  to  place  the  differential  medium  in  a  horizontal  pipe  in  preference 
to  a  vertical  one,  where  either  location  is  available. 


by-pass 


-To  vacuum  pump 

FIG.  8.  VACUUM  CONDENSATION  METER  INSTALLATION  WITHOUT  MASTER  TRAP 

2.  Reservoirs  should  always  be  on  the  same  level  and  installed  in  accordance  with  the 
instructions  of  the  meter  company. 

3.  The  meter  body  should  be  placed  at  a  lower  level  than  that  of  the  pressure  differ- 
ential medium.  Special  instructions  are  furnished  where  the  meter  body  is  above. 

4.  Meter  piping  should  be  kept  free  from  leaks. 

5.  Sludge  should  not  be  permitted  to  collect  in  the  meter  body. 

6.  The  meter  body  and  meter  piping  should  be  kept  above  freezing  temperatures. 

7.  It  is  best  not  to  connect  a  meter  body  t'o  more  than  one  service. 

8.  Special  instructions  are  furnished  for  metering  a  turbulent  or  pulsating  flow. 

STEAM  REQUIREMENTS 

Steam  requirements  for  heating  various  types  of  buildings  are  given  in 
Chapter  10. 
Steam  requirements  for  water  heating  can  be  satisfactorily  estimated 
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by  using  a  consumption  of  0.0025  Ib  per  day  per  cubic  foot  of  heated  space 
for  office  buildings,  and  0.0065  Ib  per  day  per  cubic  foot  for  apartment 
houses. 

Additional  data  on  steam  requirements  of  various  types  of  buildings  in 
a  number  of  cities  may  be  found  in  the  Handbook  of  the  National  District 
Heating  A  ssociation. 

RATES 

Fundamentally,  district  heating  rates  are  based  upon  the  same  princi- 
ples as  those  recognized  in  the  electric  light  and  power  industry,  the  main 
object  being  a  reasonable  return  on  the  investment.  However,  there  are 


INSTALLATION    OF  THIS   REDUONC 
V6W.VE  WILL  DEPEND  UPON  STREET 
PRESSURES  AMD  LOCAL  CONDITIONS 


FIG.  9.    ORIFICE  METER  STEAM  SUPPLY  CONNECTION 


other  requirements  to  be  met;  the  rate  for  each  class  of  service  should  be 
based  upon  the  cost  to  the  utility  company  of  the  service  supplied  and 
upon  the  value  of  the  service  to  the  consumer,  and  it  must  be  between 
these  two  limits.  District  heating  rates  should  be  designed  to  produce  a 
sufficient  return  on  the  investment  regardless  of  weather  conditions, 
although  existing  rate  schedules  do  not  conform  with  this  principle. 
Lastly,  the  rate  schedule  must  be  reasonably  easy  for  the  intelligent  lay- 
man to  comprehend. 

Depreciation  should  be  based  on  a  careful  estimate  of  the  life  of  various 
elements  of  the  property.  Appropriations  to  reserves  should  be  made, 
with  generosity  in  good  years  and  with  discretion  in  less  favorable  years. 

Glossary  of  Terms 

Load  Factor.    The  ratio,  in  per  cent,  of  the  average  hourly  load  to  the 
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maximum  hourly  load.  This  is  usually  based  on  a  one  year  period  but 
may  be  applied  to  any  specified  period. 

Demand  Factor.  The  relation  between  the  connected  radiator  surface 
or  required  radiator  surface  and  the  demand  of  the  particular  installation. 
It  varies  from  0.25  to  0.3  Ib  per  hour  per  square  foot  of  surface. 

Diversity  Factor.  The  ratio  of  the  sum  of  the  individual  demands  of  a 
number  of  buildings  to  the  actual  composite  demand  of  the  group. 

Types  of  Rates 

A.  Flat  Rates. 

1.  Radiator  surface  charge.    Obsolescent. 

B.  Meter  Rates. 

1.  Straight-line. 

2.  Step.    Obsolescent. 

3.  Block. 

(a)  Class  rates. 

C.  Demand  Rates. 

1.  Flat  demand. 

2.  Wright. 

3.  Hopkinson. 

4.  Doherty  (or  Three  charge) 

Straight-Line  Meter  Rate.  The  price  charged  per  unit  is  constant,  and  the  consumer 
pays  in  direct  proportion  to  his  consumption  without  regard  to  the  difference  in  costs  of 
supplying  the  individual  customers. 

Block  Meter  Rate.  The  pounds  of  steam  consumed  by  a  customer  are  divided  into 
blocks  of  thousands  of  pounds  each,  and  lower  rates  are  charged  for  each  successive 
block  consumed.  This  type  of  charge  predominates  in  steam  heating  rate  schedules  for 
it  has  the  advantage  of  proportioning  the  bill  according  to  the  consumption  and  the  cost 
of  service.  It  has  the  disadvantage  of  not  discriminating  between  customers  having  a 
high  load  factor  (relatively  low  demand)  and  those  having  a  low  load  factor  (relatively 
high  demand).  The  utility  company  must  maintain  sufficient  capacity  to  serve  the 
high  demand  customers  and  the  cost  of  the  increased  plant  investment  is  divided  equally 
among  the  users,  so  the  high  demand  customers  are  benefitted  at  the  expense  of  the 
others. 

Demand  Rates.  _  These  refer  to  any  method  of  charge  based  on  a  measured  maximum 
load  during  a  specified  period  of  time. 

The  flat  demand  rate  is  _  usually  expressed  in  dollars  per  M  Ib  of  demand  per 
month  or  per  annum.  It  is  based  on  the  size  of  a  customer's  installation,  and  is 
seldom  used  except  where  a  flow  meter  is  not  practicable. 

The  Wright  demand  rate  is  similar  in  calculation  to  the  block  rate  except  that  it  is 
expressed  in  terms  of  hours'  use  of  the  maximum  demand.  It  is  seldom  used  but 
forms  the  basis  for  other  forms  of  rates. 

The  Hopkinson  demand  rate  is  divided  into  two  elements: 

(a)  A  charge  based  upon  the  demand,  either  estimated  or  measured. 
(6)  A  charge  based  upon  the  amount  of  steam  consumed. 

This  rate  may  be  modified  by  dividing  the  quantities  of  steam  demanded  and 
consumed  into  blocks  charged  for  at  different  rates. 

The  Doherty  rate  is  divided  into  three  elements: 

(a)  A  charge  based  upon  demand. 

(b)  A  charge  based  upon  steam  consumed. 

(c)  A  customer  charge. 

In  the  Hopkinson  rate,  the  last  two  elements  are  combined  into  one  element. 

Demand  rates  are  comparatively  new  and  are  not  yet  widely  used;  though  they  are 

equitable  and  competitive  they  are  difficult  for  the  average  layman  to  understand. 
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They  are  of  benefit  to  utility  companies  and  to  consumers  because  the  investment  and 
operating  costs  can  be  divided  to  suit  the  particular  circumstances  into  demand,  cus- 
tomer, and  consumption  groups  through  the  use  of  some  modification  of  the  Hopkinson 
rate.  Demand  rates  are  an  advantage  to  the  customer  in  that  the  use  of  such  a  rate 
reduces  the  rate  per  thousand  pounds  to  the  long-hour  user. 

Fuel  Pries  Surcharge.  It  is  usually  desirable  to  establish  a  rate  upon  a  specified  basic 
cost  of  fuel  to  the  utility  company.  Where  there  are  wide  variations  in  the  price  of  fuel, 
it  is  also  ^  desirable  to  add  a  definite  charge  per  M  Ib  of  steam  sold  for  each  increment  of 
increase  in  the  price  of  fuel.  This  surcharge  automatically  compensates  for  the  variations 
without  necessitating  frequent  changing  of  the  whole  rate  structure. 

UTILIZATION 

Considerable  savings  can  be  made  by  the  proper  and  intelligent  oper- 
ation of  heating  systems.  It  should  be  borne  in  mind  that  a  heating 
system  is  designed  to  heat  a  building  to  70  F  inside  when  the  outside 
temperature  is  at  its  lowest  point  for  that  particular  locality.  There  is  a 
tendency  to  overheat  the  building  at  any  time  the  outside  temperature  is 
above  the  design  temperature  unless  some  method  of  regulation  is  used, 
either  automatic  or  manual. 

The  general  rules  for  economical  operation  are  as  follows: 

1.  Weatherstrip  all  windows,  and  calk  all  window  frames. 

2.  ^  Provide  revolving  or  vestibule  doors  on  all  entrances.     Separate  shipping  and 
receiving  rooms  by  partitions  so  that  the  ever-open  large"  doors  will  not  ventilate  the 
entire  building. 

3.  Keep  the  radiation  near  the  outside  walls,  under  the  windows,  if  possible. 

4.  Eliminate  all  unnecessary  ventilation.    Ventilating  equipment  is  sized  to  meet 
extreme  requirements.    Do  not  supply  ventilation  to  a  theater  or  auditorium  adequate 
for  an  audience  of  2000  when  there  are  only  200  present. 

5.  Determine  the  hours  that  heating  is  required  during  the  day  and  see  that  the 
steam  is  shut  off  for  the  maximum  time  at  night,  on  Sundays,  and  holidays. 

6.  Shut  steam  off  entirely  in  unoccupied  sections  of  the  building,  taking  care  to 
avoid  freezing  the  water  in  the  plumbing  system. 

7.  Shut  off  steam  during  the  day  whenever  possible.    During  the  year  steam  can  be 
shut  off  about  55  per  cent  of  the  total  daytime,  and  the  saving  is  proportional.    An  auto- 
matic control  will  do  it,  but  it  can  be  done  by  hand  with  amazingly  good  results. 

8.  Determine  the  temperature  required  for  the  occupancy  of  the  building.    Do  not 
heat  a  storage  garage  or  a  furniture  warehouse  to  the  temperature  required  in  a  hospital 
ward. 

9.  Provide  some  good  means  of  temperature  control. 

10.  In  a  hot  water  heating  system  keep  the  temperature  of  the  water  down  to  corre- 
spond with  existing  outdoor  temperatures. 

11.  In  a  vacuum  system  maintain  a  high  vacuum.    If  this  is  not  possible,  locate  and 
eliminate  all  leaks. 

12.  Install  separate  lines  for  those  parts  of  the  building  that  require  long-hour  or 
all-night  heating.    It  is  much  cheaper  than  heating  the  entire  building  all  night. 

13.  See  that  the  entire  system  responds  rapidly  when  steam  is  turned  on.    Locate  and 
eliminate  the  cause  of  any  sluggish  circulation.    Balance  the  radiation,  provide  adequate 
air  elimination,  and  correct  any  trapped  run-outs  to  provide  quick  system  drainage. 

14.  Keep  the  system  in  good  repair.    Worn,  damaged,  or  defective  valves  and  traps 
will  not  function  properly. 

15.  Insulate  all  steam  pipes  not  used  as  heating  surface. 

16.  Do  not  obstruct  radiators  or  prevent  the  free  circulation  of  air  around  them;  to  do 
so  seriously  reduces  the  heating  capacity  of  a  radiator. 

17.  Extract  the  heat  in  the  condensate  for  hot  water  or  some  other  useful  purpose. 

18.  Provide  thermometers  and  recording  pressure  gages  so  that  the  engineer  can 
operate  the  system  with  full  knowledge  of  what  he  is  accomplishing. 
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19.  Make  all  valves  and  controls  convenient  and  accessible,  either  direct  or  through 
remote  control.    It  is  only  human  nature  to  delay  and  avoid  doing  that  which  is  incon- 
venient. 

20.  Keep  a  daily  record  consistently,  based  on  weather  requirements,  and  watch  it 
every  day. 

21.  Control  the  heat  supplied  to  water  tanks  located  on  or  above  the  roof.    Such 
tanks  require  heat  to  prevent  freezing,    No  heat  is  required  when  the  temperature  in  the 
tank  is  above  32  F. 

22.  Investigate  every  complaint  of  no  heat  by  tenants;  find  the  cause  and  correct  it. 
Do  not  overheat  an  entire  building  to  correct  a  local  condition  in  one  room. 

AUTOMATIC  TEMPERATURE  CONTROL 

As  stated  in  Chapter  33,  Automatic  Control,  properly  applied  to  heating, 
ventilating  and  air  conditioning  systems  makes  possible  the  maintenance 
of  desired  conditions  with  maximum  operating  economy. 

In  addition  to  the  large  possibilities  for  economy,  the  use  of  adequate 
temperature  control  provides  more  healthful,  comfortable,  and  efficient 
working  conditions  in  the  buildings  because  through  its  use  the  building 
is  uniformly  heated  with  correct  temperatures,  and  drafts  from  open 
windows  and  overheating  are  eliminated. 

There  are  many  types  of  temperature  control  available,  each  adaptable 
to  a  particular  type  of  building,  but  all  require  uniform  distribution  of 
steam  and  proper  venting. 

Before  the  installation  of  any  type  of  modern  temperature  control 
equipment,  it  is  necessary  to  see  that  the  heating  system  is  put  in  good 
operating  condition.  In  general,  the  heating  system  in  a  building  is  not 
given  the  attention  that  other  mechanical  equipment  is  given  because  it 
will  continue  to  function,  after  a  fashion,  even  though  changes  in  piping, 
location  of  radiation,  settlement  of  piping,  and  the  normal  wear  and  tear 
or  other  changes  have  taken  place.  Through  all  this  depreciation  of  the 
system,  it  becomes  more  and  more  costly  to  operate  and  parts  of  the 
building  have  to  be  greatly  overheated  in  order  to  prevent  underheating 
in  a  small  section  of  the  building.  Vents,  traps,  vacuum  pumps,  and 
valves  should  be  given  a  careful  inspection  and  replaced  or  repaired  if 
required.  The  piping  should  be  of  adequate  size  and  graded  properly. 
The  return  piping  should  have  a  careful  inspection,  and  any  pockets  or 
lifts  removed  and  properly  vented.  These  inspections  and  repairs  are 
not  costly  and  prevent  a  much  greater  outlay  in  future  years.  In  most 
cities  district  heating  companies  will  be  willing  to  make  a  survey  of  heating 
systems  and  offer  recommendations  as  to  operation  and  changes  in  piping 
layout. 

The  selection  of  control  equipment  depends  upon  the  type  and  size  of 
building  and  the  degree  of  saving  possible. 
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Chapter  17 

PIPE,  FITTINGS,  WELDING 

Pipe  Materials  Types  of  Pipe  Used,  Dimensions  of  Pipe  Com- 
mercially Available,  Expansion  and  Flexibility  of  Pipe,  Pipe 
Threads  and  Hangers,  Types  of  Fittings,  Welding  as  Applied 
to  Erection  of  Piping,   Valves,  Corrosion  of  Piping 

TM  PORT  ANT  considerations  in  the  selection  and  installation  of  pipe 
A  and  ^fittings  for  heating,  ventilating,  and  air  conditioning  work  are 
dealt  with  in  this  chapter. 

PIPE  MATERIALS 

Use  of  corrosion-resistant  materials  for  pipe,  including  special  alloy 
steels  and  irons,  wrought  iron,  copper  and  brass,  has  increased  con- 
siderably during  the  past  few  years.  The  recent  development  of  copper, 
brass,  and  bronze  fittings  which  can  be  assembled  by  soldering  or  sweating 
permits  the  use  of  thin-wall  pipe  and  thereby  has  reduced  the  initial  cost 
of  such  installation.  The  following  brief  discussion  indicates  the  variety 
of  pipe  materials  and  the  types  of  pipe  available. 

Wrought-Steel  Pipe.  Because  of  its  low  price,  the  great  bulk  of  wrought 
pipe  used  for  heating  and  ventilating  work  at  the  present  time  is  of 
wrought  steel.  The  material  used  for  steel  pipe  is  a  mild  steel  made  by 
the  acid-bessemer,  the  open-hearth,  or  the  electric-furnace  process. 
Ordinary  wrought-steel  pipe  is  made  either  by  shaping  sheets  of  metal 
into  cylindrical  form  and  welding  the  edges  together,  or  by  forming  or 
drawing  from  a  solid  billet.  The  former  is  known  as  welded  pipe,  the 
latter  as  seamless  pipe. 

Many  types  of  welded  pipe  are  available,  although  the  smaller  sizes 
most  frequently  used  in  heating  and  ventilating  work  are  made  by  the 
lap-weld,  resistance-weld,  or  butt-weld  process.  While  the  lap-weld  and 
resistance-weld  processes  produce  a  better  weld  than  the  butt  type, 
lap-weld  and  resistance-weld  pipe  is  seldom  manufactured  in  nominal 
pipe  sizes  less  than  2  in.  Seamless  pipe  can  be  obtained  in  the  small 
sizes  at  a  somewhat  higher  cost. 

Seamless  steel  pipe  is  frequently  used  for  high  pressure  work  or  where 
pipe  is  desired  for  close  coiling,  cold  bending,  or  other  forming  operation. 
Its  advantages  are  its  somewhat  greater  strength  which  permits  use  of  a 
thinner  wall  and,  in  the  small  sizes,  its  freedom  from  the  occasional 
tendency  of  welded  pipe  to  split  at  the  weld  when  bent. 

Wrought-Iron  Pipe.  Wrought-iron  pipe  is  claimed  to  be  more  corro- 
sion-resisting than  ordinary  steel  pipe  and  therefore  its  somewhat  higher 

323 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

first  cost  is  said  to  be  justified  on  the  basis  of  longer  life  expectancy. 
Wrought-iron  pipe  may  be  identified  by  the  spiral  line  marked  into  each 
length,  either  knurled  into  the  metal  or  painted  on  it  in  red  or  other 
bright  color.  Otherwise,  there  is  little  difference  in  the  appearance  of 
wrought  iron  and  steel  pipe,  although  microscopic  examination  of  polished 
and  etched  specimens  will  readily  disclose  the  difference. 

Cast  Ferrous  Pipe.  There  are  now  available  several  types  of  cast- 
ferrous  metal  pipe  made  of  a,  good  grade  of  cast-iron  with  or  without 
additions  of  nickel,  chromium,  or  other  alloy.  This  pipe  is  available  in 
sizes  from  1J/2  in.  to  6  in.,  and  in  standard  lengths  of  5  or  6  ft  with  external 
and  internal  diameters  closely  approximating  those  of  extra  strong 
wrought  pipe.  Cast  ferrous  pipe  may  be  obtained  coupled,  beveled  for 
welding,  or  with  ends  plain  or  grooved  for  the  several  types  of  couplings. 
It  is  easily  cut  and  threaded  as  well  as  welded.  The  fact  that  it  is  readily 
welded  enables  the  manufacturers  to  supply  the  pipe  in  any  lengths 
practicable  for  handling. 

Alloy  Metal  Pipe.  Steel  pipe  bearing  a  small  alloy  of  copper  or  other 
alloying  element  and  iron  pipe  bearing  a  small  alloy  of  copper  and  molyb- 
denum have  been  claimed  to  possess  more  resistance  to  corrosion  than 
plain  steel  pipe  and  they  are  advertised  and  sold  under  various  trade 
names. 

Copper  Pipe  and  Fittings.  Owing  to  its  inherent  resistance  to  cor- 
rosion, copper  and  brass  pipe  have  always  been  used  in  heating,  venti- 
lating, and  water  supply  installations,  but  the  cost  with  standard  dimen- 
sions for  threaded  connections  has  been  high.  The  recent  introduction 
of  fittings  which  permit  erection  by  soldering  or  sweating  allows  the  use 
of  pipe  with  thinner  walls  than  are  possible  with  threaded  connections, 
thereby  reducing  the  cost  of  installations. 

The  initial  cost  of  brass  and  copper  pipe  installations  generally  runs 
higher  than  the  corresponding  job  with  steel  pipe  and  screwed  connections 
in  spite  of  the  use  of  thin  wall  pipe,  but  the  corrosive  nature  of  the  fluid 
conveyed  or  the  inaccessibility  of  some  of  the  piping  may  warrant  use  of 
a  more  expensive  material  than  plain  steel.  The  advantages  of  corrosion- 
resisting  pipe  and  fittings  should  be  weighed  against  the  correspondingly 
higher  initial  cost. 

COMMERCIAL  PIPE  DIMENSIONS 

The  IPS  dimensions  of  commercial  pipe  universally  used  at  the  present 
time  conform  to  the  recommendations  made  by  a  Committee  of  the 
A.S.M.E.  in  1886.  Pipe  up  to  12  in.  in  diameter  is  made  in  certain 
definite  sizes  designated  by  nominal  internal  diameter  which  is  somewhat 
different  from  the  actual  internal  diameter,  depending  on  the  wall  thick- 
ness required.  There  are  three  weights  of  wrought  iron  and  steel  pipe 
commonly  used,  known  as  standard-weight,  extra-strong,  and  double  extra- 
strong.  Because  of  the  necessity  of  maintaining  the  same  external  dia- 
meter in  all  three  weights  for  the  same  nominal  size,  the  added  wall 
thickness  is  obtained  by  decreasing  the  internal  diameter.  The  term 
full-weight,  when  applied  to  sizes  below  8  in.,  means  that  the  pipe  is  up  to 
the  nominal  weight  per  foot.  When  applied  to  sizes  between  8  and  12  in., 
inclusive,  it  often  indicates  that  the  pipe  has  the  heaviest  of  several  wall 
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thicknesses  listed.    In  sizes  14  in.  and  upward,  pipe  is  designated  by  its 
outside  diameter  (O.D.)  and  the  wall  thickness  is  specified. 

While  the  demands  for  pipe  for  the  heating  and  ventilating  industry  are 
reasonably  well  served  by  the  standard-weight  and  extra-strong  pipe, 
demands  for  pipe  for  higher  pressures  and  temperatures  in  industry 
resulted  in  the  use  of  a  multiplicity  of  wall  thicknesses  for  all  sizes.  Even 
in  heating  installations,  the  erection  of  piping  by  welding  was  deemed  to 

TABLE  1.    DIMENSIONS  OF  WELDED  AND  SEAMLESS  STEEL  PIPE 


NOMINAL 
FIFE  SIZE 

OUTSIDE 
DIAM. 

NOMINAL  WALL  THICKNESSES  FOR  SCHEDULE  NUMBERS 

Schedule 
10 

Schedule 
20 

Schedule 
30 

Schedule 
40 

Schedule 
60 

Schedule 
SO 

Schedule 
100 

Schedule 

120 

Schedule 
140 

Schedule 
160 

i  4 
IK 

9* 

m 

3 

VA 

5 
6 
8 
10 
12 
14  O.  D. 
16  O.  D. 
18  O.  D. 
20  O.  D. 
24  O.  D. 
30  O.  D. 

0.405 
0.540 
0.675 
0.840 
1.050 
1.315 
1.660 
1.900 
2.375 
2.875 
3.500 
4.000 
4.500 
5.563 
6.625 
8.625 
10.75 
12.75 
14.0 
16.0 
18.0 
20.0 
24.0 
30.0 





0.068* 
0..088* 
0.091* 
0.109* 
0.113* 
0.133* 
0.140* 
0.145* 
0.154* 
0.203* 
0.216* 
0.226* 
0.237* 
0.258* 
0.280* 
0.322* 
0.365* 
0,406f 
0.437 
0.500 
0.562 
0.593 
0.687 



0.095* 
0.119* 
0.126* 
0.147* 
0.154* 
0.179* 
0.191* 
0.200* 
0.218* 
0.276* 
0.300* 
0.318* 
0.337* 
0.375* 
0.432* 
0.500* 
0.593 
0.687 
0.750 
0.843 
0.937 
1.031 
1.218 















0.187 
0.218 
0.250 
0.250 
0.281 
0.343 
0.375 























0.437 





0.437 
0.500 
0.562 
0.718 
0.843 
1.000 
1.062 
1.218 
1.343 
1.500 
1.750 



0.531 
0.625 
0.718 
0.906 
1.125 
1.312 
1.406 
1.562 
1.750 
1.937 
2.312 



0.250 
0.250 
0.250 
0.312 
0.312 
0.312 
0.375 
0.375 
0.500 

0.277* 
0.307* 
0.330* 
0.375 
0.375 
0.437 
0.500 
0.562 
0.625 

0.406 
0.500* 
0.562f 
0.593 
0.656 
0.718 
0.812 
0.937 

0.593 
0.718 
0.843 
0.937 
1.031 
1.156 
1.250 
1.500 

0.812 
1.000 
1.125 
1.250 
1.437 
1.562 
1.750 
2.062 

0.250 
0.250 
0.250 
0.250 
0:250 
0.312 

! 

All  dimensions  are  given  in  inches. 

The  decimal  thicknesses  listed  for  the  respective  pipe  sizes  represent  their  nominal  or  average  wall 
dimensions.  For  tolerances  on  wall  thicknesses,  see  appropriate  material  specification. 

*Thicknesses  marked  with  asterisk  in  Schedules  30  and  40  are  identical  with  thicknesses  for  standard- 
weight  pipe  in  former  lists;  those  in  Schedules  60  and  80  are  identical  with  thicknesses  for  extra-strong 
pipe  in  former  lists. 

The  Schedule  Numbers  indicate  approximate  values  of  the  expression  1000  x  P/S. 

tOwing  to  a  necessary  departure  from  the  old  standard-weight  and  extra-strong  thicknesses  in  these  two 
sizest  the  new  thicknesses  are  not  as  yet  stocked  by  all  manufacturers  and  jobbers,  thence,  where  agreeable 
to  the  purchaser  and  suitable  for  the  service  conditions,  the  old  standard-weight  0.375  in.  wall  pipe  corre- 
sponding to  a  1000  P/S  value  of  37.7  is  still  available  and  can  be  substituted  for  the  0.406  in.  wall,  and  the 
old  extra-strong  0.500  in.  wall  pipe  corresponding  to  a  1000  P/S  value  of  55  can  be  substituted  for  the  0.562 
in.  wall. 

warrant  the  use  of  pipe  lighter  than  standard  weight.  For  these  reasons, 
a  Sectional  Committee  on  Standardization  of  Wrought  Iron  and  Wrought 
Steel  Pipe  and  Tubing  functioning  under  the  procedure  of  the  American 
Standards  Association  was  appointed  to  standardize  the  dimensions  and 
materials  of  pipe. 

The  proposed  pipe  standard  recommended  by  that  sectional  committee 
has  set  up  several  schedules  of  pipe  including  standard-weight  and  extra- 
strong  thicknesses  which  are  now  included  in  Schedules  40  and  80,  re- 
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spectiyely.  The  schedules  approved  by  the  Sectional  Committee  are 
given  in  Tables  1  and  3  and  the  corresponding  weights  in  Tables  2  and  4. 
Standard-weight  pipe  is  generally  furnished  with  threaded  ends  in 
random  lengths  of  16  to  22  ft,  although  when  ordered  with  plain  ends, 
5  per  cent  may  be  in  lengths  of  12  to  16  ft.  Five  per  cent  of  the  total 
number  of  lengths  ordered  may  be  jointers  which  are  two  pieces  coupled 
together.  Extra-strong  pipe  is  generally  furnished  with  plain  ends  in 

TABLE  2.    NOMINAL  WEIGHTS  OF  WELDED  AND  SEAMLESS  STEEL  PIPE 


NOMINAL 

SCHBD. 

SCHBD. 

SCHEl 

3 

iULE 
) 

SCHBD 
4C 

OLD 

SCHBD. 

SCHBD. 

SCHED. 

SCHBD, 

SCHBD. 

SCHED. 

PIPE 
SIZE 

INCHES 

10 

PLAIN 
ENDS 

20 
PLAIN 
ENDS 

Plain 
Ends 

Threads 
and 
Coup- 
lines 

Plain 
Ends 

Threads 
and 
Coupr 
lings 

60 
PLAIN 

ENDS 

80 
PLAIN 
ENDS 

100 
PLAIN 

ENDS 

120 

PLAIN 
ENDS 

140 
PLAIN 

ENDS 

160 
PLAIN 
ENDS 

y 

0.25* 

0.25* 

0.32* 

y 

0  43* 

0.43* 

0.54* 

% 







0.57* 
0.86* 

1  14* 

0.57* 
0.86* 
1.14* 



0.74* 
1.09* 

1.48* 







Tai 

1.94 

1 

1.68* 

1.69* 

2.18* 

2.8i 

2.28* 

2,29* 

3.00* 

3.75 

JV/ 

2.72* 

2.74* 

3.64* 

4.8C 

2 

% 
3 







3.66* 
5.80* 
7.58* 

3.68* 
5.82* 
7.62* 



5.03* 
7.67* 
10.3* 







7.4! 
10.0 
14.3 

3H 

9.11* 

9.21* 

12.5* 

10.8* 

10.9* 

15.0* 

19.0 

22.6 

5 
6 









14.7* 
19.0* 

14.9* 
19.2* 



20.8* 
28.6* 



27.1 
36.4 

33.0 
45.3 

8 
10 
12 
14  0.  D. 
16  0.  D. 

Tel" 

42.1 

22.4 
28.1 
33,4 
45.7 
52.3 

24.7* 
34.3* 
43.8* 
54.6 
62.6 

25.0* 
35.0* 
45.0* 

28.6* 
40.5* 
53.6 
63.3 
82,8 

28.8* 
41,2* 
55.0 

35.7 
54,8* 
73.2 
85.0 
108,0 

43.4* 
64.4 
88.6 
107.0 
137.0 

50.9 
77.0 
108.0 
131.0 
165.0 

60.7 
89.2 
126.0 
147.0 
193.0 

67.8 
105.0 
140.0 
171.0 
224.0 

74.7 
116,0 
161.0 
190.0 
241.0 

180.  D. 
20  0.  D. 
240.  D. 
30  0.  D. 

47.4 
52.8 
63.5 
99,0 

59.0 
78.6 
94.7 
158.0 

82.0 
105.0 
141.0 
197.0 



105.0 
123.0 
171.0 



133.0 
167.0 
231.0 

171.0 
209,0 
297.0 

208.0 
251.0 
361.0 

239.0 
297.0 
416.0 

275.0 
342.0 
484.0 

304.0 
374,0 
536.0 

Weights  are  given  in  pounds  per  linear  foot  and  are  for  pipe  with  plain  ends  except  for  sizes  which  are 
commercially  available  with  threads  and  couplings  for  which  both  weights  are  listed. 

*The  weights  marked  with  asterisk  in  Schedules  30  and  40  are  identical  with  weights  for  standard-weight  pipe  in 
former  lists;  those  in  Schedules  60  and  80  are  identical  with  weights  for  extra-strong  pipe  in  former  lists. 

The  Schedule  Numbers  indicate  approximate  values  of  the  expression  1000  x  P/S. 


random  lengths  of  12  to  22  ft,  although  5  per  cent  may  be  in  lengths  of 
6  to  12  ft. 

.  In  addition  to  IPS  copper  pipe,  several  varieties  of  copper  tubing  are  in 
use  with  either  flared  or  compression  couplings  or  soldered  joints.  Dimen- 
sions of  copper  water  tubing  intended  for  plumbing,  underground  water 
service,  fuel-oil  lines,  gas  lines,  etc.,  have  been  standardized  by  the  U.  S. 
Government  and  the  American  Society  for  Testing  Materials.  There  are 
three  standard  wall-thickness  schedules  of  copper  water  tubing  classified 
in  accordance  with  their  principal  uses  as  follows: 
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Class  K — Designed  for  underground  services  and  general  plumbing  service. 
Class  L — Designed  for  general  plumbing  purposes. 
Class  M — Designed  for  use  with  soldered  fittings  only. 

In  general,  Type  K  is  used  where  corrosion  conditions  are  severe,  and 
Types  L  and  M  where  such  conditions  may  be  considered  normal  as,  for 
instance,  in  heating  work.  Types  K  and  L  are  available  in  both  hard  and 

TABLE  3.    DIMENSIONS  OF  WELDED  WROUGHT-IRON  PIPE 


NOMINAL 
PIPE 
SIZE 

OUTSIDE 

DlAMETEB 

NOMINAL  WALL  THICKNESSES  FOE  SCHEDULE  NUMBERS 

Schedule 
10 

Schedule 
20 

Schedule 
30 

Schedule 
40 

Schedule 
60 

Schedule 
30 

« 

IJi 

1H 

2 

2Y2 

3 
3H 
4 
5 
6 
8 
10 
12 
14  0.  D. 
16  O.  D. 
180.  D. 
20  0.  D. 

0.405 
0.540 
0.675 
0.840 
1.050 
1.315 
1.660 
1.900 
2.375 
2.875 
3.5 
4.0 
4.5 
5.563 
6.625 
8.625 
10.75 
12.75 
14.0 
16.0 
18.0 
20.0 







0.070* 
0.090* 
0.093* 
0.111* 
0.115* 
0.136* 
0.143* 
0.148* 
0.158* 
0.208* 
0.221* 
0.231* 
0.242* 
0.263* 
0.286* 
0.329* 
0.372* 
0.414f 
0.437 
0.500 
0.562 
0.562 



0.098* 
0.122* 
0.129* 
0.151* 
0.157* 
0.183* 
0.195* 
0.204* 
0.223* 
0.282* 
0.306* 
0.325* 
0.344* 
0.383* 
0.441* 
0.510* 
0.606 
0.702 
0.750 



















67250 
0.250 
0.250 

67312 
0.312 
0.312 
0.375 

57283* 
0.313* 
0.336* 
0.375 
0.375 
0.437 
0.500 

675io* 

0.574f 
0.625 
0.687 
0.750 

All  dimensions  are  given  in  inches. 

The  decimal  thicknesses  listed  for^he  respective  pipe  sizes  represent  their  nominal  or  average  wall 
dimensions.  For  tolerances  on  wall  thicknesses,  see  appropriate  material  specification. 

*Thicknesses  marked  with  an  asterisk  in  Schedules  30  and  40  are  identical  with  thicknesses  for  standard- 
weight  pipe  in  former  lists;  those  in  Schedules  60  and  SO  are  identical  with  thicknesses  for  extra-strong 
pipe  in  former  lists. 

The  Schedule  Numbers  indicate  approximate  values  of  the  expression  1000  x  P/S. 

tOwing  to  a  necessary  departure  from  the  old  standard-weight  and  extra-strong  thicknesses  in  these  two 
sizes,  the  new  thicknesses  are  not  as  yet  stocked  by  all  manufacturers  and  jobbers.  Hence,  where  agreeable 
to  the  purchaser  and  suitable  for  the  service  conditions,  the  old  standard-weight  0.3S2  in.  wall  pipe  corre- 
sponding to  a  1000  P/S  value  of  38.7  is  still  available  and  can  be  substituted  for  the  0.414  in.  wall  and  the 
old  extra-strong  0.510  in.  wall  pipe  corresponding  to  a  1000  P/S  value  of  56.3  can  be  substituted  for  the 
0.574  in.  wall. 

soft  tempers ;  Type  M  is  available  only  in  hard  temper.  Where  flexibility 
is  essential  as  in  hidden  replacement  work  or  where  as  few  joints  as  possible 
are  desired  as  in  fuel-oil  lines,  the  soft  temper  is  commonly  used.  New  or 
exposed  work  generally  employs  copper  pipe  of  a  hard  temper.  All  three 
classes  are  extensively  used  with  soldered  fittings. 

Standard  dimensions,  weights,  and  diameter  and  wall  thickness 
tolerances  for  these  classes  of  copper  tubing  are  given  in  Table  5.  Copper 
pipe  is  also  available  with  dimensions  of  steel  pipe. 

Refrigeration  lines  used  in  connection  with  air  conditioning  equipment 
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also  employ  copper  tubing  extensively.  For  refrigeration  use  where 
tubing  absolutely  free  from  scale  and  dirt  is  required,  bright  annealed 
copper  tubing  that  has  been  deoxidized  is  used.  This  tubing  is  available 
in  a  variety  of  sizes  and  wall  thicknesses. 

EXPANSION  AND  FLEXIBILITY 

The  increase  in  temperature  of  a  pipe  from  room  temperature  to  an 
operating  steam  or  water  temperature  100  F  or  more  above  room  tem- 
perature results  in  an  increase  in  length  of  the  pipe  for  which  provision 
must  be  made.  The  amount  of  linear  expansion  (or  contraction  in  the 

TABLE  4,    NOMINAL  WEIGHTS  OF  WELDED  WROUGHT-!RON  PIPE 


NOMINAL 
PIPE 

SIZE 
(INCHES) 

SCHED. 
10 

SCHED. 
20 

SCHEDULE 
30 

SCHEDULE 
40 

SCHEDULE 
60 

SCHEDULE 
80 

Plain 
Ends 

Plain 

Ends 

Plain 
Ends 

Threads 
and 
Couplings 

Plain 

Ends 

Threads 
and 
Couplings 

Plain 
Ends 

Plain 
Ends 

1A 

0.25* 

0.25* 

0.32* 

0.43* 

0.43* 

0.54* 

% 

0.57* 

0.57* 

0.74* 

1A 

0.86* 

0.86* 

1.09* 

K 

1.14* 

1.14* 

1.48* 

1 



1.68* 

1.69* 



2.18* 

IJi 









2.28* 

2.29* 



3.00* 

1H 









2.72* 

2.74* 



3.64* 

2 









3.66* 

3.68* 



5.03* 

2H 

5.80* 

5.82* 



7.67* 

3 









7.58* 

7.62* 



10.3* 

3M 

9,11* 

9.21* 

12.5* 

4 







10.8* 

10.9* 



15.0* 

5 

14.7* 

14.9* 

20.8* 

6 

19.0* 

19.2* 

28.6* 

8 

24.7* 

25.0* 

28.6* 

28.8* 

43.4* 

10 





34.3* 

35.0* 

40.5* 

41.2* 

"iiTi* 

54.4 

12 

43.8* 

45.0* 

53.6 

55.0 

73,2 

88.6 

14  0.  D. 

36.6 

SVs 

53.6 

62.2 

87.6 

104.0 

16  0.  D. 

41.3 

51.4 

61.4 

81.2 

111.0 

18  0.  D. 

46.5 

57.9 

80.5 

103.0 

136.0 

20  0.  D. 

77.0 

103.0 



115.0 





Weights  are  given  in  pounds  per  linear  foot  and  are  for  pipe  with  plain  ends  except  for  sizes  which  are 
commercially  available  with  threads  and  couplings  for  which  both  weights  are  listed. 

^Weights  marked  with  an  asterisk  in  Schedules  30  and  40  are  identical  with  weights  for  standard-weight 
pipe  in  former  lists;  those  in  Schedules  60  and  80  are  identical  with  weights  for  extra-strong  pipe  in  former 
lists. 

The  Schedule  Numbers  indicate  approximate  values  of  the  expression  1000  x  P/S, 

case  of  refrigeration  lines)  per  unit  length  of  material  per  degree  change  in 
temperature  is  termed  the  coefficient  of  linear  expansion  of  that  material, 
or  commonly,  the  coefficient  of  expansion.  This  coefficient  varies  with 
the  material. 

The  linear  expansion  of  cast-iron,  steel,  wrought  iron,  and  copper  pipe, 
the  materials  most  frequently  used  in  heating  and  ventilating  work,  can 
be  determined  from  Table  6. 

The  elongation  values  in  Table  6  were  computed  from  the  following 
formula: 
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where 


-32 

1000 


(1) 


It  =  length  at  temperature  t  degrees  Fahrenheit,  feet. 
L0  =  length  at  32  F,  feet. 

t  —  final  temperature,  degrees  Fahrenheit. 
a  and  b  are  constants  as  given  on  the  next  page. 


METAL 

a 

5 

Cast-Iron  

0  005441 

0  001747 

Steel  

0  006212 

0  001623 

Wrought  Iron 

0  006503 

0  001622 

Copper 

0  009278 

0  001244 

The  three  methods  by  which  the  elongation  due  to  thermal  expansion 
may  be  taken  care  of  are: 

1.  Expansion  joints. 

2.  Swivel  joints. 

3.  Inherent  flexibility  of  the  pipe  itself  utilized  through  pipe  bends,  right-angle  turns, 
or  offsets  in  the  line. 

TABLE  5,    STANDARD  DIMENSIONS,  WEIGHTS,  AND  DIAMETER  AND  WALL  THICKNESS 
TOLERANCES  FOR  COPPER  WATER  TUBES* 

(AH  Tolerances  Plus  and  Minus} 


ACTUA.L 

PERMISSIBLE 
VARIATION  IN 

WALL  THICKNESS,  IN. 

WEIGHT  PEB  FT 

T  T> 

NOMINAL 
SIZE,  IN. 

OUTSIDE 
DIAM- 

MEAN  OTJTSIDB 
DIA.METBB,  IN. 

Class  K 

Class  L 

Class  if 

LB 

Per- 

Per- 

Per- 

IN. 

Annealed 

Hard 

Nominal 

missible 
Varia- 

Nominal 

missible 
Varia- 

Nominal 

missible 
Varia- 

Class 
K 

Class 
L 

Class 
M 

Drawn 

tion 

tion 

tion 

Z/8 

0.500 

0.0025 

0.001 

0.049 

0.004 

0.035 

0.0035 

0.025 

0.0025 

0.269 

0.198 

0,144 

% 

0.625 

0.0025 

0.001 

0.049 

0.004 

0.040 

0.0035 

0.028 

0.0025 

0.344 

0.285 

0.203 

H 

0.875 

0.003 

0.001 

0,065 

0,0045 

0.045 

0.004 

0.032 

0.003 

0.641 

0.455 

0,328 

l 

1.125 

0.0035 

0.0015 

0.065 

0.0045 

0.050 

0.004 

0.035 

0.0035 

0.839 

0.655 

0.464 

1H 

1.375 

0.004 

0.0015 

0.065 

0.0045 

0.055 

0.0045 

0.042 

0.0035 

1.04 

0.884 

0.681 

iy* 

1.625 

0.0045 

0.002 

0.072 

0.005 

0.060 

0.0045 

0.049 

0.004 

1.36 

1.14 

0.94 

2 

2.125 

0.005 

0.002 

0.083 

0,005 

0.070 

0.005 

0.058 

0.0045 

2.06 

1.75 

1.46 

zy* 

2.625 

0.005 

0.002 

0.095 

0.005 

0.080 

0.005 

0.065 

0.0045 

2.92 

2.48 

2.03 

3 

3.125 

0.005 

0.002 

0.109 

0.005 

0.090 

0.005 

0.072 

0.0045 

4.00 

3.33 

2.68 

3M 

3.625 

0.005 

0.002 

0.120 

0.005 

0.100 

0.005 

0.083 

0.005 

5.12 

4.29 

3.58 

4 

4.125 

0.005 

0.002 

0.134 

0.006 

0.110 

0.005 

0.095 

0.005 

6.51 

5.38 

4.66 

5 

5.125 

0.005 

0.002 

0.160 

0.006 

0.125 

0.006 

0.109 

0.005 

9.67 

7.61 

6.65 

6 

6.125 

0.005 

0.002 

0,192 

0.006 

0.140 

0.006 

0.122 

0.005 

13.87 

10.20 

8.91 

*From  Standard  Specifications  for  Copper  Water  Tube  of  the  American  Society  for  Testing  Materials, 
A3.T.M.  Designation  B88-33, 

Expansion  joints  of  the  slip-sleeve,  diaphragm,  or  corrugated  types 
made  of  copper,  rubber,  or  other  gasket  material  are  all  used  for  taking 
up  expansion,  but  generally  only  for  low  pressures  or  where  the  inherent 
flexibility  of  the  pipe  cannot  readily  be  used  as  in  underground  steam  or 
hot  water  distribution  lines. 
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Swivel  joints  are  used  extensively  in  low-pressure  steam  and  hot  water 
heating  systems  and  in  hot  water  supply  lines.  The  swivel  joints  absorb 
the  expansive  movement  of  the  pipe  by  the  turning  of  threaded  joints. 
In  many  cases  the  straight  pipe  in  the  offset  of  a  swivel  joint  is  sufficiently 
flexible  to  take  up  the  expansion  without  developing  enough  thrust  to 
produce  swiveling  in  the  threaded  joint.  This  is  preferable  since  con- 
tinued turning  in  the  threaded  joint  may  in  time  result  in  a  leak,  par- 
ticularly when  the  pressure  is  high.  The  amount  of  elongation  which  a 
swivel  joint  can  take  up  is  controlled  by  the  length  of  the  swing  piece 
employed  and  by  the  lateral  displacement  which  is  permissible  in  the 
long  pipe  runs. 

Probably  the  most  economical  method  of  providing  for  expansion  of 
piping  in  a  long  run  is  to  take  advantage  of  the  directional  changes  which 
must  necessarily  occur  in  the  piping  and  proportion  the  offsets  so  that 
sufficient  flexibility  is  secured.  Ninety-degree  bends  with  long,  straight 
tangents  in  either  a  horizontal  or  a  vertical  plane  are  an  excellent  means 
for  securing  adequate  flexibility  with  larger  sizes  of  pipe.  When  flexi- 


L=2A+B  ^-  L 

U  bend  with  u  bend  with 

4  fittings  2  fittings 

FIG.  1.    MEASUREMENT  OF  L  ON  VARIOUS  PIPE  BENDS 

bility  cannot  be  obtained  in  this  manner,  it  is  necessary  to  make  use  of 
some  type  of  expansion  bend.  The  exact  calculation  of  the  size  of  ex- 
pansion bends  required  to  take  up  a  given  amount  of  thermal  expansion 
is  relatively  complicated1.  The  following  approximate  method,  however, 
has  been  found  to  give  reasonably  good  results  and  is  deemed  to  be 
sufficiently  accurate  for  most  heating  work. 

Fig.  1  shows  several  types  of  expansion  bends  commonly  used  for 
taking  up  thermal  expansion.  The  amount  of  pipe,  L,  required  in  each  of 
these  bends  may  be  computed  from  the  following  formula: 


L  =  6.16  J  D  A  (2) 

where 

L  —  length  of  pipe,  feet. 

D  «  outside  diameter  of  the  pipe  used,  inches. 

A  «  the  amount  of  expansion  to  be  taken  up,  inches. 

This  formula,  based  on  the  use  of  mild-steel  pipe  with  wall  thicknesses 
not  heavier  than  extra-strong,  assumes  a  maximum  safe  value  of  fiber 
stress  of  16,000  Ib  per  square  inch.  When  square  type  bends  are  used,  the 
width  of  the  bend  should  not  exceed  about  two  times  the  height.  It  is 

^Piping  Handbook,  by  Walker  and  Crocker,  and  A  Manual  for  the  Design  of  Piping  for  Flexibility  by 
the  Use  of  Graphs,  by  E.  A.  Wert,  S.  Smith,  and  E.  T.  Cope,  published  by  The  Detroit  Edison  Company. 
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further  assumed  that  the  corners  are  made  with  screwed  or  flanged  elbows 
or  with  arcs  of  circles  having  radii  five  to  six  times  the  pipe  diameter.  Use 
of  welding  elbows  with  radii  of  IJi  times  the  pipe  diameter  will  decrease 
the  end  thrusts  somewhat  but  will  raise  the  fiber  stress  correspondingly. 

All  risers  must  be  anchored  and  safeguarded  so  that  the  difference  in 
length  when  hot  from  the  length  when  cold  shall  not  disarrange  the 
normal  and  orderly  provisions  for  drainage  of  the  branches. 

Proper  anchoring  of  piping  is  especially  necessary  with  light-weight 
radiators,  to  allow  for  freedom  of  expansion  in  order  that  no  pipe  strain 

TABLE  6.  THERMAL  EXPANSION  OF  PIPE  IN  INCHES  PER  100  FT* 
(For  superheated  steam  and  other  fluids  refer  to  temperature  column} 


SITUATED  STEAM 

ELONGATION  DT  INCHES  FEE 

100  FT  FROM  -20  F  TO 

SATURATED 

fifBAX 

ELONGATION  m  INCHES  PIE  100 

EC  FBOM  -20  P  UP 

Vacuum 
Inches 
ofHg. 

Pressure 
Pounds 

Square 
Inch 
Gage 

Tern- 
perature 
Degrees 
Fahren- 
heit 

Cast- 
Iron 
Pipe 

Steel 
Pipe 

Wrought 
Iron 
Rpe 

Copper 
Hpe 

Pressure 
Ponndfl 

«*** 
Square 

^ch 
Gage 

Tem- 
perature 
Degrees 
Fahren- 
heit 

Oast- 
Iron 
Pipe 

Steel 
Pipe 

Wrought 
Iron 
Pipe 

Copper 
Pipe 

-20 

0 

0 

0 

0 

664.3 

500 

3.847 

4.296 

4.477 

6.110 

0 

0.127 

0.145 

0.152 

0.204 

795.3 

520 

4.020 

4.487 

4.677 

6.352 

20 

0.255 

0.293 

0.306 

0.442 

945.3 

540 

4.190 

4.670 

4.866 

6.614 

40 

0.390 

0.430 

0.465 

0.655 

1115.3 

560 

4.365 

4.860 

5.057 

6.850 

29.39 

60 

0.518 

0.593 

0.620 

0.888 

1308.3 

580 

4.541 

5.051 

5.268 

7.123 

28.89 

80 

0.649 

0.725 

0.780 

1.100 

1525.3 

600 

4.725 

5.247 

5.455 

7.388 

27.99 

100 

0.787 

0.898 

0.939 

1.338 

1768.3 

620 

4.896 

5.437 

5.660 

7.636 

26.48 

120 

0.926 

1.055 

1.110 

1.570 

2041.3 

640 

5.082 

5.627 

5.850 

7.893 

24.04 

140 

1.051 

1.209 

1.265 

1.794 

2346.3 

660 

5.260 

5.831 

6.067 

8.153 

20.27 

160 

1.200 

1.368 

1.427 

2.008 

2705 

680 

5.442 

6.020 

6.260 

8.400 

14,63 

180 

1.345 

1.528 

1.597 

2.255 

3080 

700 

5.629 

6.229 

6.481 

8.676 

6.45 

200 

1.495 

1.691 

1.778 

2.500 

720 

5.808 

6.425 

6.673 

8.912 

2.5 

220 

1.634 

1.852 

1.936 

2.720 

740 

6.006 

6.635 

6.899 

9.203 

10.3 

240 

1.780 

2.020 

2.110 

2.960 

760 

6.200 

6.833 

7.100 

9.460 

20.7 

260 

1.931 

2.183 

2.279 

3.189 

780 

6.389 

7.046 

7.314 

9.736 

34.5 

280 

2.085 

2.350 

2.465 

3.422 

800 

6.587 

7.250 

7.508 

9.992 

52.3 

300 

2.233 

2.519 

2.630 

3.665 

820 

6.779 

7.464 

7.757 

10.272 

74.9 

320 

2.395 

2.690 

2.800 

3.900 

840 

6.970 

7.662 

7.952 

10.512 

103.3 

340 

2.543 

2.862 

2.988 

4.145 

860 

7.176 

7.888 

8.195 

10.814 

138,3 

360 

2.700 

3.029 

3.175 

4.380 

880 

7.375 

8.098 

8.400 

11.175 

180.9 

380 

2.859 

3.211 

3.350 

4.628 

900 

7.579 

8.313 

8.639 

11.360 

232.4 

400 

3.008 

3.375 

3.521 

4.870 

920 

7.795 

8.545 

8.867 

11.625 

293.7 

420 

3.182 

3.566 

3.720 

5.118 

940 

7.989 

8.755 

9.089 

11.911 

366.1 

440 

3.345 

3.740 

3.900 

5.358 

960 

8.200 

8.975 

9,300 

12.180 

451.3 

460 

3.511 

3.929 

4.096 

5.612 

980 

8.406 

9.196 

9.547 

12.473 

550.3 

480 

3.683 

4.100 

4.280 

5.855 

1000 

8.617 

9.421 

9.776 

12.747 

aFrom  Piping  Handbook,  by  Walker  and  Crocker.  This  table  gives  the  expansion  from  -20  F  to  the 
temperature  in  question.  To  obtain  the  amount  of  expansion  between  any  two  temperatures  take  the 
difference  between  the  figures  in  the  table  for  those  temperatures.  For  example,  if  a  steel  pipe  is  inataUed 
at  a  temperature  of  60  F  and  is  to  operate  at  300  F,  the  expansion  would  be  2.519  -  0.593  —  1.926  in. 

will  distort  the  radiators.  When  expansion  strains  from  the  pipes  are 
permitted  to  reach  these  light  metal  heaters  they  usually  emit  sounds 
of  distress  which  are  exceedingly  troublesome. 

PIPE  THREADS 

All  threaded  pipe  for  heating  and  ventilating  installations  uses  the 
American  Standard  taper  pipe  thread  which  is  made  with  a  taper  of  1  in 
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16  measured  on  the  diameter  of  the  pipe  so  as  to  secure  a  tight  joint. 
Threads  of  fittings  are  tapped  to  the  same  taper.  The  number  of  threads 
per  inch  varies  with  the  different  pipe  sizes.  All  threaded  pipe  should  be 
made  up  with  a  thread  paste  suitable  for  the  service  under  which  the 
pipe  is  to  be  used. 

HANGERS  AND  SUPPORTS 

Heating  system  piping  requires  careful  and  substantial  support.  Where 
changes  in  temperature  of  the  line  are  not  large,  such  simple  methods  of 
support  may  be  utilized  as  hanging  the  line  by  means  of  rods  or  perforated 
strip  from  the  building  structure,  or  supporting  it  by  brackets  or  on  piers. 

When  fluids  are  conveyed  at  temperatures  of  150  F  or  above,  however, 
hangers  or  supporting  equipment  must  be  fabricated  and  assembled  to 
permit  free  expansion  or  contraction  of  the  piping.  This  can  be  accom- 
plished by  the  use  of  long  rod  hangers,  spring  hangers,  chains,  hangers  or 
supports  fitted  with  rollers,  machined  blocks,  elliptical  or  circular  rings  of 
larger  diameter  than  the  pipe  giving  contact  only  at  the  bottom,  or  trolley 
hangers.  In^all  cases,  allowance  should  be  made  for  rod  clearance  to 
permit  swinging  without  setting  up  severe  bending  action  in  the  rods. 

For  pipes  of  small  size,  perforated  metal  strip  is  often  used.  For 
horizontal  mains,  the  rod  or  strip  usually  is  attached  to  the  joists  or  steel 
work  of  the  floor  above.  For  long  runs  of  vertical  pipe  subject  to  con- 
siderable thermal  expansion,  either  the  hangers  should  be  designed  to 
prevent  excessive  load  on  the  bottom  support  when  expansion  takes 
place,  or  the  bottom  support  should  be  designed  to  withstand  the  entire 
load. 

TYPES  OF  FITTINGS 

Fittings  for  joining  the  separate  lengths  of  pipe  together  are  made  in  a 
variety  of  forms,  and  are  either  screwed  or  flanged,  the  former  being 
generally  used  for  the  smaller  sizes  of  pipe  up  to  and  including  3J^  in., 
and  the  latter  for  the  larger  sizes,  4  in.  and  above.  Screwed  fittings  of 
large  size  as  well  as  flanged  fittings  of  small  size  are  also  made  and  are 
used  for  certain  classes  of  work  at  the  proper  pressure. 

The  material  used  for  fittings  is  generally  cast-iron,  but  in  addition  to 
this  malleable  iron,  steel  and  steel  alloys  are  also  used,  as  well  as  various 
grades  of  brass  or  bronze.  The  material  to  be  used  depends  on  the 
character  of  the  service  and  the  pressure. 

As  in  the  case  of  pipe,  there  are  several  weights  of  fittings  manufactured. 
Recognized  American  Standards  for  the  various  weights  are  as  follows: 

Cast-iron  pipe  flanges  and  flanged  fittings  for  25  Ib  (sizes  4  in.  and  larger),  125  Ib,  and 
250  Ib  maximum  saturated  steam  pressure. 

Malleable  iron  screwed  fittings  for  150  Ib  maximum  saturated  steam  pressure. 

Cast-iron  screwed  fittings  for  125  and  250  Ib  maximum  saturated  steam  pressure. 

Steel  flanged  fittings  for  150  and  300  Ib  maximum  steam  service  pressure. 

The  allowable  cold  water  working  pressures  for  these  standards  vary  from  43  Ib  for 
the  25  Ib  standard  to  500  Ib  for  the  300  Ib  steel  standard. 

Screwed  fittings  include :  nipples  or  short  pieces  of  pipe  of  varying 
lengths ;  couplings,  usually  of  wrought  iron  only ;  elbows  for  turning  angles 
of  either  45  deg  or  90  deg;  return  bends,  which  may  be  of  either  the  close 
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or  open  pattern,  and  may  be  cast  with  either  a  back  or  side  outlet;  tees; 
crosses;  laterals  or  Y  branches;  and  a  variety  of  plugs,  bushings,  caps, 
lock-nuts,  flanges  and  reducing  fittings.  Reducing  fittings  as  well  as 
bushings,  both  of  which  are  used  in  changing  from  one  pipe  size  to  another, 
may  have  the  smaller  connection  tapped  eccentrically  to  permit  free  drain- 
age of  the  water  of  condensation  in  steam  lines  or  free  escape  of  air  in 
water  lines. 

Fittings  for  copper  tubing  are  available  in  the  soldered,  flared,  or  com- 
pression types.  Illustrations  of  each  of  these  types  are  shown  in  Fig.  2. 
Fittings  for  copper  pipe  of  IPS  dimensions  are  available  in  screwed  or 
soldered  types  of  connection. 

The  compression  type  fitting  is  generally  limited  to  smaller  size  tubing 
while  the  flared  and  soldered  types  are  used  in  both  large  and  small  sizes. 


SOLDER-TYPE  FITTING 


REFRIGERATOR  TYPE  FLARED-TUB1NG  FTTTINGS 


SAE  COMPRESSION  TUBING  FITTINGS 


RARED-TUBING  FITTINGS 


FIG.  2.    COPPER  OR  BRASS  TUBING  FITTINGS 

An  American  Standard,  ASA  A40.2-1936  has  been  prepared  to  stand- 
ardize dimensions  for  brass  fittings  for  flared  copper  water  tubes.  Flared 
tube  fittings  are  widely  used  in  refrigerating  work  where  SAE  dimensions 
and  a  45-deg  flare  render  most  fittings  interchangeable,  although  for 
refrigeration  use,  thread  fits  and  tolerances  on  thread  gages  must  be 
maintained  within  close  limits.  Brass  fittings  with  SAE  dimensions  are 
not  interchangeable  with  the  American  Standard  fittings  for  water  tubes. 
Ammonia  pipe  fittings  made  of  cast-iron  were  formerly  used  extensively 
in  handling  refrigerants  in  larger  installations.  Replacement  of  ammonia 
by  other  refrigerants  operating  at  lower  pressures  has  seriously  curtailed 
the  market  for  these  fittings,  and  the  us6  of  copper  tubing  with  special 
fittings  and  welded  steel  piping  has  further  rendered  ammonia  fittings 
obsolete.  For  these  reasons  formulation  of  an  American  Standard  for 
these  fittings  was  abandoned  by  the  ASA  in  1936. 
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Thread  Connections 

Threads  used  for  fittings  are  the  same  American  Standard  taper  pipe 
threads  as  those  used  for  pipe,  and  unless  otherwise  ordered,  right-hand 
threads  are  used.  To  facilitate  drainage,  some  elbows  have  the  thread 
tapped  at  an  angle  to  provide  a  pitch  of  the  connecting  pipe  of  %  in.  to 
the  foot.  These  elbows  are  known  to  the  trade  as  pitched  elbows  and  are 
commercially  available.  Malleable  iron  fittings,  like  brass  fittings,  are 
cast  with  a  round  instead  of  a  flat  band  or  bead,  or  with  no  bead  at  all. 
Fittings  are  designated  as  male  or  female,  depending  on  whether  the 
threads  are  on  the  outside  or  inside,  respectively. 

Flanged  fittings  are  generally  used  in  the  best  practice  for  connecting 
all  piping  above  4  in.  in  diameter.  While  screwed  fittings  may  be  used 
for  the  larger  sizes  and  are  satisfactory  under  the  proper  working  con- 
ditions, it  will  be  found  difficult  either  to  make  or  to  break  the  joints  in 
these  large  sizes. 

A  number  of  different  flange  facings  in  common  use  are  plain  face, 
raised  face,  tongue  and  groove,  and  male  and  female.  Cast-iron  fittings 
for  125  Ib  pressure  and  below  are  normally  furnished  with  a  plain  face, 
while  the  250  Ib  cast-iron  fittings  are  supplied  with  a  Hs-in.  raised  face. 
The  standard  facing  for  steel  flanged  fittings  for  150  and  300  Ib  is  a 
^6-in.  raised  face  although  these  fittings  are  obtainable  with  a  variety  of 
facings.  The  gasket  surface  of  the  raised  face  may  be  finished  smooth 
or  may  be  machined  with  concentric  or  spiral  grooves  often  referred  to  as 
serrated  face  or  phonograph  finish,  respectively. 

The  dimensions  of  elbows,  tees  and  crosses  for  125  Ib  cast-iron  screwed 
fittings  are  given  in  Table  7,  whereas  the  dimensions  for  125  Ib  cast-iron 
flanged  fittings  are  given  in  Tables  8  and  9. 

For  low  temperature  service  not  to  exceed  about  220  F,  a  number  of 
paper  or  vegetable  fiber  gasket  materials  will  prove  satisfactory;  for  plain 
raised  face  flanges,  rubber  or  rubber  inserted  gaskets  are  commonly 
employed.  Asbestos  composition  gaskets  are  probably  the  most  widely 
used,  particularly  where  the  temperature  exceeds  250  F.  Jacketed 
asbestos  and  metallic  gaskets  may  be  used  for  any  pressure  and  tem- 
perature conditions,  but  preferably  only  with  a  relatively  narrow  recessed 
facing. 

WELDING 

Erection  of  piping  in  heating  and  ventilating  installations  by  means  of 
fusion  welding  has  been  commonly  accepted  in  the  past  few  years  as  a 
competitive  method  to  the  screwed  and  flanged  joint.  Since  the  question 
of  economy  of  welding  as  against  the  use  of  screwed  and  flanged  fittings 
is  dependent  on  the  individual  job,  the  use  of  welding  is  generally  recom- 
mended on  the  basis  of  a  greatly  reduced  cost  of  maintenance  and  repair, 
of  less  weight  resulting  from  the  use  of  a  lighter-weight  pipe,  and  of 
increased  economy  in  pipe  insulation,  hangers,  and  supports  rather  than 
on  the  basis  of  any  economy  that  might  be  effected  in  actual  erection  by 
welding  on  low  to  medium  pressure  heating  jobs. 

Fusion  welding,  commonly  used  in  erection  of  piping,  is  defined  as  the 
process  of  joining  metal  parts  in  the  molten,  or  molten  and  vapor  states, 
without  the  application  of  mechanical  pressure  or  blows.  Fusion  welding 
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embraces  gas  welding  and  electric  arc  welding,  both  of  which  are  com- 
monly used  to  produce  acceptable  welds. 

Welding  application  requires  the  same  basic  knowledge  of  design  as  do 
the  other  types  of  assembly,  but  in  addition,  requires  a  generous  know- 
ledge of  the  sciences  involved,  particularly  as  to  welding  qualities  of 
metal,  their  reaction  to  extremely  high  temperatures,  and  the  ability  to 

TABLE  7.   TENTATIVE  AMERICAN  STANDARD  DIMENSIONS  OF  ELBOWS,  45-DEG  ELBOWS, 
TEES,  AND  CROSSES  (STRAIGHT  SIZES)  FOR  125-Ls  CAST-IRON  SCREWED  FITTINGS 


»-A-H 


;• 

*-- 


i 
.SL 


-H 


ELBOW 


TEE 


CROSS 


A 

C 

B 

tf 

F 

0 

H 

NOMINAL 

p_____ 

INSHJZ  DIAKBTEB 

POT 

SlZB 

UcNTEB 

TO  END, 
ELBOWS, 
TEES  AND 
CROSSES 

GENTXB 

TO  END, 
45  DUG 
ELBOWS 

LENGTH 
or  THREAD 
MEN. 

WIDTH 
or  BAND, 
MIN. 

OF  FITTING 

UTCTAT, 

THICKNESS, 
MXN. 

OUTBWM 
DXAMKIXB 

or  BAND, 
Mm. 

Miff, 

Max. 

¥• 

0.81 

0.73 

0.32 

0.38 

0.540 

0.584 

0.110 

0.93 

0.95 

0.80 

0.36 

0.44 

0.675 

0.719 

0.120 

1.12 

% 

1.12 

0.88 

0.43 

0.50 

0.840 

0.897 

0.130 

1.34 

j/£ 

1.31 

0.98 

0.50 

0.56 

1.050 

1.107 

0.155 

1.63 

1 

1.50 

1.12 

0.58 

0.62 

1.315 

1.385 

0.170 

1.95 

IJi 

1.75 

1.29 

0.67 

0.69 

1.660 

1.730 

0.185 

2.39 

lj£ 

1.94 

1.43 

0.70 

0.75 

1.900 

1.970 

0.200 

'    2.68 

2 

2.25 

1.68 

0.75 

0.84 

2.375 

2.445 

0.220 

3.28 

W 

2.70 

1.95 

0.92 

0.94 

2.875 

2.975 

0.240 

3.86 

3 

3.08 

2.17 

0.98 

1.00 

3.500 

3.600 

0.260 

4.62 

3H 

3.42 

2.39 

1.03 

1.06 

4.000 

4.100 

0.280 

5.20 

3.79 

2.61 

1.08 

1.12 

4.500 

4.600 

0.310 

5.79 

5 

4.50 

3.05 

1.18 

1.18 

5.563 

5.663 

0.380 

7.05 

6 

5.13 

3.46 

1.28 

1.28 

6.625 

6.725 

0.430 

8.28 

8    . 

6.56 

4.28 

1.47 

1.47 

8.625 

8.725 

0.550 

10.63 

10 

8.08 

5.16 

1.68 

1.68 

10.750 

10.850 

0.690 

13.12 

12 

9.50 

5.97 

1.88 

1.88 

12.750 

12.850 

0.800 

15.47 

14  O.D. 

10.40 

.... 

2.00 

2.00 

14.000 

14.100 

0.880 

16.94 

16  O.D. 

11.82 

.... 

2.20 

2.20 

16.000 

16.100 

1.000 

19.30 

All  dimensions  given  in  inches. 

determine  and  use  only  the  best  quality  welding  rods.  This  requirement 
applies  equally  to  employer  and  employee  with  the  employer  accepting 
all  of  the  responsibility.  Thus  the  employer  should  select  his  welding 
mechanics  with  good  judgment,  provide  them  with  first-class  equipment 
and  tools,  arrange  for  their  training  and  use  of  acceptable  workmanship 
standards,  and  at  regular  intervals  subject  their  work  to  prescribed  tests. 
Industry  will  not  accept  the  employment  of  mechanics  of  undetermined 
ability  nor  on  the  basis  of  past  experience.  Neither  does  industry  accept 
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the  statement  that  a  weld  is  only  as  good  as  the  workman  who  makes  it. 
The  control  Codes  now  in  process  of  adoption  will  be  the  law  governing 
the  use  of  the  welding  process.  These  Codes  prohibit  individual  practices 
contrary  to  their  specified  procedure  and  rules  of  control,  and  this  is 
predicated  upon  the  sound  requirement  that  the  employer  must  assume 
full  responsibility  for  the  deposited  weld. 

It  is  advisable  that  this  management  responsibility  be  included  in  all 
welding  specifications  and  that  authoritative  standards^  of  workmanship 
also  be  specified.  The  standards  of  workmanship  for  this  industry  are  as 

TABLE  8.    AMERICAN  STANDARD  DIMENSIONS  OF  TEES  AND  CROSSES  (STRAIGHT  SIZES) 
FOR  CLASS  125  CAST-IRON  FLANGED  FITTINGS 


TEE 


SIDE  OUTLET 


CROSS 


NOMINAL 
PIPE  SIZE  fc"b 

A 

AA 

DIAMETER 

OF 

FLANGE 

THICKNESS  OF 
FLANGE, 
MIN. 

METALd 

THICKNESS 
OF  BODY 

CENTER  TO  FACE 
TEES  AND 
CROSSES  b-c 

FACE  TO  FACT 
TEES  AND 
CROSSES  b-« 

1 

Zy2 

7 

4/i 

KG 

K6 

1M 

4  4 

8  2 

5  8 

Ke 

Me 

2 

9 

6 

Ji 

Ms 

2J^  • 

5 

10 

7 

1Ms 

Me 

3 

5J^ 

11 

7J^ 

Ji 

j^ 

3J^ 

6 

12 

8J^ 

1iKe 

Jie 

4 

6//£ 

13 

9 

1Me 

^ 

5 

7% 

15 

10 

% 

6 

8 

16 

11 

1 

Ms 

8 

9 

18 

13J^ 

lj^ 

5/| 

10 

11 

22 

16 

l^Ke 

5i 

12 

12 

24 

19 

IJi 

1^f  6 

14  O.D. 

14 

28 

21 

1?^ 

Jif 

16  O.D. 

15 

30 

23  J^ 

Ij^g 

1 

18  O.D. 

16M 

33 

25 

Ij^g 

IKe 

20  O.D. 

18 

36 

27^ 

l1Ke 

24  O.D. 

22 

44 

32 

IJi 

IJi 

30  O.D. 

25 

50 

38J«i 

2J^ 

IJie 

36  O.D. 

28 

56 

46 

2J^ 

l/^i 

42  O.D. 

31 

62 

53 

2J^ 

l^^Me 

48  O.D. 

34 

68 

59H 

2% 

2 

All  dimensions  given  in  inches. 

aSize  of  all  fittings  listed  indicates  nominal  inside  diameter  of  port. 

fcTees,  side  outlet  tees,  and  crosses,  16  in.  and  smaller,  reducing  on  the  outlet,  have  the  same  dimensions 
center  to  face,  and  face  to  face  as  straight  size  fittings  corresponding  to  the  size  of  the  larger  opening. 
Sizes  18  in.  and  larger,  reducing  on  the  outlet,  are  made  in  two  lengths,  depending  on  the  size  of  the  outlet. 

oTees  and  crosses,  reducing  on  run  only,  carry  same  dimensions  center  to  face  and  face  to  face  as  a 
straight  size  fitting  of  the  larger  opening. 

dBody  thickness  at  no  point  shall  be  less  than  87H  per  cent  of  the  dimensions  given  in  the  table. 
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set  forth  in  the  Standard  Manual  on  Pipe  Welding  of  the  Heating,  Piping 
and  Air  Conditioning  Contractors  National  Association. 

A  complete  line  of  manufactured  steel  welding  fittings  is  now  available 
and  a^dimensional  standard  is  being  prepared  under  the  procedure  of  the 
American  Standards  Association  to  unify  heretofore  divergent  dimensions 
for  the  same  type  welding  fittings  as  produced  by  different  manufacturers. 
Proposed  standard  dimensions  for  elbows,  tees,  caps,  and  lapped-joint 
stub  ends  are  given  in  Table  10.  Dimensions  for  eccentric  and  concentric 
reducers,  and  180-deg  return  bends  are  not  shown  in  Table  10  but  will 

TABLE  9.   AMERICAN  STANDARD  DIMENSIONS  OF  ELBOWS  FOR 
CLASS  125  CAST-IRON  FLANGED  FITTINGS 


DEG.       LOHG  fcADKJS     45  DEG. 


REDUCING      SIDE  OUTLET 


NOMINAL 
PIPE  SIZES 


CENTER  TO  FACT 
ELBOW  b-e-d 


CENTER  TO  FACT 
LONG  RADIUS 
ELBOW  b-c-d 


CENTER  TO  FACT 
45  DEG 
ELBOW  c 


DlAKETEB 
OF 

FLANGE 


TmcsKias 

or  FLANGK. 

Mm. 


MKFAIA 
THICKNESS 
OF  BOOT 


4 

5 

6 

8 
10 
12 

14  O.D. 
16  O.D. 
18  O.D. 
20  O.D. 
24  O.D. 
30  O.D. 
36  O.D. 
42  O.D. 
48  O.D. 


4 

4J 

5 

5J 

6 


8 
9 
11 
12 
14 
15 


6 
6% 

7 

7% 

8  i/ 
x2 

9 


14 
16 
19 
21 
24 


18 
22 
25 
28 
31 
34 


29 
34 


49 
56 
64 


8 
g 

11 
15 
18 
21 
24 


5 
6 

l\ 

9 

10 
11 


16 
19 
21 

23  « 
25 


32 


46 
53 


All  dimensions  given  in  inches. 

aSize  of  all  fittings  listed  indicates  nominal  inside  diameter  of  port. 

^Reducing  elbows  and  side  outlet  elbows  carry  same  dimensions  center  to  face  as  straight  size  elbows 
corresponding  to  the  size  of  the  larger  opening. 

«SpeciaI  degree  elbows,  ranging  from  1  to  45  deg,  inclusive,  have  the  same  center  to  face  dimensions 
as  given  for  45-deg  elbows  and  those  over  45  deg  and  up  to  90  deg,  inclusive,  shall  have  the  same  center  to 
face  dimensions  as  given  for  90-deg  elbows.  The  angle  designation  of  an  elbow  is  its  deflection  from  straight 
line  now  and  is  the  angle  between  the  flange  faces. 

dSide  outlet  elbows  shall  have  all  openings  on  intersecting  center-lines. 

eBody  thickness  at  no  point  shall  be  less  than  87)4  per  cent  of  the  dimensions  given  in  the  table. 
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be  included  in  the  American  Standard.  Larger  sizes  also  are  available 
in  some  types  of  fittings.  The  welding  bevel  which  is  a  straight  37J^-deg 
V  for  wall  thicknesses  %  in.  and  below,  and  a  U-bevel  for^  thicknesses 
heavier  than  %  in.,  conforms  to  the  recommended  practice  of  ASA 
Standard  B16e-1939,  American  Standard  for  Steel  Pipe  Flanges  and 
Flanged  Fittings.  The  latter  also  contains  dimensions  for  steel  welding- 
neck  flanges  for  pressures  up  to  2500  Ib  per  square  inch.  Tables  11  and  12 
give  these  dimensions  for  welding-neck  flanges  suitable  for  150  and  300  Ib 
per  square  inch  gage  pressure. 

Socket  welding  fittings  are  also  commercially  available.  These  fittings 
have  a  machined  recess  into  which  the  pipe  slips.  A  fillet  weld  between 
the  pipe  and  socket  edge  provides  a  pressure-tight  joint.  This^type  of 
fitting  has  gained  rapid  acceptance  due  to  its  ease  of  installation,  low 
cost,  and  ability  to  make  a  pressure  tight  joint  without  weakening  the 
pipe  as  is  the  case  with  threading.  Standard  dimensions  for  socket 
welding  fittings  are  being  formulated  under  the  procedure  of  the  American 
Standards  Association. 

TABLE  10.    PROPOSED  AMERICAN  STANDARD  DIMENSIONS  FOR  BUTT- WELDING 
ELBOWS,  TEES,  CAPS,  AND  LAPPED-JOINT  STUB  ENDS 


NOMINAL 
Pira 
SIZE 


OUTSIDE 
DIAMETER 


CBNTEEWO-END 


90-Deg 

Elbows 

A 


45-Deg 

Elbows 

B 


Of  Run 
Tee 
Ca 


CAPS 


LAPPED-JOINT  STUB  ENDS 


Length 


Radius  of 

Met 

R 


Diam.  of 


4 

5 

6 

8 

10 

12 


1.315 
1.660 
1.900 
2.375 
2.875 
3.500 
4.000 
4.500 
5.563 
6.625 
8.625 
10.750 
12.750 


9 

12 
15 
18 


4 
4 
4 
6 
6 
6 
6 
6 
8 
8 
8 
10 
10 


5 

6j|6 


15 


All  dimensions  given  in  inches. 

aThe  dimensions  of  welding  tees  cover  those  which  have  side  outlets  from  one  size  less  than  half  the  size 
of  the  run-way  opening  of  the  tees  to  full  size. 

bDimensions  E  and  F  are  applicable  only  to  these  fittings  in  schedules  up  to  and  including  Schedule  80, 
ASA  Standard  B36.10-1939. 

oThe  shape  of  these  caps  shall  be  ellipsoidal  and  shall  conform  to  the  requirements  of  the  ASME  Boiler 
Construction  Code. 

dThis  dimension  is  for  a  regular  lapped  joint  in  accordance  with  ASA  Standard  B16e-1939.  For  ring- 
joint  facing  dimensions,  see  B16e-1939. 
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VALVES 

Valves  are  made  with  both  threaded  and  flanged  ends  for  screwed  and 
bolted  connections  just  as  are  pipe  fittings. 

The  material  used  for  valves  of  small  size  is  generally  brass  or  bronze 
for  low  pressures  and  forged  steel  for  high  pressures,  while  in  the  larger 
sizes  either  cast-iron,  cast-steel  or  some  of  the  steel  alloys  are  employed. 
Practically  all  iron  or  steel  valves  intended  for  steam  or  water  work  are 
bronze-mounted  or  trimmed. 

Brass,  bronze,  and  iron  valves  are  generally  designed  for  standard  or 
extra  heavy  service,  the  former  being  used  up  to  125  Ib  and  the  latter  up 

TABLE  11.   AMERICAN  STANDARD  DIMENSIONS  OF  STEEL  WELDING  NECK  FLANGES  FOR 

STEAM  SERVICE  PRESSURE  RATING  OF  150  LB  PER  SQ  IN.  (GAGE)  AT  A  TEMPERATURE  OF 

500  F,  AND  100  LB  PER  SQ  IN.  (GAGE)  AT  750  F 


NOMINAL 
PIPB 
SIZE 


DIABETES 

OP 

FLANGE 


THICKNESS 

OP 


. 

Mm. 


DTAMKTEB 

OP 

HUB 


HUB  DLUL 
BEGINNING 

OP 


LENGTH 
THETJ 


INSIDE  DIASL 

OF  PIPE 
SCHEDULE  4Qc 


DLLM.OF 
BOLT 
CIBCLE 


No. 

OP 

BOLTS 


SIZE 

OF 

BOLTS 


2 
3 

4 

5 

6 

8 
10 
12 

14  OD 
16  OD 
18  OD 
20  OD 
24  OD 


0.84 

1.05 

1.32 

1.66 

1.90 

2.38 

2.88 

3.50 

4.00 

4.50 

5.56 

6.63 

8.63 

10.75 

12.75 

14.00 

16.00 

18.00 

20.00 

24.00 


0.62* 
0.82* 
1.05* 
1.38* 
1.61* 
2.07* 
2.47* 
3.07* 
3.55* 
4.03* 
5.05* 
6.07* 
7.98* 
10.02* 

To'Be 

Specified 

by 
Purchaser 


21  Ji 


4 

4 

4 

4 

4 

4 

4 

4 

8 

8 

8 

8 

8 

12 

12 

12 

16 

16 

20 

20 


All  dimensions  given  in  inches. 

•A  raised  face  of  J&  in.  is  included  in  thickness  of  flange  minimum  and  in  Zengf/i  through  hub, 

hThe  outside  surface  of  the  welding  end  of  the  hub  shall  be  straight  or  tapered  at  not  more  than  6  deg. 

eDimensions  H  and  J  correspond  to  the  outside  and  inside  diameters  of  pipe  as  given  in  ASA  B36.10- 
1939.  Schedule  40. 

These  diameters  are  identical  with  the  diameters  of  what  was  formerly  designated  as  Standard  Weight 
Pipe  of  the  corresponding  sizes. 
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to  250  Ib  saturated  steam  working  pressure,  although  most  manufacturers 
also  make  valves  for  medium  pressure  up  to  175  Ib  steam  working  pres- 
sure. The  more  common  types  are  gate  valves  or  straightway  valves, 
globe  valves,  angle  valves,  check  valves  and  automatic  valves,  such  as 
reducing  and  back-pressure  valves. 

Gate  valves  are  the  most  frequently  used  of  all  valves  since  in  their  open 
position  the  resistance  to  flow  is  a  minimum.    These  valves  may  be 

TABLE  12.  AMERICAN  STANDARD  DIMENSIONS  OF  STEEL  WELDING  NECK  FLANGES  FOR 
STEAM  SERVICE  PRESSURE  RATING  OF  300  LB  PER  SQ  IN.  (GAGE)  AT  A  TEMPERATURE 

OF  750  F 


NOMINAL 
PIPE 
SIZE 


DIA.M. 

OF 

FLANGE 


THICK- 

NESS 

OF 


. 
MIN. 


DIA.M. 

OF 

HUB 


HUB 

DLYM. 

BEGINNING 

OPCHAH- 


LENGTH 
THBTJ 
HUB* 


INSIDE 

DIAM. 

OP  PIPE 

SCHEDULE 

40c-d 


INSIDE 

DIAM. 

OF  PIPE 

SCHEDULE 

80c-d 


DlAM. 
OF 

BOLT 
CIRCLE 


No. 

OF 


BOLTS  BOLTS 


OF 


2 

3  * 

4  2 
5 

6 

8 
10 
12 

1400 
16  OD 
18  OD 
20  OD 
24  OD 


9 

10 
11 


15 

20  y2 
23 

25^ 
28 


36 


0.84 

1.05 

1.32 

1.66 

1.90 

2.38 

2.88 

3.50 

4.00 

4.50 

5.56 

6.63 

8.63 

10.75 

12.75 

14.00 

16.00 

18.00 

20.00 

24.00 


0.62* 
0.82* 
1.05* 
1.38* 
1.61* 
2.07* 
2.47* 
3.07* 
3.55* 
4.03* 
5.05* 
6.07* 
7.98* 
10.02* 

fo'Be 
Speci- 
fied by 
Pur- 
chaser 


0.55f 

0.74f 

0.96 1 

1.28" 

1.50" 

1.94" 

2.32- 

2.90" 

3.36" 

3.83 

4.81  f 

5.76f 

7.63  f 


To  Be 
Speci- 
fied by 
Pur- 
chaser 


4 

4 

4 

4 

4 

8 

8 

8 

8 

8 

8 

12 

12 

16 

16 

20 

20 

24 

24 

24 


All  dimensions  given  in  inches. 

»A  raised  face  of  Jie  in.  is  included  in  thickness  of  flange  minimum  and  in  length  through  hub. 

bThis  outside  surface  of  the  welding  end  of  the  hub  shall  be  straight  or  tapered  at  not  more  than  6  deg 

cDimensions  H  and  J  correspond  to  the  outside  and  inside  diameters  of  pipe  as  given  in  ASA  B36.10- 
1939,  Schedules  40  and  80.  Purchaser's  order  must  specify  which  of  these  two  inside  diameters  is  desired. 

dThese  flanges  are  regularly  bored  to  match  inside  diameter  of  Schedule  40  pipe,  but  are  bored  to 
Schedule  80  pipe  when  so  ordered. 

*These  diameters  are  identical  with  the  diameters  of  what  was  formerly  designated  as  Standard  Weight 
Pipe  of  the  corresponding  sizes. 

fThese  diameters  are  identical  with  the  diameters  of  what  was  formerly  designated  as  Extra-Strong  Pipe 
of  the  corresponding  sizes. 
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secured  with  either  a  rising  or  a  non-rising  stem,  although  in  the  smaller 
sizes  the  rising  stem  is  more  commonly  used.  The  rising  stem  valve  is 
desirable  because  the  positions  of  the  handle  and  stem  indicate  whether 
the  valve  is  open  or  closed,  although  space  limitations  may  prevent  its 
use.  The  globe  valve  is  less  expensive  to  manufacture  than  the  gate 
valve,  but  its  peculiar  construction  offers  a  high  resistance  to  flow  and 
may  prevent  complete  drainage  of  the  pipe  line.  These  objections  are  of 
particular  importance  in  heating  work. 

Check  valves  are  automatic  in  operation  and  permit  flow  in  only  one 
direction,  depending  for  operation  on  the  difference  in  pressure  between 

TABLE  13.    STANDARD  ROUGHING-IN  DIMENSIONS  ANGLE  TYPE  VALVES 


SIZE 

OF 

VALVE 

DIMENSION  A 
STEAM  AND 
HOT  WATEB  ANGLE  VALVES 
AND  UNION  ELBOWS 
EFFECTIVE  JANUARY  1,  1926 

DIMENSION  A 
MODTJLATING  VALVES 
EFFECTIVE  JANTTAHY  1,  1926 

DIMENSION  A 
RirroBN  Lnra  VACUTIM 
VALVES  EFFECTIVE 
JANUARY  1,  1925 

M 

2L£ 

2^ 
3 

3  * 

3.^ 

2 
Tolerance 

±8 

±8 

— 

All  dimensions  given  in  inches. 

Connecting  ends  shall  be  threaded  and  gaged  as  to  threading  according  to  the  American  (Taper)  Pipe 
Thread  Standard,  A.S.A.  No.  B2— 1919. 

The  standardization  of  the  Roughing-in  Dimensions  of  Angle  Steam  and  Hot  Water,  and  Modulating 
Radiator  Valves  was  made  possible  by  the  cooperation  of  the  Manufacturers  Standardisation  Society  of  the 
Valves  and  Fittings  Industry. 

the  two  sides  of  the  valve.  The  two  principal  kinds  of  check  valves  are 
the  swing  check  in  which  a  flapper  is  hinged  to  swing  back  and  forth,  and 
the  lift  check  in  which  a  dead  weight  disc  moves  vertically  from  its  seat. 

Valves  commonly  used  for  controlling  steam  or  water  supply  to  radi- 
ators constitute  a  special  class  since  they  are  manufactured  to  meet 
heating  system  requirements.  These  valves  are  generally  of  the  angle 
type  and  are  usually  made  of  brass.  Graduations  on  the  heads  or  lever 
handles  are  often  supplied  to  indicate  the  relative  opening  of  the  valve  in 
any  position.  Standard  roughing-in  dimensions  for  angle-type  valves 
are  given  in  Table  13. 

Automatic  control  of  steam  supply  to  individual  radiators  can  be 
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effected  by  use  of  direct-acting  radiator  valves  having  a  thermostatic 
element  at  the  valve,  or  near  to  it.  The  direct-acting  valve  is  usually  an 
angle-type  valve  containing  a  thermostatic  element  which  permits  the 
flow  of  steam  in  accordance  with  room  temperature  requirements^  These 
valves  usually  are  capable  of  adjustment  to  permit  variation  in  room 
temperature  to  suit  individual  taste. 

Ordinary  steam  valves  may  be  used  for  hot  water  service  by  drilling  a 
J^6-in.  hole  through  the  web  forming  the  seat  to  insure  sufficient  circulation 
to  prevent  freezing  when  the  valve  is  closed.  Valves  made  particularly 
for  use  in  hot  water  heating  systems  are  of  less  complex  design,  one  type 
consisting  of  a  simple  butterfly  valve,  and  another  of  a  quick  opening  type 
in  which  a  part  in  the  valve  mechanism  matches  up  with  an  opening 
in  the  valve  body. 

In  one-pipe  steam-heating  systems,  automatic  air  valves  are  required 
at  the  radiators.  Two  common  types  of  air  valves  available  are  the 
vacuum  type  and  the  straight-pressure  type.  Vacuum  valves^  permit  the 
expulsion  of  air  from  the  radiators  when  the  steam  pressure  rises  and,  in 
addition,  act  as  checks  to  prevent  the  return  of  air  into  the  radiator  when 
a  vacuum  is  formed  by  the  condensation  of  steam  after  the  supply  pressure 
has  dropped.  Ordinary  air  valves  permit  the  expulsion  of  air  from  the 
radiator  when  steam  is  supplied  under  pressure,  but  when  the  pressure 
dies  down  and  a  vacuum  tends  to  be  formed  the  air  is  drawn  back  into 
the  radiator. 

A  system  operating  either  continuously  or  intermittently  and  supplied 
with  vacuum  valves  will  generally  hold  heat  longer  and  warm  up  more 
quickly  than  one  provided  with  non- vacuum  air  valves;  thus,  it  will 
effect  considerable  economy  of  fuel  because  the  idle  period  during  which 
no  heat  is  delivered  is  shortened.  In  those  cases,  where  a  system  is 
equipped  with  vacuum  air  valves  and  which  has  been  cold  for  several 
hours,  the  system  will  probably  have  an  internal  pressure  within  the 
radiator  closely  approaching  atmospheric.  At  such  times,  the  vacuum 
valve  will  not  vent  the  system  any  more  rapidly  than  the  ordinary  type. 
Automatic  air  valves  are  provided  with  a  float  to  close  them  in  case  the 
radiator  becomes  flooded  with  water  because  it  does  not  drain  properly. 

CORROSION2 

Corrosion  is  sometimes  encountered  in  heating  work  on  the  outside  of 
buried  pipes  or  the  inside  of  steam  heating  systems;  it  is  seldom  ex- 
perienced in  hot  water  heating  systems  unless  the  water  is  frequently 
renewed.  Piping  buried  in  the  ground  is  quite  successfully  protected  by 
coatings  of  the  asphaltic  type  which  are  usually  applied  hot  and  often 
reinforced  with  fabric  wrappings.  Galvanizing  by  the  hot-dip  process  and 
painting  with  specially  prepared  mixtures  also  afford  some  protection. 

Internal  corrosion  in  steam  heating  systems  occurs  principally  in  the 


*New  Light  on  Heating  System  Corrosion,  by  J.  H.  Walker  (Heating  and  Ventilating,  May,  1933). 
A.S.H.V.E.  RESEARCH  REPORT  No.  983 — Corrosion  Studies  in  Steam  Heating  Systems,  by  R.  R.  Seeber, 
F.  A.  Rohrman  and  G.  E.  Smedberg,  (A.S.H.V.E.  TRANSACTIONS,  Vol.  40,  1934,  p.  253).  A.S.H.V.E. 
RESEARCH  REPORT  No.  1037 — Corrosion  Studies  in  Steam  Heating  Systems,  by  R.  R.  Seeber,  F.  A.  Rohr- 
man and  G.  E.  Smedberg,  (A.S.H.V.E.  TRANSACTIONS,  Vol.  42,  1936,  p.  263).  A.S.H.V.E.  RESEARCH 
REPORT  No.  1071 — Corrosion  Studies  in  Steam  Heating  Systems,  °y  R-  R-  Seeber  and  Margaret  R.  Holley 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  43, 1937,  p.  461). 
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condensate  return^  pipes  and  is  nearly  always  caused  by  oxygen  or  carbon 
dioxide,  or  both,  in  solution  in  the  condensate.  Oxygen  may  enter  the 
heating  system  with  the  steam,  owing  to  its  presence  in  the  boiler-feed 
water,  or  it  may  enter  as  air  through  small  leaks,  particularly  in  systems 
which  operate  at  sub-atmospheric  pressures.  When  a  steam  heating 
system  is  operated  intermittently,  air  rushes  in  during  each  shutdown 
period  and  oxygen  is  absorbed  by  the  condensate  which  clings  to  the 
interior  surfaces  of  the  pipes  and  radiators.  The  rate  of  corrosion  depends 
upon  the  amounts  of  oxygen  and  carbon  dioxide  present  in  solution,  upon 
the  operating  temperature,  and  upon  the  length  of  time  that  the  pipe 
surfaces  are  in  contact  with  gas-laden  condensate. 

Another  possible  cause  of  corrosion  is  a  flow  of  electric  current  some- 
times resulting  from  faulty  electrical  circuits  which  should  be  corrected. 
Electrolytic  corrosion  also  may  occur  because  of  the  presence  of  two  dis- 
similar metals,  such  as  brass  and  iron,  but  the  condensate  in  practically 
all  steam  heating  systems  is  such  a  weak  electrolyte  that  this  cause  of 
corrosion  is  very  infrequent. 

If  trouble  is  experienced  from  corrosion,  oxygen  should  be  eliminated 
from  the^  feed  water  by  proper  deaeration  with  commercial  apparatus. 
The  elimination  of  the  oxygen  due  to  air  leakage  is  more  difficult  because 
of  the  multitude  of  small  leaks  which  exist  around  valve  stems  and  in 
pipe  joints.  In  vacuum  systems,  however,  an  attempt  should  be  made 
to  minimize  such  leakage. 

Carbon  dioxide  in  varying  amounts  is  contained  in  steam  produced 
from  the  majority  of  water  supplies.  It  is  formed  from  the  breaking  down 
of  carbonates  and  bicarbonates  which  are  present  in  nearly  all  natural 
waters.  It  can  be  partly  removed  by  chemical  treatment  and  deaeration, 
but  there  is  no  simple  method  whereby  it  can  be  entirely  eliminated. 

These  gases  cause  corrosion  only  when  in  solution  in  the  condensate; 
when  they  are  mixed  with  dry  steam  their  corrosive  effect  is  negligible. 
The  amount  of  gas  in  solution  depends  upon  the  partial  pressure  of  that 
gas  in  the  atmosphere  above  the  surface  of  the  solution,  in  accordance 
with  the  well  known  physical  law  of  Henry  and  Dalton3*  The  exact 
application  of  this  law,  however,  assumes  equilibrium  conditions  which 
do  not  always  exist  under  the  flow  conditions  prevailing  in  a  heating 
system. 

Distinction  should  be  made  between  corrosion  in  heating  systems  proper 
and  in  the  condensate  discharge  lines  from  other  apparatus  using  steam, 
such  as  water  heaters,  kitchen  equipment,  and  sterilizers.  Experience 
has  shown  that  in  heating  systems  the  partial  pressures  of  the  gases  do 
not  reach  such  magnitudes  as  to  cause  harmful  amounts  of  gas  to  become 
dissolved  in  the  condensate  when  steam  supplies  are  of  reasonable  purity. 
In  other  kinds  of  steam-using  apparatus  which  are  not  ordinarily  well 
vented,  the  gases  tend  to  accumulate  in  the  steam  space  and  to  become 
dissolved  in  the  condensate  in  appreciable  concentrations.  Consequently, 
corrosion  is  frequently  observed  in  the  condensate  discharge  lines  from 
such  apparatus,  but  this  does  not  necessarily  indicate  that  equally  serious 


'Some  Fundamental  Considerations  of  Corrosion  in  Steam  and  Condensate  Lines,  by  R.  E.  Hall  and 
A.  R.  Mumford  (A.S.H.V.E,  TRANSACTIONS,  VoL  38,  1932,  p.  121). 
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corrosion  is  taking  place  in  the  heating  system  supplied  with  steam  from 
the  same  source. 

When  corrosive  conditions  are  believed  to  exist,  their  seriousness  should 
be  determined  by  actual  measurement,  rather  than  by  inference  from 
isolated  instances  of  pipe  failures.  The  National  District  Heating  Associa- 
tion has  perfected  a  corrosion  tester  for  measuring  the  inherent  corrosive- 
ness  of  existing  conditions.  This  corrosion  tester  consists  of  a  frame  sup- 
porting three  coils  of  wire  which  are  carefully  weighed.  After  the  tester 
has  been  inserted  in  the  pipe  line  for  a  definite  length  of  time,  the  loss  of 
weight  of  the  coils,  referred  to  an  established  scale,  indicates  the  relative 
corrosiveness  of  the  condensate.  Accompanying  such  corrosion  measure- 
ments, a  careful  chemical  analysis  should  be  made  of  the  condensate,  and 
the  findings  will  serve  as  a  basis  for  an  intelligent  study  of  the  problem. 

Corrosion,  if  found  to  exist,  can  be  lessened  or  overcome  by  several 
means.  If  the  steam  supply  is  found  to  be  definitely  contaminated, 
proper  chemical  treatment  of  the  water,  followed  by  deaeration,  is  an 
obvious  remedy.  The  leaks  in  the  piping  system,  particularly  in  vacuum 
systems,  should  be  stopped  so  far  as  is  practicable. 

Some  success  has  been  reported  with  the  use  of  inhibitors,  chief  among 
which  are  oil,  and  sodium  silicate.  Oil  may  be  fed  into  the  main  steam- 
supply  pipe  by  means  of  a  sight-feed  lubricator.  The  type  of  oil  known  as 
600-W  is  usually  recommended.  In  the  present  state  of  knowledge  on 
this  point,  the  quantity  to  be  fed  can  best  be  determined  by  trial.  The 
use  of  sodium  silicate,  fed  in  a  similar  manner,  is  reported  to  be  successful 
but  it  has  not  been  widely  used. 

In  view  of  the  fact  that  corrosion  is  most  frequently  found  in  the 
return  lines  from  special  equipment,  which  constitute  a  relatively  small 
part  of  the  total  piping  in  a  building,  a  simple  solution  of  the  corrosion 
problem  may  be  to  use  non-corroding  materials  in  those  certain  portions 
of  the  piping  system,  since  the  higher  cost  will  usually  be  an  unappreciable 
portion  of  the  total.  Brass  and  copper  are  undoubtedly  less  subject  to  this 
type  of  corrosion  than  the  ferrous  metals,  and  considerable  attention  is 
now  being  given  to  corrosion-resistant  linings  for  ferrous  pipe.  Cast-iron 
pipe,  sometimes  alloyed  with  other  metals,  also  deserves  consideration, 
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Chapter  18 

GRAVITY  WARM  AIR  FURNACE  SYSTEMS 

Design  Procedure,  Estimating  Heating  Requirements,  Leader 

Pipe  Sizes,  Proportioning   Wall  Stacks,  Register  Selections, 

Recirculating  Ducts  and  Grilles,  Furnace  Return  Connection9 

Furnace  Capacity 9  Examples,  Booster  Fans 

WARM  air  heating  systems  of  the  gravity  type  are  described  in  this 
chapter1,  and  those  of  the  mechanical  type  are  described  in  Chapter 
19.  In  the  gravity  type,  the  motive  head  producing  flow  depends  upon 
the  difference  in  weight  between  the  heated  air  leaving  the  top  of  the 
casing  and  the  cooled  air  entering  the  bottom  of  the  casing,  while  in  the 
mechanical  type  a  fan  may  supply  all  or  part  of  the  motive  head.  Booster 
fans  are  often  used  in  conjunction  with  gravity-designed  systems  to 
increase  air  circulation. 

In  general,  a  warm-air  furnace  heating  plant  consists  of  a  fuel-burning 
furnace  or  heater,  enclosed  in  a  casing  of  sheet  metal  or  brick,  which  is 
placed  in  the  basement  of  the  building.  The  heated  air,  taken  from  the 
top  or  sides  near  the  top  of  the  furnace  casing,  is  distributed  to  the 
various  rooms  of  the  building  through  sheet  metal  warm-air  pipes.  The 
warm-air  pipes  in  the  basement  are  known  as  leaders,  and  the  vertical 
warm-air  pipes  which  are  run  in  the  inside  partitions  of  the  building  are 
called  stacks.  The  heated  air  is  finally  discharged  into  the  rooms  through 
registers  which  are  set  in  register  boxes  placed  either  in  the  floor  or  in 
the  side  wall,  usually  at  or  near  the  baseboard. 

The  air  supply  to  the  furnace  may  be  taken  (1)  entirely  from  inside 
the  building  through  one  or  more  recirculating  ducts,  (2)  entirely  from 
outside  the  building,  in  which  case  no  air  is  recirculated,  or  (3)  through  a 
combination  of  the  inside  and  the  outside  air  supply  systems, 

DESIGN  PROCEDURE 

The  design  of  a  furnace  heating  system  involves  the  determination 
of  the  following  items: 

1.  Heat  loss  in  Btu  from  each  room  in  the  building. 

2.  Area  and  diameter  in  inches  of  warm-air  pipes  in  basement  (known  as  leaders). 

3.  Area  and  dimensions  in  inches  of  vertical  pipes  (known  as  wall  stacks). 

4.  Free  and  gross  area  and  dimensions  in  inches  of  warm-air  registers. 

5.  Area  and  dimensions  of  recirculating  or  outside  air  ducts,  in  inches. 

6.  Free  and  gross  area  and  dimensions  in  inches  of  recirculating  registers. 


1A11  figures  and  much  of  the  engineering  data  which  follow  are  from  University  of  Illinois,  Engineering 
Experiment  Station  Bulletins  Nos.  141,  1SS,  189  and  246;  Warm  Air  Furnaces  and  Heating  Systems,  by 
A.  C.  Willard.  A.  P.  Kratz,  V.  S.  Day,  and  S.  Konzo. 
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7.  Size  of  furnace  necessary  to  supply  the  warm  air  required  to  overcome  the  heat 
loss  from  the  building.   This  size  should  include  square  inches  of  leader  pipe  area  which 
the  furnace  must  supply.    It  is  also  desirable  to  call  for  a  minimum  bottom  fire-pot 
diameter  in  inches,  which  is  the  nominal  grate  diameter. 

8.  Area  and  dimensions  in  inches  of  chimney  and  smoke  pipe.    If  an  unlined  chimney 
is  to  be  used,  that  fact  should  be  made  clear. 

The  heat  loss  calculations  should  be  made  in  accordance  with  the 
procedure  outlined  in  Chapter  5,  taking  into  consideration  the  trans- 
mission losses  as  well  as  the  infiltration  losses. 

LEADER  PIPE  SIZES 

In  a  gravity  circulating  warm-air  furnace  system  the  size  of  the  leader 
to  a  given  room  depends  upon  the  temperature  of  the  warm  air  entering 
the  room  at  the  register,  A  reasonable  air  temperature  at  the  registers 
must,  therefore,  be  chosen  before  the  system  can  be  designed.  The 
National  Warm  Air  Heating  and  Air  Conditioning  Association  has  ap- 
proved an  air  temperature  of  175  F  at  the  registers  as  satisfactory  for 
design  purposes.  At  this  temperature,  the  heat-carrying  capacity  (heat 
available  above  70  F)  per  square  inch  of  leader  pipe  per  hour  for  first, 
second  or  third  floors  is  shown  by  Fig.  1  at  175  F  to  be  105,  170  and  208 
Btu,  respectively.  For  average  calculations,  the  values  111,  166  and  200 
will  simplify  the  work  and  may  be  satisfactorily  substituted  for  these 
heat-carrying  capacities.  If  H  represents  the  total  heat  to  be  supplied  any 
room,  the  resulting  equations  are: 

Leader  areas  for  first  floor,  square  inches  =  ryr  =  approximately  0.009H          (1) 

H 
Leader  areas  for  second  floor,  square  inches  =  r~g  =  approximately  0.0062?      (2) 

TT 

Leader  areas  for  third  floor,  square  inches  =  ^AA  "  approximately  0.005-H"        (3) 

In  designing  for  a  lower  warm-air  register  temperature,  say  160  F,  the 
factors  111,  166  and  200  become  80,  140  and  166  (Fig.  1  at  160  F),  and 
the  resulting  equations  are: 

H 
Leader  areas  for  first  floor,  square  inches  =  -^  =  approximately  0.0 12H          (4) 

TT 

Leader  areas  for  second  floor,  square  inches  =  r^  =  approximately  0.007H     (5) 

TT 

Leader  areas  for  third  floor,  square  inches  =  TT^  =  approximately  0.006-ET        (6) 

These  equations  are  applicable  to  straight  leaders  from  6  to  8  ft  in 
length.  Longer  leaders  must  be  thoroughly  insulated  or  the  vertical 
stacks  must  be  increased  in  area  as  discussed  under  wall  stacks.  If  some 
provision  is  not  made  for  these  longer  leaders,  the  air  temperature  may  be 
much  lower  than  anticipated  and  the  room  will  not  be  properly  heated. 

The  values  shown  in  Fig.  1  apply  only  to  the  case  where  the  straight, 
leader  pipe  is  8  ft  in  length  and  is  connected  to  stacks  whose  cross- 
sectional  area  is  approximately  75  per  cent  of  that  of  the  leader  pipe. 
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Any  deviation  from  these  conditions  requires  a  modification  of  the  con- 
stants used  in  Equations  1,  2,  and  3.  The  temperature  drop  in  leaders  of 
various  lengths  at  three  different  register  temperatures  is  shown  in  Fig.  2, 
and  should  be  used  to  obtain  new  register  temperatures,  lower  than  175  F, 
on  which  to  base  selections  from  the  curves  of  Fig.  1,  and  thereby  new 
constants  for  Equations  1,  2  and  3. 

Leader  sizes  should  in  general  be  not  less  than  those  obtained  by 
Equations  1  to  3  nor  should  leaders  less  than  8  in.  in  diameter  be  used. 
In  residences  requiring  a  leader  pipe  area  of  650  sq  in.  or  less,  it  is  advisable 
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o     •  Circular- radiator  furnace,  rectangular  duct 
-  °     •  Steel,  crescent-radiator  furnace 
A    A  Crab- radiator  furnace 

x  Electric  auxiliary  furnace  3*xl3*  stack 
©   <§)  Circular-radiator  furnace,  round  duct 
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FIG.  1.  VALUE  OF  SQUARE  INCH  OP  LBADEK  PIPE  AHEA  FOR  FIRST,  SECOND, 
AND  THIRD  FLOORS  FOR  SIMPLE  SYSTEM  HAVING  LEADERS  8  FT  IN  LENGTH 

to  use  two  or  more  leader  pipes  to  rooms  requiring  more  than  the  capacity 
of  a  12  in.  round  pipe.  It  is  not  considered  good  commercial  practice  to 
specify  diameters  except  in  whole  inches.  The  tops  of  all  leaders  should 
be  at  the  same  elevation  as  they  leave  the  furnace  bonnet,  and  from  this 
point  there  should  be  a  uniform  up-grade  of  1  in.  per  foot  of  run  in  all 
cases.  Leaders  over  12  ft  in  length  should  be  avoided  if  possible.  In 
cases  where  such  leaders  are  required,  the  use  of  a  larger  size  pipe,  than  Is 
required  by  the  application  of  the  equations,  smooth  transition  fittings, 
and  duct  insulation  are  recommended. 
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PROPORTIONING  WALL  STACKS 

The  wall  stack  for  an  upper  floor  should  be  made  not  less  than  70  per 
cent  of  the  area  of  the  leader.  In  cases  where  the  leader  is  short  and 
straight  as  was  the  case  for  Fig.  1,  such  a  practice  is  probably  justified, 
since  the  loss  (Fig.  3)  in  capacity  occasioned  by  the  smaller  stack  is  not 
serious  for  stacks  having  areas  in  excess  of  70  per  cent  of  the  leader  area. 
For  leaders  over  8  ft  in  length  or  for  leaders  which  are  not  straight,  the 
ratio  of  stack  area  to  leader  area  should  be  greater  than  70  per  cent  in 


8  12  16 

LENGTH  OF  LEADER  PIPE  IN  FT 

FIG.  2.  INFLUENCE  OF  LEADER  PIPE  LENGTH  ON 

TEMPERATURE  Loss  IN  AIR  FLOWING 

THROUGH  PIPE 


order  to  offset  the  greater  temperature  losses  (Fig.  2)  in  the  longer  leader. 
In  gravity  circulating  systems,  this  ratio  of  stack  to  leader  area  is  a  very 
important  matter. 

The  curves  in  Figs.  4  and  5  indicate  that  for  rooms  having  a  heat 
requirement  exceeding  approximately  9000  Btu  per  hour,  exceedingly 
high  register  temperatures  are  required  for  stacks  whose  width  is  less 
than  3J^  in.  For  such  requirements  either  multiple  stacks,  or  stacks 
having  larger  cross-sectional  area  (placed  in  6  in.  studding  spaces)  will 
be  required. 
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REGISTER  SELECTIONS 

The  registers  used  for  discharging  warm  air  into  the  rooms  should  have 
a^free  or  net  area  not  less  than  the  area  of  the  leader  in  the  same  run  of 
piping.  ^  The  free  area  should  be  at  least  70  per  cent  of  the  gross  area  of 
the  register.  No  upper-floor  register  should  be  wider  horizontally  than 
the  wall  stack,  and  it  should  be  placed  either  in  the  baseboard  or  side  wall, 
if  this  can  be  done  without  the  use  of  offsets.  First  floor  registers  may  be 
of  the  baseboard  or  floor  type,  with  the  former  location  preferred.  High 
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side  wall  locations  for  warm  air  registers  in  gravity  circulating  systems 
are  not  recommended  on  account  of  the  tendency  for  stratification  of  the 
air  in  the  room,  resulting  in  high  temperatures  at  the  ceiling. 


RECIRCULATINC  DUCTS  AND  GRILLES 

The  ducts  through  which  air  is  returned  to  the  furnace  should  be 
designed  to  minimize  friction  and  turbulence.  They  should  be  of  ample 
area,  equal  to  or  slightly  in  excess  of  the  total  area  of  warm-air  pipes,  and 
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at  all  points  where  the  air  stream  must  change  direction  or  shape,  stream- 
line fittings  should  be  employed.  Horizontal  ducts  should  pitch  at  least 
%  in.  per  foot  upward  from  the  furnace. 

The  recirculating  grilles  (or  registers)  should  have  a  free  area  at  least 
equal  to  the  ducts  to  which  they  connect,  and  their  free  area  should 
never  be  less  than  50  per  cent  of  their  gross  area. 

The  location  and  number  of  return  grilles  will  depend  on  the  size,  details 
and  exposure  of  the  house.  Small  compactly  built  houses  may  frequently 
be  adequately  served  by  a  single  return  effectively  placed  in  a  central  hall. 
More  often  it  is  desirable  to  have  two  or  more  returns,  provided,  however, 
that  in  two-story  residences  one  return  is  placed  to  effectively  receive  the 
cold  air  returning  by  way  of  the  stairs. 
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FIG.  4.    HEATING  EFFECT  AT  REGISTERS  FOR  VARIOUS  STACKS  WITH  10-ix.  LEADER 


Where  a  divided  system  of  two  or  more  returns  is  used,  the  grilles 
must  be  placed  to  serve  the  maximum  area  of  cold  wall  or  windows. 
Thus  in  rooms  having  only  small  windows  the  grille  should  be  brought 
as  close  to  the  furnace  as  possible,  but  if  the  room  has  a  bay  window, 
French  doors,  or  other  large  sources  of  cooling  or  leakage  of  cold  air,  the 
grille  should  be  placed  close  by,  so  as  to  collect  the  cool  air  and  prevent 
drafts.  When  long  ducts  of  this  type  are  employed  they  must  be  made 
oversize.  This  precaution  is  particularly  important  when  long  ducts  and 
short  ducts  are  used  in  the  same  system.  The  long  ducts  must  be  over- 
size, if  they  are  to  operate  satisfactorily  in  parallel  with  short  ducts. 

Return  ducts  from  upstairs  rooms  may  be  necessary  in  apartments 
or  other  spaces  which  are  closed  off  or  badly  exposed.  Metal  linings  are 
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advisable  in  such  ducts.  It  is  important  that  these  ducts  be  free  from 
unnecessary  friction  and  turbulence,  and  that  they  be  located  to  prevent 
preheating  of  the  air  before  it  reaches  the  furnace. 

Furnace  Return  Connection 

Circulation  of  the  air  is  accelerated  if  the  return  connection  to  the 
furnace  is  through  a  round  inclined  pipe  connected  to  two  45  deg  elbows 
rather  than  through  a  vertical  pipe  connected  to  two  90  deg  elbows. 
The  top  of  the  return  shoe  should  enter  the  casing  below  the  level  of  the 
grate  in  the  furnace.  In  order  to  accomplish  this  the  shoe  must  be  wide 
as  is  indicated  in  Fig.  6,  No.  1  arrangement. 

Tests  of  six  different  systems  of  cold  air  returns,  Fig.  6,  made  at  the 
University  of  Illinois2,  resulted  in  the  following  conclusions: 
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FIG.  5.    HEATING  EFFECT  AT  REGISTERS  FOR  VARIOUS  STACKS  WITH  S-IN.  LEADER 

1.  In  general,  somewhat  better  room  temperature  conditions  may  be  obtained  by 
returning  the  air  from  positions  near  the  cold  walls. 

2.  Friction  and  turbulence  in  elaborate  return  duct  systems  retard  the  flow  of  air, 
and  may  seriously  reduce  furnace  efficiency,  and  lessen  the  advantages  of  such  a  design. 

3.  The  cross-sectional  duct  area  is  not  the  only  measure  of  effectiveness.    Friction 
and  turbulence  may  operate  to  make  the  air  flow  out  of  all  proportion  to  the  various 
duct  areas. 

FURNACE  CAPACITY 

The  size  of  furnace  should,  of  course,  be  such  as  will  provide  the 
necessary  air  heating  capacity,  usually  expressed  in  square  inches  of 
leader  pipe  area,  and  at  the  same  time  provide  a  grate  of  the  proper  area 
to  burn  the  necessary  fuel  at  a  reasonable  chimney  draft.  The  total  leader 
pipe  area  required  is  obtained  by  finding  the  sum  of  the  leader  pipe  areas 
as  already  designated. 

•Inrcstisatioii  of  Warm  Air  Furnaces  and  Heating  Systems,  Part  IV,  by  A.  C.  Willard,  A.  P.  Kiate,  and 
V.  S.  Day  (University  of  Illinois,  Engineering  Experiment  .Sttrtfen  BvMettn  No.  189). 
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The  grate  area  will  depend  on  several  factors  of  which  four  are  very 
important.  First  of  all,  the  air  temperature  at  the  register  for  which 
the  plant  has  been  designed  must  be  determined.  Usually,  this  tempera- 
ture is  taken  at  175  F.  Second  in  importance  is  the  combustion  rate, 
which  must  always  correspond  with  the  register  air  temperature,  as  is  shown 
by  a  set  of  typical  furnace  performance  curves  (Fig.  7)  for^a  cast-iron, 
circular  radiator  furnace  with  a  23  in.  diameter  grate  and  50  in.  diameter 
casing.  The  third  factor  is  efficiency,  which  is  a  function  of  the  com- 
bustion rate,  and  varies  with  it  as  shown  by  the  efficiency  curve  of  Fig.  7. 
The  fourth  factor  is  the  heat  value  per  pound  of  fuel  burned,  which  was 
12,790  Btu.  This  is  not  shown  on  the  curves  since  it  was  constant  for  all 
combustion  rates. 


No.  1 


No.  2 


No.  3 


No.  4  No.  5  No.  6 

FIG.  6.  ARRANGEMENT  OF  COLD  AIR  RETURNS  FOR  Six  INSTALLATIONS 


It  may  be  noted  from  Fig.  7  that  for  this  particular  furnace  a  register 
temperature  of  175  F  was  accompanied  by  a  combustion  rate  of  approxi- 
mately 7.5  Ib  per  square  foot  per  hour,  a  capacity  at  the  bonnet  of  152,000 
Btu  per  hour  and  a  furnace  efficiency  of  58  per  cent.  Under  these  con- 
ditions the  capacity  at  the  bonnet  per  square  foot  of  grate  was  equivalent 
to  a  value  of  52,800  Btu  per  hour  and  per  square  inch  of  grate  was  equi- 
valent to  367  Btu  per  hour.  If  it  is  desired  to  use  these  curves  to  select 
a  furnace  to  deliver  air  at  175  F  register  temperature  in  a  house  where 
the  total  heat  loss  is  H  Btu  per  hour  and  the  loss  between  the  furnace  and 
the  registers  is  0.25  H  Btu  per  hour,  the  area  of  the  grate  in  square  inches 

will  be  ^S^  =  0.0034  H. 


367 

If,  on  the  other  hand,  it  is  desired  to  select  a  furnace  to  deliver  air  at 
160  F  register  temperature,  the  combustion  rate  is  5.5  Ib  and  the  efficiency 
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of  the  furnace  is  62  per  cent.  Under  this  condition  the  capacity  at  the 
furnace  bonnet  per  square  foot  of  grate  is  43,200  Btu  per  hour  and  per 
square  inch  of  grate  is  300  Btu  per  hour,  the  required  area  of  the  grate  in 

1   OK    ZT 

square  inches  in  this  case  will  be    'Qrtn      =  0.0042  H.      It  should  be 

oUU 

noted  that  a  larger  grate  area  is  required  if  the  furnace  is  to  deliver  air 
at  a  lower  register  temperature. 

The  typical  performance  curves  shown  in  Fig.  7  are  not  applicable  to 
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FIG.  7.     TYPICAL  PERFORMANCE  CURVES  FOR  A  WARM-AIR  FURNACE  AND  INSTALLATION 
IN  A  THREE-STORY  TEN  LEADER  PLANT,  OPERATING  ON  RECIRCULATED  AIR 

all  furnaces  and  hence  for  ordinary  design  purposes  the  values  recom- 
mended in  the  Standard  Code3  should  be  used.  The  equation  for  a 
furnace  having  a  ratio  of  heating  surface  to  grate  area  of  20  to  1  is  equal  to : 


0.866 


144 


(7) 


*Standard  Gravity  Code  for  the  Design  and  Installation  of  Gravity  Warm  Air  Heating  Systems  in 
Residences.  This  code  has  been  sponsored  by  the  National  Warm  Air  Heating  and  Air  Conditioning  Associ- 
ation, the  National  Association  of  Sheet  Metal  Contractors,  and  the  AMERICAN  SOCIETY  OF  HEATING  AND 
VENTILATING  ENGINEERS.  It  is  recommended  that  the  installation  of  all  gravity  warm  air  heating  systems 
in  residences  be  governed  by  the  provisions  of  this  code,  the  tenth  edition  of  -which  may  be  obtained  from 
the  National  Warm  Air  Heating  and  Air  Conditioning  Association,  5  E.  Long  St.,  Columbus,  Ohio. 

353- 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


FIG.  8.    BASEMENT  PLAN,  RESEARCH  RESIDENCE 


FIG.  9.  Fntsx  FLOO*  PLAN,  RESEAUCH  RESIDENCE 
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where 

G  =  grate  area,  square  inch. 

p  =  combustion  rate,  pound  coal  per  square  foot  of  grate  per  hour. 
/  =  heating  value  of  the  coal,  Btu  per  pound. 

Ei  =  efficiency  at  bonnet,  ratio  of  heat  delivered  at  bonnet  to  heat  developed  In 
furnace. 

E%  =  efficiency  of  duct  transmission,  ratio  of  heat  delivered  at  register  to  heat 

delivered  at  bonnet. 
0.866  =  factor  of  safety  to  allow  for  contingencies  under  service  conditions  such  as 

accumulations  of  soot  and  ashes,  ineffective  firing  methods,  etc. 
H  =  total  heat  loss  from  structure. 

An  addition  of  2  per  cent  of  the  furnace  capacity  Is  proposed  for  each 
unit  when-  the  ratio  of  heating  surface  to  grate  area  exceeds  20.  This 
addition  is  based  on  tests4  conducted  at  the  University  of  Illinois  on 
seven  types  of  furnaces  having  varying  ratios  of  heating  surface  to  grate 
area.  This  correction  does  not,  however,  apply  to  values  of  the  ratio  less 
than  15  nor  greater  than  30. 

By  transposing  the  terms  in  Equation  7  and  adding  the  correction  term 
for  ratios  of  heating  surface  to  grate  area  other  than  20  to  1,  the  following 
equation  is  obtained: 

144  XH  _  .. 

EiX&X  0.866  [1  +  0.02  (12-20)1 


in  which  R  =  ratio  of  heating  surface  to  grate  area. 

In  the  case  of  the  Standard  Code5  the  numerical  values  used  in  Equa- 
tion 8  were  based  on  those  determined  from  the  tests  conducted  on  the 
different  types  of  furnaces. 

r  _  _  14*  XH  _  m 

7.5  X  12,790  X  0.55  X  0.75  X  0.866  [1  +  0.02  (£-20)]  ^  ' 

S~  0.00*205  [1  +  0.M(*-20)]  (10> 

As  used  in  these  calculations,  H  =  Btu  heat  loss  from  the  entire  house 
per  hour  =  summation  of  all  room  losses  HI  +  H*  +  etc.  +  the  Btu 
necessary  to  heat  the  outside  air,  if  any,  at  intake.  This  outside  air  loss  hi 
Btu  per  hour  will  be  approximately  1.27  times  the  cubic  feet  of  air 
admitted  through  the  intake  per  hour  on  a  zero  day.  For  systems  which 
recirculate  all  tie  air  this  value  will  be  zero.  For  systems  which  have  an 
outside  air  intake,  controlled  by  damper,  this  value  might  well  be  approxi- 
mated, since  this  loss  will  probably  be  reduced  to  a  minimum  on  a  zero 
day.  Assume  for  such  cases  that  the  building  loss  is  increased  by  25  per 
cent,  and  that  there  is  the  usual  25  per  cent  loss  between  furnace  and 
registers. 

TYPICAL  DESIGN 

The  application  of  the  preceding  data  to  an  actual  example  may  be  of 
assistance  to  the  designer.  Figs.  8,  9,  10  and  11  represent  the  plans  of 


'University  of  Iffinoia,  Engineering  Experiment  Station  Bulletin  No.  246,  by  A.  C.  Wfllard.  A.  P.  Krat*. 
and  S.  Konzo,  Chapter  X,  pp.  126-146. 
•Loc.  Cit.  Note  3. 
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FIG.  10.   SECOND  FLOOR  PLAN,  RESEARCH  RESIDENCE 


FIG.  11.    THIRD  FLOOR  PLAN,  RESEARCH  RESIDENCE 
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the  Warm  Air  Research  Residence  of  the  National  Warm  Air  Heating 
and  Air  Conditioning  Association  erected  at  the  University  of  Illinois6. 

Leaders,  Stacks  and  Registers.    (Direct  Method) 

Living  Room,  1st  floor: 

17,250  -i-  111  =  155  sq  in.  leader  area.    See  summary  Table  1;  also  see  Art.  3  Sec.  1 
of  the  Standard  Gravity  Code7. 

Leader  diameter  =  14  in. 

Register  size  =  155  sq  in.  net  area.    Gross  area  =  net  area  -5-  0.7  =  14  in.  X  16  in. 

Owner's  Room,  £nd  floor: 

15,030  -s-  167  =  90  sq  in.  leader  area.    See  summary  Table  1;  also  see  Art.  3  Sec.  2 
of  the  Standard  Gravity  Code7. 

Leader  diameter  =  11.4,  say  12  in. 

Stack  area  =  0.7  X  90  =  63  sq  in.  =  say  5  in.  X  12  in. 

Register  area        =  90  sq  in.  net  area.    Gross  area  —  net  area  -5-  0.7  =  12  X  12 
or  12  in.  X  14  in. 

In  like  manner  the  leaders,  stacks  and  registers  are  calculated  for  each 
room  in  the  house. 

Leaders,  Stacks  and  Registers.    (Code7  Method.  See  Art.  3,  Sec.  1,  2,  3) 

Living  Room  (Glass  =  90,  Net  wall  -  405,  Cubic  contents  =  2405) 

T      ,  /    90          405    .     2405 

Leader 


Register,  same  as  Direct  Method. 

Owner's  Room  (Glass  =  68,  Net  wall  =  394,  Cubic  contents  =  2275) 

T      .  /    68      ,    394    ,     2275 

Leader=s  (12^  +  ^57  + 

Stack  and  Register,  same  as  Direct  Method. 

Assuming  all  air  recirculated,  the  minimum  furnace  for  the  plant 
will  be: 

Grate  area  =  0.0042  X  132,370  =  556  sq  in. 
Use  27  in.  diameter  grate.    (Equation  10.) 

If  provision  should  be  made  for  certain  outside  air  circulation,  then 
increase  the  building  heat  loss  by,  say,  25  per  cent  and  obtain  by  Equation 
10  a  30  in.  grate. 

Experiments  at  the  University  of  Illinois8  have  shown  that  the  capacity 
of  a  furnace  may  be  increased  nearly  three  times  by  an  adequate  fan, 
with  a  constant  register  or  delivery  temperature  maintained,  provided 
that  the  rate  of  fuel  consumption  can  be  increased  to  provide  the  necessary 
heat.  In  other  words,  the  capacity  of  a  forced  circulation  system  is  limited 
by  the  ability  of  the  chimney  to  produce  a  sufficient  draft,  and  the  ability 
of  the  fan  to  deliver  an  adequate  amount  of  air. 


'Plans  used  with  permission.    Bathroom  on  third  floor  not  heated. 

*Loc.  Cit.  Note  3. 

•University  of  Illinois,  Engineering  Experiment  Station  Bulletin  No.  120,  p.  129. 
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TABLE  1.   SUMMARY  OF  DATA  APPLIED  TO  WARM  AIR  RESEARCH  RESIDENCE 


From 

Rooms 

Chapter  7 
Estimating 
Heat  Losses 
Btu 

Leader 
Area 
Sq  In. 

Stack  Area 
Sq  In. 
0.7  X  LA 

Leader 
Diameter 
Inches 

Stack 
Size 

Net 

Register 
Size 
Gross 

Heat  Losses 

H 

First  Floor 

-  0.0095" 

T,jvinp> 

17250 

155 

14 

14  X  16 

Din  in? 

6810 

61 

9 

8  X  12 

Breakfast  

2300 

21 

8 

8X10 

Kitchen. 

9210 

83 

11  or  12 

12  X  14 

Sun 

25710 

230 

Two  12 

Two  12  X  14 

If  all  and  stair 

12570 

113 

12 

12  X  14 

Second  Floor 

=  Q.006H- 

Owner's  

15030 

90 

63 

11  or  12 

5X12 

12  X  14 

S.  W.  Bed  

9800 

59 

41 

9 

3JiX12 

8X  12 

Bath  

2450 

15 

10 

8 

3X10 

8X10 

N.  Bed  

14800 

89 

62 

11  or  12 

5X  12 

12X14 

Third  Floor 

=  0.005H 

E.  Bed  

8220 

41 

29 

8 

3X10 

8X10 

W.  Bed  

8220 

41 

29 

8 

3X10 

8X10 

BOOSTER  FANS 

Booster  fans  often  may  be  arranged  to  operate  when  gas  or  oil  burners 
are  running  and  to  stop  automatically  when  the  burners  shut  down.  The 
booster  equipment  is  most  effective  in  increasing  output  at  low  operating 
temperatures.  According  to  tests,  efficiencies  may  be  advanced  from  60 
per  cent  for  gravity  to  70  per  cent  with  boosters  at  low  operating  tem- 
peratures, but  at  high  operating  temperatures  gravity  and  booster 
efficiencies  are  almost  identical*. 


•University  of  Illinois,  Engineering  Experiment  Station  Bulletin  No.  141,  p.  79,  and  No.  246. 
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Chapter  19 

MECHANICAL  WARM  AIR  FURNACE  SYSTEMS 

Furnaces,  Fans  and  Motors,  Sound  Control*  Sprays  and  Filters, 
Air  Distribution  Design,  Automatic  Controls,  Design  of  Heat- 
ing System,  Selecting  the  Furnace,  Selecting  the  Fan,  Heavy 
Duty  Fan  Furnaces,  Humidification*  Cooling  Methods,  Cooling 
System  Design 


s1,  which  are  a 

JLVJl  special  type  of  central  fan  systems,  are  particularly  adapted  to 
residences,  small  office  buildings,  stores,  banks,  schbpls,  and  churches. 
Circulation  of  air  is  effected  by  motor-driven  fans  instead  of  by  the 
difference  in  weight  between  the  heated  air  leaving  the  top  of  the  casing 
and  the  cooled  air  entering  its  bottom,  as  in  gravity  systems  described  in 
Chapter  18.  The  advantages  of  mechanical  systems,  as  compared  with 
gravity  systems  are: 

1.  The  furnace  can  be  installed  in  a  corner  of  the  basement,  leaving  more  basement 
room  available  for  other  purposes. 

2.  Basement  distribution  piping  can  be  made  smaller  and  can  be  so  installed  as  to 
give  full  head  room  in  all  parts  of  the  average  basement,  or  be  completely  concealed 
from  view  except  in  the  furnace  room. 

3.  Circulation  of  air  is  positive,  and  in  a  properly  designed  system  can  be  balanced  in- 
such  a  way  as  to  give  a  greater  uniformity  of  temperature  distribution. 

4.  Humidity  control  is  more  readily  attained. 

5.  The  air  may  be  cleaned  by  sprays  or  filters,  or  both. 

^6.  The  fan  and  duct  equipment  may^be  utilized  for  a  complete  cooling  and  dehumidi- 
fying  system  for  summer,  using  either  ice,  mechanical  refrigeration,  or  low  temperature 
water  for  cooling  and  dehumidifying,  or  adsorbers  for  dehumidifying. 

7.  The  use  of  the  fan  increases  the  volume  of  air  which  can  be  handled,  thereby 
increasing  the  rate  of  heat  extraction  from  a  given  amount  of  heating  surface  and 
insuring  sufficient  air  volume  to  obtain  proper  distribution  in  a  large  room. 

Much  of  the  equipment  used  in  central  fan  systems  is  the  subject  matter 
of  other  chapters.  It  is  the  purpose  of  this  chapter  to  discuss  the  co- 
ordinated design  and  to  deal  in  detail  only  with  problems  not  covered 
elsewhere  which  refer  particularly  to  the  whole  problem  of  fan  warm  air 
furnace  heating  and  air  conditioning. 


*See  University  of  Illinois  Engineering  Experiment  Station  Bvttain  No.  266  by  A.  P.  Kratz  and  S.  Konzo 
for  details  of  testa  conducted  in  Warm  Air  Research  Residence. 
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FURNACES 

Furnaces  for  mechanical  warm  air  systems  may  be  made  of  cast-iron, 
steel,  or  alloy.  Cast-iron  furnaces  are  usually  made  in  sections  and  must 
be  assembled  and  cemented  or  bolted  together  on  the  job.  Steel  furnaces 
are  made  with  welded  or  riveted  seams.  The  proper  design  of  the  furnace 
depends  largely  on  the  kind  of  fuel  to  be  burned.  Accordingly,  various 
manufacturers  are  making  special  units  for  coal,  oil  and  gas.  Each  type 
of  fuel  requires  a  distinct  type  of  furnace  for  highest  efficiency  and  econ- 
omy, substantially  as  follows: 

1.  Coal  Burning: 

a.  Bituminous — Large  combustion  space  with  easily  accessible  secondary  radiator 
or  flue  travel. 

b.  Anthracite  or  coke — Large  fire  box  capacity  and  liberal  secondary  heating 
surfaces. 

2.  Oil  Burning: 

a.  Liberal  combustion  space. 

5.  Long  fire  travel  and  extensive  heating  surface. 

3.  Gas  Burning: 

a.  Extensive  heating  surface. 

b.  Close  contact  between  flame  and  heating  surface. 

A  combustion  rate  of  from  5  to  8  Ib  of  coal  per  square  foot  of  grate  per 
hour  is  recommended  for  residential  heaters.  A  higher  combustion  rate  is 
permissible  with  larger  furnaces  for  buildings  other  than  residences, 
depending  upon  the  ratio  of  grate  surface  to  heating  surface,  firing  period, 
and  available  draft. 

Where  oil  fuel  is  used,  care  must  be  exercised  in  selecting  the  proper  size 
and  type  of  burner  for  the  particular  size  and  type  of  furnace  used.  It  is 
recommended  that  the  system  be  designed  for  blow-through  installations, 
so  that  the  furnace  shall  be  under  external  pressure  in  order  to  minimize 
the  possibility  of  leakage  of  the  products  of  combustion  into  the  air 
circulating  system. 

In  residential  furnaces  for  coal  burning,  the  ratio  of  heating  surface  to 
grate  area  will  average  about  20  to  1 ;  in  commercial  sizes  it  may  run  as 
high  as  50  to  1,  depending  on  fuel  and  draft.  Furnaces  may  be  installed 
singly,  each  furnace  with  its  own  fan,  or  in  batteries  of  any  number  of 
furnaces,  using  one  or  more  fans. 

Furnace  Casings 

Casings  are  usually  constructed  of  galvanized  iron,  26-gage  or  heavier, 
but  they  may  also  be  constructed  of  brick.  Galvanized  iron  casings  should 
be  lined  with  sheet  iron  liners,  extending  from  the  grate  level  to  the  top  of 
the  furnace  and  spaced  from  1  in.  to  1 J^  in.  from  the  outer  casing.  Casings 
for  commercial  or  heavy  duty  furnaces,  if  built  of  galvanized  iron,  should 
be  Insulated  with  fireproof  insulating  material  at  least  2  in.  thick.  It  is 
generally  believed  that  either  brick  or  sheet  metal  casing  should  be 
equipped  with  baffles  to  secure  impingement  of  the  air  to  be  heated 
against  the  heating  surfaces.  Brick  furnace  casings  should  be  supplied 
with  access  doors  for  inspection. 

For  furnace  casings  sized  for  gravity  flow  of  air,  where  a  fan  is  to  be 
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used,  some  form  of  baffling  must  be  employed  if  the  desired  results  are 
to  be  expected.  Many  manufacturers  recommend  the  use  of  special 
baffles  to  restrict  the  free  area  within  the  casing  and  to  force  impingement 
of  the  air  against  the  heating  surfaces.  A  method  for  making  these 
baffles  for  furnaces  with  top  horseshoe  radiators  and  for  furnaces  with 
back  crescent  radiators  is  illustrated  in  Fig.  1. 

Either  square  or  round  casings  may  be  used.    Where  square  casings  are 


FIG.  1.    USUAL  METHOD  OF  BAFFLING  ROUND  CASINGS  FOR  FAN  FURNACE  WORK 

A.    Liner,  1  in.  from  casing.     B.    Hole  to  vent  baffle. 
C.    Baffle,  closed  top  and  bottom.      D.    Outer  casing. 


FIG.  2.  METHOD  OF  BAFFLING  SQUARE  FURNACE  CASING  FOR  FAN  FURNACE  WORK 


A.  Baffle,  dosed  top  and  bottom, 
casing.       C.    Outer  casing,      D. 


B.  Liner,  1  in.  from 
Hole  to  vent  baffle. 


used,  the  corners  must  be  baffled  to  reduce  the  net  free  area  and  to  force 
impingement  of  air  against  the  heating  surfaces.  Fig.  2  shows  a  satis- 
factory method  of  baffling  square  furnace  casings  for  fan  furnace  work. 
The  hood  or  bonnet  of  the  casing  above  the  furnace  should  be  as  high 
as  basement  conditions  will  allow,  to  form  a  plenum  chamber  over  the  top 
of  the  furnace.  This  tends  to  equalize  the  pressure  and  temperature  of  the 
air  leaving  the  bonnet  through  the  various  openings.  It  is  generally  con- 
sidered advisable  to  take  off  the  warm  air  pipes  from  the  side  of  the  bonnet 
near  the  topt  as  this  method  of  take-off  allows  the  use  of  a  higher  bonnet 
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and  thus  provides  a  larger  plenum  chamber.  Fig.  3  illustrates  a  complete 
residence  fan  furnace  installation  showing  location  of  fan,  furnace,  filters, 
plenum  chamber  and  method  of  take-off  of  warm  air  pipe. 

FANS  AND  MOTORS 

Centrifugal  type  fans  are  most  commonly  used,  and  these  may  be 
equipped  with  either  backward  or  forward  curved  blades.  Motors  may 
be  mounted  on  the  fan  shaft  or  outside  of  the  fan  with  belt  connection. 
Multi-speed  motors  or  pulleys  are  desirable  to  provide  a  factor  of  safety 
and  to  allow  for  increased  air  circulation.  For  additional  information 
on  fans  and  motors,  see  Chapters  29  and  35. 

RETURN  AIR  DUCTS 

•SUPPLY  DUCTS  TO  ROOMS 


REQRCULATING  DAMPER 


DIRECT  EXPANSION  COOLING  COIL- 


CONDENSING  WVTER  INLET. 


FRIGERATING  MACHINE 


CONDENSING  WATER  OUTLET 
FOR  SPRINKLING  OR  VASTE 


FIG.  3. 


COMPLETE  RESIDENCE  FAN  FURNACE  INSTALLATION  FOR 
WINTER  HEATING  AND  SUMMER  COOLING 


SOUND  CONTROL 

Special  attention  should  be  given  to  the  problem  of  noise  elimination. 
The  fan  housing  should  not  be  directly  connected  with  metal,  either  to  the 
furnace  casing  or  to  the  return  air  piping.  It  is  common  practice  to  use 
canvas  strips  in  making  these  connections.  Motors  and  their  mountings 
must  be  carefully  selected  for  quiet  operation.  Electrical  conduit  and 
water  piping  must  not  be  fastened  to,  nor  make  contact  with  fan  housing. 
The  installation  of  a  fan  directly  under  a  cold  air  grille  is  not  recommended 
on  account  of  the  noise  objection.  (See  also  Chapter  32.) 

FILTERS 

There  are  many  satisfactory  types  of  filters  on  the  market.  These 
include  dry  filters,  viscous  filters,  oil  filters  and  other  types,  some  of  which 
must  be  cleaned^ some  of  which  must  be  cleaned  and  recharged  with  oil, 
and  some  of  which  are  inexpensive  and  may  be  discarded  when  they 
become  dirty,  and  replaced  with  new  ones. 
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The  resistance  of  a  filter  must  be  considered  in  the  design  of  the  system 
since  the  resistance  rises  rapidly  as  the  filter  becomes  dirty,  thus  im- 
pairing the  heating  efficiency  of  the  furnace,  in  fact,  endangering  the  life 
of  the  furnace  itself.  Manufacturers'  ratings  of  filters  must  be  carefully 
regarded,  and  ample  filter  area  must  be  provided.  Filters  must  be 
replaced  or  cleaned  when  dirty.  (See  also  Chapter  28.) 

AIR  DISTRIBUTION 

The  conditions  of  comfort  obtained  in  a  room  are  greatly  influenced 
by  the  type  of  register  used  and  the  locations  of  the  supply  registers  and 
return  grilles.  In  general  it  has  been  found  that  changes  in  the  type,  air 
velocity,  and  location  of  the  supply  register  affect  the  room  conditions 
much  more  than  the  changes  in  the  location  of  the  return  grilles.  Due  to 
the  economic  considerations  involved,  it  is  common  practice  to  locate  the 
supply  openings  on  the  inside  walls  of  a  residence  and  the  return  openings 
nearest  the  greatest  outside  exposure.  Many  designers  prefer,  however, 
to  locate  the  supply  registers  so  that  the  warm  air  from  the  registers 
blankets  a  cold  wall,  and  "mixes  with  the  cold  air  dropping  off  from  the 
exposed  walls.  This  may  be  accomplished  by  the  use  of  a  supply  register 
placed  close  to  an  outside  wall  in  such  a  position  that  the  warm  air  sweeps 
the  cold  wall  surface.  The  ducts  leading  to  supply  registers  which  are 
located  on  exposed  walls  should  be  adequately  insulated  to  reduce  the 
heat  loss  from  the  ducts. 

Register  and  Grille  Openings 

Supply  registers  located  in  the  floor  are  effective,  but  as  they  require 
frequent  attention  to  keep  them  clean  they  should  be  avoided  where 
another  effective  register  location  can  be  found.  Tests  conducted  in  the 
Warm  Air  Research  Residence2  have  indicated  that  excellent  results  are 
obtainable  with  either  high  side  wall  or  baseboard  registers,  providing 
a  reasonable  amount  of  precaution  is  employed.  Baseboard  registers 
should  be  of  a  deflecting-diffuser  type  which  throws  the  air  downward 
toward  the  floor  and  diffuses  it  at  the  same  time.  Register  air  tempera- 
tures under  125  F  and  air  velocities  over  500  fpm  should  be  avoided  as 
they  may  cause  drafts. 

High  side  wall  registers  must  be  of  such  type  that  the  air  is  delivered 
horizontally  or  in  a  slightly  downward  direction,  and  must  be  so  located 
as  to  avoid  impingement  of  air  on  ceiling  or  wall.  Directional  flow 
diffusing  type  should  be  used  to  insure  best  results.  Register  air  velocities 
should  be  such  that  the  air  stream  carries  to  the  opposite  exposure. 
Velocities  under  500  fpm  are  not  recommended.  Register  air  tempera- 
tures under  125  F  are  not  objectionable.  In  fact,  when  cooling  is  desired, 
better  air  distribution  is  obtained  with  high  side  wall  registers. 

Unless  registers,  regardless  of  their  location,  are  well  proportioned  and 
designed  as  well  as  decorated  to  harmonize  with  the  trim,  they  may 
be  unsightly.  All  registers  should  be  equipped  with  dampers  and  must 
be  sealed  against  leakage  around  the  borders  or  margins. 


*Loc.  CIt.  Note  1. 
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Velocities  through  registers  may  be  reduced  by  the  use  of  registers 
larger  than  the  connecting  pipes.  Some  suggestions  for  equalizing  veloci- 
ties over  the  face  area  of  the  register  by  means  of  diffusers  are  illustrated 
in  Fig*  4.  Merely  to  use  a  larger  register  may  not  result  in  materially 
reduced  velocities  unless  diffusers  are  used. 


FIG.  4.    DIFFUSERS  IN  TRANSITION  FITTINGS  TO  EQUALIZE  VELOCITIES 
THROUGH  REGISTER  FACES 

Dampers 

Suitable  dampers  are  essential  to  any  trunk  or  individual  duct  system, 
as  it  is  virtually  impossible  to  so  lay  out  a  system  that  it  will  be  absolutely 
in  balance  without  the  use  of  dampers.  Special  care  must  be  used  in  the 
design  of  any  system  to  avoid  turbulence  and  to  minimize  resistance. 
Sharp  elbows,  angles,  and  offsets  should  be  avoided.  (See  Fig.  4, 
Chapter  31.) 


A 
Volume 


D 
Squeeze 

FIG.  5.   THREE  TYPES  OF  DAMPERS  COMMONLY  USED  FOR  TRUNK  AND  INDIVIDUAL 

DUCT  SYSTEMS 

Three  types  of  dampers  are  commonly  used  in  trunk  and  individual 
duct  systems.  Volume  dampers  are  used  to  completely  cut  off  or  reduce 
the  flow  through  pipes.  (See  A  and  B,  Fig.  5.)  Splitter  dampers  are  used 
where  a  branch  is  taken  off  from  a  main  trunk.  (See  C,  Fig.  5.)  Squeeze 
dampers  are  used  for  adjusting  the  volume  of  air  flow  and  resistance 
through  a  given  duct.  (See  D,  Fig.  5.)  It  is  essential  that  a  damper  be 
provided  for  each  main  or  duct  branch.  A  positive  locking  device  should 
be  used  with  each  type  of  damper. 
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Ducts 

The  ducts  may  be  either  round  or  rectangular.  The  radii  of  elbows 
should  be  not  less  than  one  and  one-half  times  the  pipe  diameter  for 
round  pipes,  or  the  equivalent  round  pipe  size  in  the  case  of  rectangular 
ducts. 

AUTOMATIC  CONTROLS 

Air  stratification,  high  bonnet  temperatures,  excessive  flue  gas  tem- 
peratures, and  heat  overrun  or  lag  in  a  properly  designed  system  can  be 
largely  eliminated  through  proper  care  in  the  planning  and  installation 
of  the  control  system3.  The  essential  requirements  of  the  control  are: 

1.  To  keep  the  fire  burning  when  using  solid  fuel  regardless  of  the  weather. 

2.  To  avoid  excessive  bonnet  temperatures  with  resultant  radiant  heat  losses  into  the 
basement. 

3.  To  avoid  the  overheating  of  certain  rooms  through  gravity  action  during  off 
periods  of  blower  operation, 

4.  To  have  a  sufficient  supply  of  heat  available  at  all  times  to  avoid  lag  when  the 
room  thermostat  calls  for  heat. 

5.  To  prevent  cold  air  delivery  when  heat  supply  is  insufficient. 

6.  To  avoid  heat  loss  through  the  chimney  by  keeping  stack  temperatures  low. 

7.  To  provide  quick  response  to  the  thermostat,  with  protection  against  overrun. 

8.  To  provide  for  humidity  control. 

9.  To  provide  a  means  of  summer  control  of  cooling. 
10.  To  protect  against  fire  hazards. 

The  following  controls  are  desirable: 

1.  A  thermostat  located  at  a  point  where  maximum  fluctuation  in  temperature  can  be 
expected,  in  order  to  secure  frequent  operation  of  fans,  drafts,  and  burners.   This  location 
would  be  near  an  outside  wall  but  not  upon  it,  in  a  sun  room,  or  in  a  room  with  some 
unusual  exposure.    The  thermostat,  of  course,  should  not  be  located  where  it  will  be 
affected  by  direct  radiant  heat  from  the  sun  or  from  a  fireplace,  or  by  direct  heat  from 
any  warm  air  duct  or  register. 

2.  A  thermostatic  blower  switch  located  in  the  bonnet  to  permit  blower  operation  only 
between  the  temperatures  of  100  F  and  150  F.     In  certain  extreme  cases  it  may  be 
necessary,  or  weather  conditions  may  make  it  advisable,  to  adjust  the  high  limit  to  a 
higher  temperature  than  that  given.    Another  location  sometimes  used  for  the  blower 
switch  is  in  the  main  duct  near  the  frame  opening  from  the  bonnet. 

3.  A  protective  Hmit  control  located  in  the  bonnet  to  shut  down  the  system  inde- 
pendently of  the  thermostat  if  the  bonnet  temperature  exceeds  200  F. 

4.  On  oil  and  gas  burner  installations,  a  control  should  be  included  which  will  shut 
down  the  system  if  the  fire  goes  out  or  if  there  is  a  failure  of  the  ignition  system. 

5.  A  humidistat  to  regulate  the  moisture  supplied  to  the  rooms. 

6.  On  automatic  stoker  installations,  a  control  is  usually  included  which  will  start 
the  operation  regardless  of  thermostat  settings  whenever  ^  the  bonnet  temperature 
indicates  that  the  fire  is  dying,  or  a  time  interval  contactor  is  used  that  will  start  the 
stoker  to  run  a  predetermined  length  of  time  at  predetermined  intervals. 

METHOD  OF  DESIGNING  FORCED-AIR  HEATING  SYSTEMS 

1.  Determine  heat  loss  from  each  room  in  Btu  per  hour.    (See  Chapter  5.) 

2.  Locate  warm  air  registers  and  return  registers  on  plans  of  house,  beginning  with 
the  upper  story  rooms. 


^Automatic  Controls  for  Forced-Air  Heating  Systems,  by  S.  Konzo  and  A.  F.  Hnbbard  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  40,  1934,  p.  37). 
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3.  Sketch  in  duct  layout  to  connect  all  registers  and  grilles  with  the  central  unit. 

4.  Determine  equivalent  length  of  duct  for  each  register,  allowing  10  diameters  of 
straight  pipe  as  equivalent  to  each  90  deg  elbow  having  an  inner  radius  not  less  than  the 
diameter  of  the  round  pipe  or  the  depth  of  the  rectangular  pipe. 

5.  Select  a  value  for  temperature  of  the  air  at  the  furnace  bonnet.  It  is  customary 
to  use  some  value  lying  between  150  to  165  F.  Use  lower  value  if  larger  number  of  air 
recirculations  is  desired.  It  is  recommended  that  the  number  of  air  recirculations  should 
be  in  excess  of  5  per  hour. 

6.  Determine  approximate  value  of  temperature  reduction  in  each  duct  caused  by 
heat  loss  from  the  ducts.    A  value  of  from  0.3  to  0.6  F  per  foot  of  duct  has  been  obtained 
from  tests  conducted  in  the  Research  Residence  installation  for  uninsulated  duct  lengths 
up  to  approximately  60  ft. 

7.  Subtract  this  temperature  reduction  from  the  assumed  bonnet  air  temperature 
to  obtain  an  approximate  value  of  the  register  air  temperature  for  each  register. 

8.  Determine  the  required  air  volume  for  each  room  from  the  following  equation, 
or  from  the  values  listed  in  Table  1 : 

H 


*       60  X  0.24  X  d  fa  -  65)  w 

where 

Q  =  required  air  volume,  cubic  feet  per  minute. 
H  *  heat  loss  of  room,  Btu  per  hour. 

d  =  density  of  air  at  register  temperature,  pounds  per  cubic  foot. 

k  *=  register  temperature,  degrees  Fahrenheit. 
0.24  =  specific  heat  of  air. 
65  =  return  air  temperature. 

For  any  given  register  temperature  the  solution  of  this  equation  simplifies  to  the 
following  form: 

Q  =  H  X  Factor  (2) 

in  which  the  values  of  the  Factor  may  be  obtained  from  Table  1. 

9.  Determine  register  size  from  the  air  volume  delivered  to  each  room  by  the 
following  formula: 

Free  area  of  register,  square  feet  —  -~-  (3) 

Gross  area  of  register,  square  feet  =     ree^rea  (4) 

where 

Q  =  required  air  volume,  cubic  feet  per  minute. 
F  =  velocity  at  register  face,  feet  per  minute. 
R  —  ratio  of  free  area  to  gross  area  of  register. 

TABLE  1.    FACTORS  CORRESPONDING  TO  REGISTER  TEMPERATURE  FOR  EQUATION  2 


REGIBTEB  TEMPBBA.TUBB 

FACTOR 

110 

0.0221 

120 

0.0184 

130 

0.0158 

140 

0.0140 

150 

0.0125 

160 

0.0114 

170 

0.0105 
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Allowable  register  velocities  to  be  used  in  Equation  3  are  approximately  as  follows: 

Baseboard,  non -deflecting  type,  maximum  —  300  fpm. 
Baseboard,  deflecting  toward  floor,  maximum  =  500  fpm. 
Baseboard,  deflecting  and  diffusing  =  up  to  800  fpm. 
High  side  wall  =  not  less  than  500  fpm, 

10.  Duct  systems  for  forced-air  installations  may  consist  of  either  trunk  systems  or 
individual  duct  systems. 

Trunk  Systems.  ^  Determine  duct  sizes  and  friction  losses  as  outlined  in  Chapter  31, 
except  that  for  residence  applications  the  velocities  in  the  main  duct  and  in  the  various 
parts  of  the  system  should  approximate  the  values  recommended  in  Table  2. 

Individual  Duct  Systems.  An  individual  duct  system  is  one  having  separate  ducts 
extending  from  the  heating  unit  to  each  register.  In  designing  such  a  system  select  first 
the  duct  having  the  greatest  equivalent  length.  Select  a  reasonable  velocity  using  Table 
2  as  a  guide.  From  friction  chart  in  Chapter  31  determine  unit  friction  loss  per  100  ft  of 
run,  and  from  this  the  total  friction  loss  in  the  duct  selected.  If  this  total  friction  loss 
exceeds  a  reasonable  value  a  lower  velocity  should  be  used. 

The  remaining  ducts  are  proportioned  so  that  the  total  pressure  in  each  duct  is  the 
same  as  that  ^calculated  for  the  longest  duct.  The  added  resistance  necessary  in  the 
shorter  ducts  is  accomplished  by  increasing  the  velocity  in  these  ducts.  No  duct  should 
be  less  than  6  in.  in  diameter,  nor  should  the  velocity  in  any  duct  exceed  approximately 
1200  fpm.  The  final  adjustment  in  a  duct  system  may  be  made  by  employing  dampers. 

TABLE  2.    RECOMMENDED  VELOCITIES  THROUGH  DUCTS  AND  REGISTERS 


i 

Low  VELOCITY 

MEDIUM  VELOCITY 

HIGH  VELOCITY 

DESCRIPTION 

SYSTEM 

SYSTEM 

SYSTEM 

(FPM) 

(FPM) 

(FPM) 

Main  ducts  _  

500 

750 

1000 

Branch  ducts._  _  

450 

600 

750 

Wall  stacks  

350 

500 

600 

Baseboard  registers  (max.)  

300 

350 

400 

Wall  registers  above  5  ft  (min.)  

500 

550 

600 

Instead  of  proportioning^the  ducts  as  outlined  in  the  preceding  paragraph  it  is  more 
usual  in  practice  to  proportion  all  the  ducts  so  that  they  have  the  same  velocity  as  that 
used  in  the  longest  duct  and  to  balance  the  system  by  employing  dampers  in  the  shorter 
ducts. 

Return  duct  systems  are  designed  making  use  of  the  same  principles  as  those  used  in 
the  design  of  supply  duct  systems.  In  this  case  the  design  may  be  based  on  the  volume 
of  air  corresponding  to  the  density  of  air  existing  in  the  return  ducts,  or  in  order  to  provide 
a  factor  for  air  leakage,  it  may  be  based  on  the  same  volume  as  used  for  the  supply  ducts. 

11.  Determine  frictional  resistance  in: 

a.  Supply  side  of  system  as  outlined  in  Item  10. 
6.  Return  side  of  system  as  outlined  in  Item  10. 

c.  Furnace  units,  casing  or  hood,  which  is  usually  considered  as  equivalent  to  0.03 
to  0.10  in.  of  water. 

d.  Accessories  such  as  washers  or  air  filters,  from  manufacturer's  data. 

e.  Inlet  and  outlet  registers  and  grilles,  from  manufacturer's  data. 

/.  Other  accessory  equipment  such  as  cooling  coils,  from  manufacturer's  data. 

Choose  a  fan  which,  according  to  its  manufacturer's  rating,  is  capable  of  delivering  a 
volume  of  air,  expressed  in  cubic  feet  per  minute,  against  a  frictional  resistance,  expressed 
in  inches  of  water,  computed  by  adding  together  the  items  listed  in  the  preceding  discus- 
sion. In  practice  it  is  recommended  that  liberal  allowances  should  be  made  so  that  the 
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fan  will  be  capable  of  delivering  air  against  pressures  that  may  not  have  been  foreseen 
during  the  design  of  the  duct  system. 

12.  Select  a  furnace  capable  of  delivering  heat  at  the  register  outlets  equal  to  the 
total  heat  loss  of  the  structure  to  be  heated. 


The  following  formula  may  be  used  for  coal  burning  furnaces: 

H 


(5) 


fXpXElXEz[l  +  0.02  (R  -  20)] 
where 

G  —  required  grate  area,  square  feet. 

H  =  total  heat  loss  from  building,  Btu  per  hour. 

/  =  calorific  value  of  coal,  Btu  per  pound. 

p  =  combustion  rate  in  pounds  of  fuel  per  square  foot  of  grate  per  hour. 
Ei  =  furnace  efficiency  based  on  heat  available  at  bonnet. 

Es  =  efficiency  of  transmission  based  on  ratio  of  heat  delivered  at  register  to  heat 
available  at  bonnet. 

R  =  ratio  of  heating  surface  to  grate  area. 

In  practice  it  is  customary  to  use  the  following  constants: 

/  =  12,000  (for  specific  values,  see  Table  5,  Chapter  7). 

p  -  7.5  Ib. 

Ei  =  0.65  lower  efficiency  must  be  used  with  highly  volatile  solid  fuel. 
£2  «  0.85. 

The  foregoing  procedure  for  determining  the  size  of  the  furnace  to  be  used  applies 
to  continuously  heated  buildings. 

13.  Although  intermittently  heated  buildings  usually  have  their  heat  losses  computed 
according  to  the  standard  rules  for  determining  such  losses,  these  rules  do  not  take  into 
account  the  heat  which  will  be  absorbed  by  the  cold  material  of  the  building  after  the  air 
is  raised  in  temperature.    This  heat  absorption  must  be  added  to  the  normal  heat  loss  of 
the  building  to  determine  the  load  which  the  heating  plant  must  carry  through  the 
warming-up  process.    It  is  customary  to  increase  the  normal  heat  loss  figure  by  from  50 
to  150  per  cent  depending  upon  the  heat  capacity  of  the  construction  material,  the  higher 
percentage  applying  to  materials  of  high  heat  capacity  such  as  concrete  and  brick.    Fan 
furnace  systems  are  well  adapted  for  heating  intermittently  heated  buildings  as  these 
systems  do  not  require  the  warming  of  intermediate  piping,  radiators,  or  convectors,  the 
generation  of  steam,  or  the  heating  of  hot  water. 

14.  Follow  the  same  methods  for  an  oil  furnace  as  for  coal  where  a  conversion  unit  is 
to  be  used,  making  sure  that  the  ratio  of  heating  surface  to  grate  area  exceeds  20  to  1. 
If  it  does  not,  a  size  larger  furnace  should  be  selected.    Use  the  manufacturer's  Btu 
ratings  of  furnaces  designed  for  exclusive  use  with  oil,  and  select  a  burner  with  liberal 
excess  capacity. 

15.  ^  The  selection  of  the  proper  size  gas  furnace  for  a  constantly  heated  building  can 
be  easily  made  by  using  the  following  American  Gas  Association  formula: 


where 

H  =  total  heat  loss  from  building,  Btu  per  hour. 

R  =  official  A  .G.A  .  output  rating  of  the  furnace,  Btu  per  hour. 

In  the  case  of  converted  warm  air  furnaces  a  slightly  different  procedure  is  necessary, 
as  the  Btu  input  to  the  conversion  burner  must  be  selected  rather  than  the  furnace  out- 
put. The  proper  sizing  may  be  done  by  means  of  the  following  formula: 

I  =  1.59  H  (7) 
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where 

I  =  Btu  per  hour  input. 

The  factor  1.59  is  the  multiplier  necessary  to  care  for  a  10  per  cent  heat  loss  in  the 
distributing  ducts  and  an  efficiency  of  70  per  cent  in  the  conversion  burner. 

16.  Specify  location  and  type  of  all  dampers  in  both  supply  air  and  return  air  sides 
of  system.  Specify  controls  including  location  of  all  thermostats.  Arrange  for  proper 
control  of  humidifying  equipment. 

HEAVY  DUTY  FAN  FURNACES 

Fan  furnaces  for  large  commercial  and  industrial  buildings  are  available 
in  sizes  ranging  from  400,000  to  3,000,000  Btu  per  hour  per  unit.  Heavy 
duty  heaters  may  be  arranged  in  combinations  of  one  or  more  units  in  a 
battery.  One  typical  arrangement  is  shown  in  Fig.  6. 

Most  manufacturers  of  heavy  duty  furnaces  rate  their  furnaces  in  Btu 
per  hour  and  also  in  the  number  of  square  feet  of  heating  surface.  Con- 


FIG.  6.   HEATER  ARRANGED  FOR  USE  OF  AIR  WASHER  OR  FILTER 
(A)  WITH  HEATED  AIR  TO  Mix  WITH  OUTSIDE  AIR  FOR  TEM- 
PERING,  SHOWING    MIXING   DAMPER  FROM  WARM   AIR  AND 
TEMPERED  AIR  AND  EXHAUST  TO  ATMOSPHERE 

servative  practice  indicates  that  at  no  time  in  the  heating-up  period 
should  the  furnace  surface  be  required  to  emit  more  than  an  average  of 
3500  Btu  per  square  foot.  A  higher  rate  of  heat  emission  tends  to  increase 
the  heat  loss  up  the  chimney,  and  raise  fuel  consumption,  to  shorten  the 
life  of  the  furnace,  and  to  overheat  the  air.  The  ratio  of  heating  surface 
to  grate  area  on  furnaces  for  this  type  of  work  should  never  be  less  than 
30  to  1  and  as  indicated  previously  may  run  as  high  as  50  to  1. 

Control  of  temperature  is  secured  through  (1)  controlling  the  quantity 
of  heated  air  entering  the  room,  (2)  using  mixing  dampers,  or  (3)  regu- 
lating the  fuel  supply. 

The  design  of  heavy  duty  fan  furnace  heating  systems  is  in  many 
respects  similar  to  that  of  the  central  fan  heating  systems  described  in 
Chapter  20.  Ducts  are  designed  by  the  method  outlined  in  Chapter  31. 

HUMIDIFICATION 

Mechanical  warm  air  systems  offer  a  means  of  proportioning  and 
distributing  moisture-bearing  air;  consequently,  during  the  winter  months 
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humidifiers  may  be  employed  to  deliver  water  vapor  to  the  fan-driven  air 
stream  in  proper  amounts  to  produce  a  more  humid  atmosphere,  with 
increased  comfort  for  people  and  increased  life  for  household  furnishings. 
Temperatures  and  relative  humidities  should  be  governed  within  the 
limits  of  the  generally  accepted  standards.  See  Chapters  2  and  26  for 
more  detailed  information  on  this  point. 

In  earlier  types  of  furnaces,  water  evaporating  pans  were  usually  placed 
in  the  cool  portions  of  the  air  stream,  but  modern  types  usually  locate 
them  in  air  which  has  been  heated  by  contact  with  the  heating  surfaces. 
To  change  water  into  vapor  capable  of  being  carried  in  an  air  stream  as 
part  of  the  mixture,  about  1000  Btu  per  pound  are  required.  Without 
the  addition  of  this  heat,  termed  the  latent  heat  of  evaporation,  water 
injected  into  the  air  will  be  carried  along  in  the  form  of  tiny  globules  until 
It  falls  out  of  the  stream  or  is  deposited  upon  some  surface.  Furthermore, 
when  dry  air  is  in  contact  with  water  for  a  sufficient  length  of  time  without 
the  presence  of  a  sizable  body  of  water  or  a  source  other  than  air  from 
which  this  latent  heat  of  evaporation  can  be  taken,  such  heat  is  supplied 
from  the  air.  There  is,  therefore,  a  trend  in  present  practice  toward 
heating  the  water  in  addition  to  heating  the  air.  Equipment  for  doing 
this  may  make  use  of  sprays,  or  it  may  take  the  form  of  water  circulating 
coils  placed  within  the  combustion  chamber  and  connected  by  pipes  to 
the  humidifier  pans  where  a  constant  water  level  is  maintained  by  some 
separate  float  device.  (See  Chapter  26.) 

Sprays  for  residence  systems  may  be  provided  in  separate  housings 
to  be  installed  on  the  inlet  or  outlet  side  of  the  fan,  or  they  may  be 
integral  with  the  fan  construction.  They  operate  at  water  pressures  of 
from  10  to  30*  Ib  and  use  two  or  more  spray  nozzles  for  washing  and 
humidification,  The  sprays  should  be  adjusted  to  completely  cover  the 
air  passages. 

Sprays  are  usually  controlled  by  solenoid  valves  wired  in  parallel  with 
the  fan  motor.  The  water  supply  may,  in  turn,  be  controlled  by  a 
humidity-controlling  device  located  in  one  of  the  living  rooms,  so  that  the 
washer  will  operate  at  all  times  when  the  fan  is  in  operation,  unless  the 
relative  humidity  should  rise  beyond  a  desirable  percentage.  Sprays 
used  in  connection  with  commercial  or  heavy  duty  plants  should  be  a 
regulation  type  of  commercial  spray. 

Residence  Requirements 

The  principles  underlying  humidity  requirements  and  limitations  for 
residences  are  summarized  in  University  of  Illinois  Bulletin  No.  2304,  as 
follows: 

1.  Optimum  comfort  is  the  most  tangible  criterion  for  determining  the  air  conditions 
within  a  residence. 

2.  An  effective  temperature  of  65  deg5  represents  the  optimum  comfort  for   the 
majority  of  people.    Under  the  conditions  in  the  average  residence  a  dry-bulb  tempera- 
ture of  69.5  F  with  relative  humidity  of  40  per  cent  is  the  most  practical  for  the  attain- 
ment of  65  deg  effective  temperature. 


<See  Humidification  for  Residences,  by  A.  P.  Kratz  (University  of  Illinois,  Bulletin  No.  230). 
*66  deg  is  the  optimum  winter  effective  temperature  recommended  by  the  A.S.H.V.E.  Committee  on 
Ventilation  Standards. 
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3.  Evaporation  requirements  to  maintain  a  relative  humidity  of  40  per  cent  in  zero 
weather  depend  on  the  amount  of  air  inleakage  to  the  average  residence,  and  vary  from 
practically  nothing  to  24  gal  of  water  per  24  hours. 

4.  Relative  humidity  of  40  per  cent  indoors  cannot  be  maintained  in  rigorous  climates 
without  excessive  condensation  on  the  windows  unless  tight-fitting  storm  sash  or  the 
equivalent  is  installed. 

5.  The  problems  of  humidity  requirements  and  limitations  cannot  be  separated  from 
condensations  of  good  building  construction,  and  the  latter  should  receive  serious 
attention  in  the  installation  of  humidifying  apparatus. 

The  following  conclusions  were  drawn  from  the  experimental  results 
reported  in  the  aforementioned  bulletin : 

1.  None  of  the  types  of  gravity  warm  air  furnace  water  pans  tested  proved  adequate 
to  evaporate  sufficient  water  to  maintain  40  per  cent  relative  humidity  in  the  Research 
Residence  except  only  in  moderately  cold  weather. 

2.  The  water  pans  used  in  the  radiator  shields  tested  did  not  prove  adequate  to 
maintain  40  per  cent  relative  humidity  in  a  residence  similar  to  the  Research  Residence 
when  the  outdoor  temperature  approximated  zero  degrees  Fahrenheit. 

COOLING  METHODS 

A  slight  cooling  effect  may  be  obtained  under  certain  conditions  by  the 
use  of  basement  air.  A  more  positive  cooling  effect  may  be  obtained 
through  air  washers  where  the  temperature  of  the  water  is  sufficiently 
low  (55  F  or  lower),  and  where  a  sufficient  volume  of  water  can  be  pro- 
vided. Unless  the  temperature  of  the  leaving  water  is  below  the  dew- 
point  temperature  of  the  indoor  air  at  the  time  the  washer  is  started,  both 
the  relative  and  absolute  humidities  will  be  somewhat  increased. 

Coils  of  copper  finned  tubing  through  which  cold  water  is  pumped  are 
available  for  cooling.  They  require  less  space  than  air  washers  and  have 
the  advantage  that  no  moisture  is  added  to  the  air  when  the  temperature 
of  the  water  rises  above  the  dew-point.  Ample  coil  surface  is  necessary 
with  this  type  of  cooling. 

It  is  thoroughly  feasible  to  use  ice  or  mechanical  refrigeration  in  con- 
nection with  the  fan  and  duct  system  for  the  heating  installation,  and  to 
cool  the  building  by  this  method,  provided  the  building  is  reasonably  well 
constructed  and  insulated.  Windows  and  doors  should  be  tight,  and 
awnings  should  be  supplied  on  the  sunny  side  of  the  building.  (See  also 
Chapters  20  and  23.) 

Results  at  Research  Residence 

The  following  conclusions  may  be  drawn  from  the  studies  thus  far 
completed  in  the  Research  Residence,  subject  to  the  limitations  of  the 
conditions  under  which  the  tests  were  run6; 

1.  An  uninsulated  building  of  ordinary  residential  type  may  require  the  equivalent  of 
three  tons  of  ice  in  24  hours  on  days  when  the  maximum  outdoor  temperature  reaches 
100  F  if  an  effective  temperature  of  approximately  72  deg  is  maintained  indoors. 

2.  The  use  of  awnings  at  all  windows  in  east,  south,  and  west  exposures  may  result  in 
savings  of  from  20  to  30  per  cent  in  the  required  cooling  load. 


•A.S.H.V.E.  RESEARCH  REPORT  No.  947— Study  of  Summer  Cooling  in  the  Research  Residence  at  the 
University  of  Illinois,  by  A.  P.  Kratz  and  S.  Konzo  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39,  1933,  p.  95). 
A.S.H.V.E.  RESEARCH  REPORT  No.  979 — Study  of  Summer  Cooling  in  the  Research  Residence  for  the 
Summer  of  1933,  by  A.  P.  Kratz  and  S,  Konzo  (A.S.H.V.E.  TRANSACTIONS,  Vol.  40, 1934,  p.  167). 
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3.  The  cooling  load  per  degree  difference  in  temperature  is  not  constant  but  increases 
as  the  outdoor  temperature  increases. 

4.  The  heat  lag  of  the  building  complicates  the  estimation  of  the  cooling  load  under 
any  specified  conditions  and  makes  such  estimates,  based  on  the  usual  methods  of 
computation,  of  doubtful  value. 

5.  The  seasonal  cooling  requirements  are  extremely  variable  frpni  year  to  year,  and 
the  ratio  between  the  degree-hours  of  any  two  seasons  occurring  within  a  10  year  period 
may  be  as  high  as  7.5  to  1.    Hence  an  average  value  of  the  degree-hours  cooling  per 
season  is  comparatively  meaningless. 

6.  The  duct  system  in  a  forced-air  heating  installation  can  be  successfully  converted 
to  a  system  for  conveying  cool  air  for  the  purpose  of  cooling  the  structure.    No  conden- 
sation of  moisture  was  observed  when  the  duct  temperatures  were  not  less  than  65  F. 

7.  Cooling  by  means  of  water  at  a  temperature  of  60  F  is  not  satisfactory  unless  an 
indoor  temperature  of  less  than  80  F  is  maintained. 

8.  In  the  selection  of  cooling  coils,  the  frictional  resistance  of  the  coil  to  flow  of  air 
must  be  given  careful  consideration. 

9.  Cooling  the  structure  by  introducing  large  quantities  of  air  from  outdoors  at  night 
tended  to  reduce  the  amount  of  cooling  required  on  the  following  day  and  was  a  practical 
means  of  providing  more  comfortable  conditions  in  those  homes  where  cooling  systems 
were  not  available. 

METHOD  OF  DESIGNING  COOLING  SYSTEM 

The  general  procedure  for  the  design  of  a  cooling  system  in  a  forced-air 
installation  is  as  follows: 

1.  Calculate  heat  gain  for  each  room  or  space  to^be  conditioned.  (See  Chapters  3 
and  6.)    Allowance  for  addition  of  outside  air  must  be  included  in  this  calculation. 

2.  Select  a  temperature  of  air  leaving  supply  inlets.    In  Research  Residence  tests7 
a  value  of  from  65  to  70  F  was  found  satisfactory. 

3.  Determine  indoor  conditions  to  be  maintained.  In  Research  Residence  80  F  dry- 
bulb  and  45  per  cent  relative  humidity  were  found  satisfactory. 

4.  Determine  the  quantity  of  air  to  be  introduced  into  each  room.  (See  Chapter  20.) 

5.  Estimate  heat  loss  in  duct  system  between  cooling  unit  and  supply  registers. 

6.  Calculate  the  heat  to  be  removed  by  the  cooling  unit,  in  the  form  of  sensible  heat 
and  latent  heat. 

7.  Determine  size  of  ducts  in  duct  system  and  size  of  registers,  as  explained  in  this 
chapter  under  the  heading  of  Method  of  Designing  Forced- Air  Heating  Systems. 

8.  Determine  pressure  loss  in  duct  system  and  select  fan  as  also  explained  in  the 
same  section. 

9.  Select  cooling  unit  from  manufacturer's  data.    Specify  temperature  and  pressure 
of  available  cooling  water,  voltage  and  characteristics  of  electrical  supply,  and  method 
of  control  of  apparatus. 

10.  Select  cooling  coils  from  manufacturer's  data  to  take  care  of  latent  heat  load  and 
to  give  required  drop  in  air  temperature  with  the  weight  of  air  flowing.    (See  Chapter  25.) 

11.  If  system  is  to  be  used  for  both  winter  heating  and  summer  cooling,  duct  sizes 
must  be  checked  to  insure  that  velocities  and  friction  losses  are  reasonable  for  both 
conditions  of  operation.    Adjustable  dampers  will  be  necessary  to  make  changes  in  air 
distribution  for  the  two  seasons.    Provision  must  also  be  made  for  changing  fan  speeds 
for  summer  and  winter  operation. 


rLoc.  CIt.    Note  6. 
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Chapter  20 

CENTRAL  SYSTEMS  FOR  COMFORT 
AIR  CONDITIONING 

Types  of  Systems  for  Heating,  Humidifying,  Cooling,  Dehu- 
midifying  tcith  Modifications ,  Design  Details,  Load  Calcula- 
tions, Selection  of  Equipment 

THE  purpose  of  this  chapter  is  to  offer  a  summary  of  the  procedure 
generally  followed  in  the  design  of  central  systems  for  comfort  air 
conditioning.  Detailed  information  for  making  the  various  calculations 
is  found  elsewhere  in  THE  GUIDE,  and  reference  to  the  proper  chapter 
follows  in  this  text. 

The  reader  is  also  referred  to  the  Code  of  Minimum  Requirements1, 
which  was  prepared  by  a  joint  Committee  of  the  AMERICAN  SOCIETY  OF 
HEATING  AND  VENTILATING  ENGINEERS  and  the  American  Society  of 
Refrigerating  Engineers,  and  which  was  adopted  by  the  Society  in  January 
1938.  Engineers  should  also  be  familiar  with  any  state  or  municipal 
codes  which  may  apply  to  the  problem  under  consideration. 

A  central  system  consists  of  a  fan  with  complete  supply  and  return 
ducts  designed  to  serve  one  or  more  conditioned  spaces,  together  with 
some  or  all  of  the  following  equipment:  heating  coils,  cooling  coils,  humidi- 
fiers, dehumidifiers,  air  cleaning  devices,  and  control  equipment.  These 
various  items  of  equipment  are  assembled  into  a  properly  balanced  system 
which  has  for  its  purpose  the  control  of  temperature  and  humidity  within 
the  conditioned  space. 

The  principal  types  of  central  systems  are  illustrated  in  Figs.  1  to  5, 
but  space  does  not  allow  showing  all  of  the  modifications  to  which  these 
types  may  be  subjected  by  the  conditions  existing  in  the  building  or  by 
the  preferences  of  the  designing  engineer.  Also,  a  central  system  need 
not  provide  for  year-round  conditioning,  but  may  be  designed  only  for 
heating,  cooling,  or  simply  for  ventilation. 

CLASSIFICATION  OF  SYSTEMS 

Central  systems  in  which  dehumidification  is  accomplished  by  cooling 
may  be  classified  as  follows: 


JCode  of  Minimum  Requirements  for  Comfort  Air  Conditioning  (A.S.H.V.E.  TRANSACTIONS,  Vol.  44, 
1938,  p.  27).    Reprints  of  this  code  are  available  at  $.10  a  copy. 
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1.  Central  system  with  heating  and  cooling  coils  and  humidifying  sprays  (Fig-%  1). 
This  system  is  very  common  and  is  used  extensively  for  summer  and  winter  conditioning. 

2.  Central  system  with  preheating  coil,  washer  and  reheating  coil  (Fig.  2).t  This  is 
"widely  used  for  winter  conditioning  on  larger  installations.    Summer  conditioning  is 
accomplished  by  using  cold  water  in  the  washer. 

3.  Blow-through  system  with  heating  and  cooling  coils  and  mixing  dampers  (Fig,  3). 
This  is  used  where  several  different  zones  are  served  from  one  central  system  and  the 
conditioning  of  the  entering  air  for  each  zone  is  obtained  by  mixing  varying  quantities 
of  air  after  passing  through  the  heating  and  cooling  coils. 


Supply  >ir 


Mixing 
chamber 


j 


Humidifying 
sprays 


Return  air 

FIG.  1.    CENTRAL  SYSTEM  WITH  COILS  AND  SPRAYS 


FIG.  2.    CENTRAL  SYSTEM  WITH  WASHER  AND  PREHEATING  AND  REHEATING  COILS 

4.  Central  outside  air  conditioning  system  with  zone  recirculating  conditioners  (Fig. 
4).    This  is  used  on  installations  having  large  zones  requiring  independent  control  to- 
meet  local  requirements  for  office  and  apartment  buildings,  hotels,  etc.  • 

5.  Central  conditioning  system  using  either  washer  or  coils  with  booster  reheating 
coils  (Fig.  5).    This  is  used  for  special  zone  control  where  there  is  great  variation  in 
heating  requirements  of  different  spaces,  as  may  be  caused  by  different  exposures  to- 
wind  and  sun. 

6.  Residential  system.    In  Fig.  6  is  shown  a  combination  of  unit  equipment  used  for 
residential  air  conditioning.    The  arrangement  is  similar  to  Fig.  1,  but  the  coil,  humidi- 
fier, and  fan  section  may  be  purchased  as  a  unit.    The  sketch  shows  a  system  which 
permits  the  use  of  radiators  or  convectors  in  kitchens,  baths,  garages,  and  similar  rooms. 
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FIG.  3.    BLOW-THROUGH  SYSTEMS  WITH  COILS  AND  MIXING  DAMPERS 
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FIG.  4.    CENTRAL  SYSTEM  WITH  RECIRCULATING  CONDITIONERS 
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FIG.  5.    CENTRAL  SYSTEM  WITH  BOOSTER  COILS 
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The  addition  of  a  cooling  coil  and  compressor  turns  the  system  into  a  complete  year- 
round  conditioner. 

Reheating 

When  air  is  dehumidified  by  cooling,  the  dry-bulb  temperature  leaving 
the  dehumidifier  is  frequently  lower  than  desired  at  the  supply  grille. 
In  these  cases,  the  dehumidified  air  must  be  reheated,  and  such  reheating 
may  be  accomplished  either  by  by-passing  some  air  around  the  dehu- 
midifier2 (Fig.  2),  or  by  using  reheating  coils. 

Study  of  Figs.  1  and  2  will  make  it  obvious  that  without  the  by-pass, 


FIG.  6.    RESIDENTIAL  CONDITIONING  SYSTEM  WITH  STEAM  BOILER 

all  of  the  air  is  first  cooled  and  then  subsequently  reheated,  but  with 
the  by-pass:  only  part  of  the  air  is  cooled,  heat  required  for  reheating 
being  supplied  by  by-passed  air.  The  by-pass  thus  reduces  the  cooling 
load  and  makes  a  separate  reheating  source  unnecessary. 

DESIGN  OF  SYSTEM 

The  factors  which  affect  the  design  of  an  air  conditioning  system  and 
the  steps  in  the  design  are  enumerated  herewith. 

Item  /.  Design  conditions. 

a.  Outside  dry-bulb  temperature  in  winter. 

b.  Outside  dry-  and  wet-bulb  temperatures  in  summer. 

c.  Inside  dry-  and  wet-bulb  temperatures  (winter  and  summer). 


^Patents  exist  covering  the  by-pass  method. 
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Item  #.  Design  heating  load. 

a.  Heat  transfer  through  windows,  walls,  partitions,  doors,  floors,  skylights, 
roofs. 

b.  Heat  loss  resulting  from  infiltration. 

c.  Heat  required  to  warm  ventilation  air. 

d.  Heat  required  to  evaporate  moisture  for  humidification. 

e.  Heat  loss  through  ducts  and  coil  housings. 
/.  Allowances  for  heat  emitting  sources. 

Item  3.  Design  cooling  load. 

a.  Heat  transfer  through  windows,  walls,  partitions,  doors,  floors,  skylights, 
roofs,  including  solar  radiation. 

b.  The  sensible  and  latent  heat  emission  of  occupants. 

c.  Heat  emission  of  electrical,  chemical,  gas,  steam  or  hot  water  apparatus, 
or  lights  (divide  into  sensible  and  latent  heat). 

d.  The  sensible  and  latent  heat  gains  resulting  from  infiltration. 

e.  Sensible  and  latent  heat  to  be  removed  from  ventilation  air. 
/.  Heat  gain  through  ducts  and  coil  housings. 

Item  4-  Design  of  the  air  conditioning  system. 

a.  Establish  the  air  temperatures  at  supply  grilles  for  winter  and  summer. 
&.  Calculate  the  air  quantities  for  winter  and  summer. 

1.  Adjust  factors  to  get  most  satisfactory  balance  between  winter  and 

summer  air  quantities. 
c.  Select  coils,  washers,  heat  exchangers,  etc.,  with  capacities  equal  to  heating 

and  cooling  loads  established  in  Items  2  and  3. 
d*  Select  air  cleaning  equipment. 
e.  Select  fans. 
/.   Design  duct  system  including  supply  and  return  grilles. 

f.  Consider  noise  reduction  problems. 
.  Design  the  control  system. 

i.   Calculate  static  pressure  loss  of  the  complete  system. 
j.  Select  fan  motors  and  drives  and  other  auxiliary  equipment. 

Design  Conditions 

Outside  design  temperatures  for  principal  cities  are  found  in  Chapter  5 
for  the  heating  season  and  in  Chapter  6  for  the  cooling  season.  Recom- 
mended inside  design  temperatures  for  various  types  of  buildings  and  for 
the  seasons  are  found  in  Chapters  2  and  5. 

Load  Calculations  for  Heating 

Complete  tabular  information  is  given  in  Chapter  3  for  determining  the 
heat  loss  through  windows,  walls,  partitions,  doors,  floors,  skylights, 
ceilings  and  roofs. 

The  heating  capacity  required  to  warm  infiltration  air  is  determined  by 
methods  shown  in  Chapter  4. 

The  minimum  quantity  of  outside  air  brought  in  for  ventilation  is 
sometimes  fixed  by  law;  but  when  this  is  not  the  case,  the  A.S.H.V.E. 
Code3  should  be  used  as  a  standard.  Outside  air  in  sufficient  quantities 
provides  the  best  method  of  controlling  objectionable  odors,  and  the 
design  should  err  on  the  safe  side. 

Code  requirements  state  that  the  assumed  rate  at  which  air  is  to  be 
positively  introduced  into  the  enclosure  per  occupant,  when  the  con- 
tamination of  air  within  the  enclosures  results  entirely  from  respiratory 
process,  shall  not  be  less  than  10  cfm  per  stated  number  of  occupants 


»Loc.  Cit.  Note  1. 
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which  is  indicated  as  being  the  maximum  number  of  people  within  the 
enclosure  when  the  sum  of  the  remaining  loads  is  a  maximum.  The  Code 
further  states  that  the  assumed  ventilation  rates  shall  not  be  less  than 
15  cfm  per  stated  number  of  occupants  in  enclosures  where  smoking  is 
customarily  permitted,  and  that  provision  shall  be  made  for  air  removal 
from  the  enclosure  either  by  natural  or  mechanical  means  at  not  less  than 
the  assumed  ventilation  rate.  For  the  purpose  of  the  Code,  air  quality  or 
purity  are  assumed  to  be  met  if  means  are  provided  for  the  positive  intro- 
duction of  outside  air  in  the  amounts  previously  mentioned  and  for 
removal  of  95  per  cent  by  count  of  all  dust  particles  over  10  microns  in 
diameter  from  all  air  delivered  to  the  enclosure. 

The  heat  required  to  warm  ventilation  air  is  determined  in  the  same 
manner  as  for  infiltration  air.  It  should  be  kept  in  mind,  however,  that 
infiltration  increases  the  amount  of  heat  required  to  warm  the  conditioned 
space,  while  ventilation  air  adds  to  the  load  on  the  heating  coil. 

The  heat  required  to  evaporate  the  necessary  water  required  for  winter 
humidification  and  superheat  the  resulting  vapor  in  order  to  raise  the 
moisture  content  of  the  outside  air,  assumed  to  enter  the  enclosure  by 
infiltration  or  positively  introduced  for  ventilation,  should  be  calculated 
according  to  the  information  included  in  Chapter  1. 

Information  is  given  in  Chapter  42  for  calculating  heat  transfer  through 
ducts  and  housings. 

The  heat  emission  of  occupants,  lights,  and  other  sources  is  treated 
later  in  this  chapter.  This  heat  gain  may  be  used  as  a  credit  against 
the  heat  loss  calculations.  In  general,  however,  the  design  for  heating 
disregards  these  gains  as  in  most  cases  these  values  are  not  a  continuous 
or  uniform  source  of  heat  and  the  heating  system  must  be  adequate  to 
maintain  the  required  temperature  at  all  times  including  nights,  Sundays 
and  holidays,  when  the  space  is  not  in  normal  use. 

The  sum  of  the  several  losses  (Items  2a  and  %b)  will  give  the  amount  of 
heat^to  be  supplied  to  the  conditioned  space.  The  above  quantity  plus 
ventilation  and  humidification  load  and  heat  loss  in  ducts  represents  load 
on  conditioner. 

Load  Calculations  for  Cooling 

The  heat  gain  through  the  windows,  partitions,  doors,  floors,  sky- 
lights ^ceilings  or  roofs  of  the  enclosure  due  to  the  air  dry-bulb  tempera- 
ture difference  assumed  to  exist  between  the  air  on  the  opposite  sides  of 
the  construction  may  be  determined  from  data  given  in  Chapter  3.  Charts 
and  tables  are  given  in  Chapter  6  for  the  determination  of  sun  effect  on 
walls,  roofs,  and  windows. 

The  heat  gain  from  occupants  may  be  calculated  from  data  in  Chapter 
2,  which  give  the  metabolic  rate  for  people  engaged  in  various  activities. 
In  addition  charts  are  included  which  give  a  separation  of  the  sensible  and 
latent  heat  losses  from  the  body  which  should  be  itemized  separately  in 
all  calculations. 

The  heat  emission  from  various  appliances  should  be  calculated  ac- 
cording to  the  information  and  data  given  in  Chapter  6,  with  special 
consideration  being  given  to  the  division  of  latent  and  sensible  heat 
requirements  of  the  apparatus.  Complete  details  may  also  be  found  in 
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Chapter  6  for  determining  the  heat  gain  resulting  from  electric  lights  and 
motors  within  the  enclosure. 

The  heat  gain  from  infiltration  air  and  ventilation  air  is  determined  by 
the  method  shown  in  Chapter  4.  Separate  sensible  and  latent  heat. 
(See  Chapter  42  for  heat  gain  in  ducts.) 

Air  Distribution  System  for  Heating 

The  total  heating  load  to  be  supplied  by  the  central  system  is  de- 
termined from  the  several  components  of  the  load  listed  under  Item  ®. 
The  quantity,  air  motion,  and  temperature  of  the  treated  air  and  the 
method  of  introducing  it  to  the  conditioned  space  should  be  designed  so  as 
to  limit  the  variation  in  dry-bulb  temperature  to  3  F  or  less  at  a  5  ft 
level  throughout  that  portion  of  the  enclosure  which  is  normally  fre- 
quented by  persons.  It  is  desirable  to  avoid  air  velocities  exceeding  50 
linear  feet  per  minute  in  the  occupied  zone  between  the  floor  and  the  5  ft 
level.  When  architectural  or  other  construction  requirements  necessitate 
the  location  of  a  supply  or  return  grille  below  the  5  ft  level  in  an  occupied 
space,  special  consideration  should  be  given  to  the  air  velocities  in  that 
region  to  avoid  uncomfortable  drafts. 

It  is  desirable  to  use  reasonably  low  temperature  differences  between 
the  entering  air  and  room  conditions  where  possible.  Air  temperatures 
from  80  to  90  F  will  generally  be  satisfactory,  although  where  the  quantity 
of  air  to  be  circulated  is  kept  at  a  minimum  and  where  the  arrangement  of 
air  inlets  permits  adequate  mixing  with  the  room  air  before  reaching  the 
breathing  zone,  higher  temperatures  from  100  to  120  F  can  be  used. 
Having  selected  the  desired  temperature  of  the  entering  air,  the  quantity 
of  air  is  determined  as  follows: 


(1) 


*       60J  X  0.24  to  -  fc) 
where 

Q  =  volume  of  air  to  be  introduced,  cubic  feet  per  minute. 
H  —  sensible  heat  loss  of  space  to  be  conditioned,  Btu  per  hour. 
d  =  density  of  air,  pounds  per  cubic  foot. 
tz  =  outlet  temperature  at  the  grille,  degrees  Fahrenheit. 
ti  —  design  room  temperature,  degrees  Fahrenheit. 

If  the  air  quantity  calculated  is  excessive,  it  may  be  decreased  by  using 
a  higher  entering  temperature.  If  the  quantity  is  too  small  to  provide 
adequate  distribution  and  ventilation,  it  may  be  increased  by  using  a  lower 
entering  temperature.  Air  motion  has  a  cooling  effect  on  the  individual, 
and  ordinarily  the  air  quantity  circulated  should  provide  an  overall  air 
change  in  the  conditioned  space  in  not  less  than  5  min  or  more  than 
12  min.  Best  results  are  secured  when  the  entering  air  temperature  aiid 
method  of  distribution  permit  uniform  mixture  of  air  without  excessive 
motion  in  the  occupied  zone. 

After  air  temperatures  are  established,  the  heat  loss  from  ducts  may  be 
approximated  (see  Chapter  42).  The  resulting  temperature  drop  can  be 
calculated  by  solving  Equation  2. 

A  * 


60  d  X  0.24  X  Q 
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where 

A  t  —  temperature  drop,  degrees  Fahrenheit, 
fid  =  heat  loss  in  duct,  Btu  per  hour. 

Unless  the  duct  passes  through  an  unheated  portion  of  the  building, 
heat  loss  from  ducts  can  frequently  be  neglected.  Final  decision  rests  on 
careful  analysis  of  local  conditions. 

The  duct  distribution  system  is  designed  using  velocities  as  recom- 
mended in  Chapter  31,  and  grille  locations  as  discussed  in  Chapter  30. 
In  most  installations  it  is  advisable  in  order  to  permit  economical  heating 
prior  to  occupancy  to  design  the  return  duct  system  of  sufficient  area  to 
convey  100  per  cent  of  the  air  handled  by  the  fan.  Also  in  mild  weather 
certain  economies  of  operation  may  be  affected  by  designing  the  outside 
air  duct  of  sufficient  area  to  convey  approximately  the  total  quantity  of 
air  handled  by  the  fan  and  means  should  be  provided  for  the  escape  of  this 
air  quantity.  In  every  case,  however,  the  outside  air  duct  must  be  of 
sufficient  area  to  pass  minimum  ventilation  air. 

Air  Distribution  System  for  Cooling 

The  total  cooling  and  dehumidifying  load  to  be  supplied  by  the  central 
system  is  determined  from  the  several  components  of  the  design  load 
listed  under  Item  3.  The  entering  air  temperature  is  ^  determined  by 
selecting  the  proper  relationship  between  the  quantity  of  air  to  be  handled, 
the  heat  gain  in  the  conditioned  space,  and  the  location  of  the  air  inlets. 
In  cooling  applications  it  is  desirable  that  the  difference  between  the 
temperature  of  air  currents  in  the  space  frequented  by  occupants  and  the 
average  temperature  in  such  space  be  not  greater  than  2  F  for  air  veloc- 
ities of  40  linear  feet  per  minute  and  over  and  not  greater  than  3  F  for 
velocities  of  less  than  40  linear  feet  per  minute. 

There  is  a  fairly  wide  range  of  permissible  entering  air  temperatures. 
With  high  velocity  jets  or  diffusing  nozzles,  located  at  some  distance  from 
the  occupied  space,  entering  air  temperatures  may  be  as  much  as  30  F 
below  room  temperature.  Where  the  air  is  introduced  through  supply 
inlets  fairly  close  to  the  occupied  zone  the  entering  air  should  be  within 
10  to  15  F  of  a  desired  room  temperature.  The  problem  of  preventing 
drafts  in  summer  air  conditioning  is  important  as  air,  cooler  than  room 
air,  tends  to  fall  without  diffusing  and  proper  design  must  consider  the 
relationship  between  temperature  and  diffusion  to  secure  satisfactory 
results. 

The  relation  between  heat  gain,  air  quantity,  and  air  temperatures  is 
given  by  Equation  1.  For  cooling,  4  and  fe  are  reversed.  At  this  stage  in 
the  design,  the  only  known  quantities  are  H  and  k.  The  maximum  and 
minimum  limits  for  Q  are  the  same  as  given  for  heating,  and  fe  may  be 
from  10  to  30  F  below  /i,  depending  on  room  size  and  shape  and  type  and 
location  of  supply  grilles. 

Moisture  added  within  the  conditioned  space  does  not  increase  the 
dry-bulb  temperature  in  the  space,  and  therefore  only  the  total  sensible 
heat  gain  to  the  space  is  used  for  H  in  Equation  1.  Any  reasonable  value 
may  be  assigned  to  k  and  a  trial  calculation  made.  The  value  of  Q 
obtained  should  lie  within  the  proper  limits;  and  if  coils  are  to  be  used,  the 
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air  quantity  should  be  investigated  to  determine  the  most  economical 
coil  size. 

To  absorb  the  moisture  load,  the  supply  air  must  enter  the  space  with 
a  lower  dew-point  than  that  desired  in  the  conditioned  space.  A  method 
for  determining  this  dew-point  reduction  follows: 

Total  all  the  latent  heat  gains  in  the  room  and  convert  them  to  equivalent  grains  of 
moisture.  Divide  the  total  grains  of  moisture  by  the  number  of  pounds  of  air  delivered 
to  the  room  which  will  give  the  difference  in  weight  of  moisture  between  the  entering  air 
and  room  air  conditions.  Subtract  this  amount  from  the  grains  of  moisture  corresponding 
to  the  dew-point  temperature  in  the  room  and  refer  to  psychrometric  charts  or  tables 
to  establish  the  required  dew-point  temperature  of  the  entering  air.  The  intersection 
of  this  new  dew-point  condition  with  the  dry-bulb  temperature  line  of  the  entering  air  at 
the  supply  inlet  to  the  room  will  establish  the  entering  wet-bulb  temperature  condition. 

When  the  supply  duct  passes  through  an  unconditioned  space,  the 
dry-bulb  temperature  rise  in  the  duct  should  be  estimated  (see  Chapter 
42)*  This  temperature  rise  usually  ranges  from  1  to  3  deg  and  is  deducted 
from  fe  to  establish  dry-bulb  temperature  leaving  conditioner.  Ducts 
intended  for  low  temperature  air  must  frequently  be  insulated  to  prevent 
condensation  on  outer  surfaces,  even  though  heat  saving  is  not  large 
enough  to  justify  the  cost  of  covering. 

It  is  seldom  that  standard  equipment  will  produce  exactly  the  com- 
bination of  dry-bulb  and  dew-point  temperatures  indicated  by  preceding 
calculations,  and  it  becomes  necessary  to  revise  assumptions  regarding 
grille  temperature,  air  quantity,  refrigerant  temperature,  and  air  velocity 
through  conditioner  until  the  proper  balance  is  obtained.  When  such 
alterations  fail  to  produce  desired  results,  reheating  is  indicated.  Re- 
heating methods  have  been  previously  mentioned  in  this  chapter. 

The  design  of  a  duct  distribution  system  for  cooling  is  accomplished  in 
the  same  manner  as  that  previously  described  for  heating  installations. 
For  cooling  spaces  prior  to  occupancy,  it  is  also  desirable  to  design  the 
return  air  ducts  of  sufficient  area  to  convey  100  per  cent  of  the  air  handled 
by  the  fan  and  the  same  recommendations  with  regard  to  the  outside  air 
duct  as  referred  to  in  the  heating  design  would  be  applicable  for  summer 
air  conditioning. 

CORRELATION  OF  SUMMER  AND  WINTER  DESIGN 

Frequently  the  quantity  of  air  required  for  the  central  system  in 
summer  conditioning  is  considerably  greater  than  the  quantity  required 
for  winter  conditioning.  In  practice,  volume  control  should  be  provided 
using  a  speed  regulator  on  the  fan,  or  dampers,  so  that  the  air  quantity 
may  be  changed  for  the  cooling  and  heating  cycles.  Sometimes  a  recalcu- 
lation using  different  entering  air  temperatures  will  permit  using  the  same 
quantity  of  air  all  year  round.  There  is  no  fixed  rule  or  method  for 
determining  the  most  practical  design  for  air  quantity  and  the  engineer 
should  use  discretion  to  a  large  extent  in  working  out  a  balanced  system. 

If  the  system  is  to  be  used  for  heating  only,  good  results  will  be  obtained 
with  supply  grilles  located  in  the  baseboard.  For  cooling  systems,  it  is 
better  to  locate  them  in  sidewalls  above  heads  of  occupants  or  in  the 
ceiling.  This  same  location  will  be  satisfactory  for  year-round  systems, 
especially  if  the  supply  temperature  in  winter  does  not  exceed  100  to 
110  F.  Air  distribution  is  discussed  in  more  detail  in  Chapter  30. 
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SELECTION  OF  EQUIPMENT 

The  type  of  system  to  be  used  is  controlled  by  the  existing  load  con- 
ditions, the  degree  of  perfection  expected  from  the  system,  and  the 
designer's  knowledge  of  the  operating  characteristics  of  the  various  types 
of  equipment.  Information  about  equipment  is  available  in  other 
chapters  and  in  the  Catalog  Data  Section. 

It  is  considered  good  practice  to  provide  for  total  recirculation  in  order 
to  reduce  operating  costs  during  unoccupied  periods.  And  it  is  also  less 
expensive  to  use  all  outdoor  air  for  cooling  when  the  outdoor  wet-bulb 
temperature  is  lower  than  that  of  the  return  air. 

The  process  of  evaporative  cooling  may,  in  some  localities,  provide 
interior  conditions  which  are  adequate  for  certain  occupancies.  Outdoor 
air  is  drawn  through  a  spray  of  recirculated  water  which  is  not  mechani- 
cally cooled.  The  equilibrium  temperature  for  heat  exchange  is  the  wet- 
bulb  temperature  of  the  entering  air.  In  actual  washers  (see  Chapter  26), 
the  dry-bulb  temperature  does  not  fall  to  the  wet-bulb  temperature  but 
only  approaches  it.  To  get  much  cooling  effect,  it  is  necessary  to  have 
a  large  differential  between  dry-  and  wet-bulb  temperatures  of  outdoor 
air.  Hence,  this  method  is  only  feasible  in  those  sections  where  the  air 
temperature  is  high  and  the  relative  humidity  is  low.  Also  because  the 
wet-bulb  temperature  of  the  air  does  not  change  in  passing  through  the 
spray,  this  method  is  not  recommended  for  cooling  loads  with  a  high 
proportion  of  latent  heat. 

In  ^  making  the  selection  between  spray  and  surface  dehumidifiers, 
certain  characteristics  of  each  should  be  considered.  A  spray  dehumidi- 
fier,  (i.e.,  dehumidifying  air  washer)  will  deliver  practically  saturated  airr 
the  temperature  of  which  is  determined  by  the  temperature  of  the  air 
washer  water.  The  control  in  this  case  is  the  control  of  the  water  tempera- 
ture and  cooling  effect  can  be  accomplished  by  an  external  water  cooler, 
a  natural  cold  water  supply,  or  coils  installed  directly  in  the  washer. 
The  washer  system  is  used  in  the  winter  time  for  humidifying  in  the  same 
way;  that  is,  by ^ controlling  the  water  temperature,  water  can  be  evapo- 
rated into  the  air.  This  may  require  preheating  the  air  before  entering 
the  washer,  or  the  use  of  an  external  water  heater,  or  steam  coils  directly 
in  the  washer.  Air  washers  also  have  the  ability  to  eliminate  certain 
kinds  of  dirt  and  dissolved  gases  and  some  odors. 

In  common  practice,  the  air  leaving  a  cooling  coil  is  not  saturated. 
But  as  most  comfort-conditioning  systems  require  some  differential 
between  delivery  dry-bulb  and  dew-point  temperatures,  it  frequently 
happens  that  by  careful  selection  the  right  combination  can  be  produced 
by  ythe  coil,  eliminating  the  need  of  reheating.  Strictly  speaking,  the 
desired  performances  will  be  obtained  only  at  full  load,  there  being  some 
fluctuation  in  room  relative  humidity  at  light  loads.  Such  variation  is- 
usually  within  the  allowable  limits  for  comfort  work.  It  is  essential  that 
a  good  filter  be  placed  ahead  of  a  cooling  coil,  otherwise  sufficient  dust 
will  soon  adhere  to  the  wet  coil  to  completely  block  the  air  passage. 
The  relation  between  sensible  and  latent  heat  is  of  great  importance  in 
the  performance  of  cooling  coils.  Unfortunately,  no  uniformity  exists  at 
present  in  stating  this  ratio;  and  the  several  possible  methods  are  given  in 
Table  1  together  with  typical  values  for  various  occupancies.  It  must  be- 
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remembered  that  these  values  are  typical  and  should  in  no  case  be 
arbitrarily  assumed  to  be  correct  for  any  given  problem. 

The  procedure  for  selecting  both  heating  and  cooling  coils  is  given  in 
Chapter  25,  and  coil  performance  tables  may  be  found  in  the  manufac- 
turers' catalogs.  Some  manufacturers  have  standardized  on  4-row  cooling 
coils  and  offer  them  at  lower  prices  per  square  foot  of  surface  than  for 
other  depths.  By  changing  face  velocity  within  permissible  limits,  4-row 
coils  can  be  adapted  to  many  cooling  jobs. 

The  characteristics  of  washers  are  discussed  in  Chapter  26.  Dimensions 
will  be  found  in  manufacturers'  catalogs. 

TABLE  1.    ROOM  HEAT  LOAD  RATIOS  FOR  TYPICAL  SUMMER  COMFORT  CONDITIONING 


ROOM  HEAT  LOAD  RATIOS* 

TYPICAL  CLASSES  OF  ROOM  SSSTICE  OB  LOAD 

No.  Occupants 
or  Sources 
of  Vapor 

Private 
Office  or 
Residence 

Restaurant 
or  Crowded 
Office 

Auditorium 
at  Capacity 
or  Crowded 

Restaurant 

Ballroom 
at 
Capacity 

SENSIBLE  HEAT 

1.00 
1.00 
0 

0 

0.90 
1.11 
0.10 
10.00 
9.00 
0.11 

0.80 
1.25 
0.20 
5.00 
4.00 
0.25 

0.70 
1.43 
0.30 
3.33 
2.33 
0.43 

0.60 
1.67 
0.40 
2.50 
1.50 
0.67 

TOTAL  HEAT 
TOTAL  HEAT 

SENSIBLE  HEAT 
LATENT  HEAT 

TOTAL  HEAT 
TOTAL  HEAT 

LATENT  HEAT 
SENSIBLE  HEAT 

LATENT  HEAT 
LATENT  HEAT 

SENSIBLE  HEAT 

*The  overall  heat  load  ratio  for  the  dehumidifier  will  be  different  from  the  heat  load  ratio  for  the  room. 
The  extent  of  the  difference  will  depend  on  the  quantity  and  condition  of  the  outside  air  used,  upon  the 
magnitude  of  the  duct  losses,  and  upon  whether  or  not  reheat  or  by-pass  is  used. 

If  coils  are  used,  humidification  may  be  accomplished  in  winter  by  use 
of  a  separate  humidifier.  On  small  installations,  the  simplest  method  is 
to  use  a  warm  water  spray  through  atomizing  nozzles,  using  a  pressure 
of  15  to  25  Ib  and  sufficient  nozzles  to  atomize  about  twice  the  amount 
of  water  needed  for  humidifying.  The  grains  of  moisture  to  be  added  to 
the  incoming  air  at  outside  design  temperature  to  bring  it  up  to  the 
required  room  dew-point  are  calculated.  This  is  converted  to  total 
pounds  of  water  per  hour  for  the  system  and  sprays  designed  for  twice  this 
amount.  Cold  water  will  not  vaporize  as  completely  as  warm  water,  and 
water  temperatures  from  120  to  150  F  are  commonly  used.  Another 
method  is  to  install  a  water  tank  in  the  air  stream  with  a  steam  coil  sub- 
merged in  the  tank,  the  humidification  being  accomplished  by  the  steam 
boiling  the  water  into  vapor,  which  in  turn  will  be  absorbed  by  the  passing 
air.  In  both  of  these  systems  there  is  a  tendency  to  deposit  lime  and 
other  impurities  on  any  surface  the  water  touches,  and  this  scale  should  be 
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cleaned  regularly  before  it  becomes  excessive.  Water  spray  should  not  touch 
the  steam  heating  coils  as  they  will  quickly  become  coated  with  scale.  The 
preferred  practice  is  to  install  sprays  between  coils  and  eliminator  plates. 

Sound  Control,  Filters,  Fans  and  Motors 

Problems  of  sound  control  should  be  jointly  considered  by  the  acous- 
tical and  air  conditioning  engineer  for  satisfactory  results.  Many  instal- 
lations require  noise  levels  which  are  relatively  low  and  for  that  reason 
equipment  must  be  selected  having  a  very  low  noise  rating.  In  central 
systems  consideration  should  also  be  given  to  the  lining  of  ducts  for  the 
reduction  of  noise  levels  within  an  enclosure.  Often  reduced  speeds  of 
equipment  and  low  air  velocities  are  helpful  in  eliminating  undesirable 
noise  conditions.  Information  is  given  in  Chapter  32  with  regard  to 
acceptable  noise  levels  for  various  types  of  rooms  and  methods  are  out- 
lined for  computing  length  of  duct  lining  materials. 

For  a  discussion  of  air  cleaning  devices  and  for  the  selection  of  all  types 
of  air  filtering  equipment  refer  to  Chapter  28.  The  selection  of  fans,  motors 
and  their  control  may  be  based  on  data  available  in  Chapters  29  and  35. 

Automatic  Control 

The  control  of  an  air  conditioning  system  is  very  important.  A  simple 
comfort  cooling  or  heating  installation  requires  a  minimum  of  control, 
whereas  a  more  complex  installation  justifies  a  more  complete  control. 
In  this  connection,  there  are  many  patents  allowed  and  pending  on  air 
conditioning  equipment  including  control,  and  the  designer  should  con- 
sider these  factors  in  selecting  equipment.  Refer  to  Chapter  33. 

Static  Pressure 

The  static  pressure  against  which  the  fan  must  operate  is  the  sum  of  all 
pressure  losses  through  all  parts  of  the  complete  system.  -Resistances  of 
equipment  such  as  coils,  washers,  filters,  and  grilles  are  obtained  from  data 
given  in  the  manufacturers'  catalogs.  Pressure  drop  in  the  duct  is  calcu- 
lated as  shown  in  Chapter  31. 

SPECIAL  CONSIDERATIONS 

In  designing  a  central  system  for  air  conditioning  there  are  a  number  of 
special  considerations  not  referred  to  previously  which  must  be  considered. 
Certain  features  of  building  constructions  are  important.  The  building 
must  be  suitable  in  construction  so  that  the  desired  conditions  can  be 
maintained  economically. 

For  instance,  excessive  sun  load  on  roofs  or  glass  windows  may  not 
only  cause  excessive  heat  gain  to  be  absorbed  by  refrigeration,  but  direct 
sun  radiation  heating  converts  a  surface  into  a  panel  heater.  This  radiant 
heat  is  not  absorbed  until  it  strikes  another  mass  such  as  a  building  wall, 
or  a  person.  It  is  therefore  possible  to  have  comfortable  air  conditions 
surrounding  a  person,  and  yet  have  him  uncomfortably  warm  from 
radiant  heat  from  a  hot  wall,  window,  or  ceiling  near  him.  As  another 
example,  it  is  much  better  to  provide  hoods  over  steam  tables,  coffee  urns, 
etc.,  than  to  try  to  remove  this  heat  by  mechanical  refrigeration. 

Another  problem  is  presented  with  winter  conditioning  for  maintaining 
satisfactory  relative  humidity.  If  30  to  40  per  cent  is  desired  at  all  times, 
no  matter  how  cold  it  is  outside,  excessive  condensation  may  collect  on 
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single  glass  windows,  or  on  hardware  which  connects  to  the  outside  such  as 
latches  and  hinges.  Condensation  on  windows  can  sometimes  be  pre- 
vented by  applying  a  small  amount  of  local  heat  under  the  window.  In 
other  cases  double  glass  or  storm  window  construction  is  used.  Refer  to 
Chapters  3  and  5  for  condensation  temperatures. 

In  many  cases,  different  zones  of  a  building  will  require  entirely  different 
treatment.  In  some  buildings  where  offices  are  exposed  on  all  four  sides 
to  sun  and  wind  effect,  cooling  is  required  on  the  sunny  side  and  heating 
is  required  on  the  shady  side  simultaneously,  in  spring  and  fall  seasons. 
The  central  system  must  be  carefully  zoned  to  apply  cooling  or  heating 
as  they  may  be  needed  for  each  zone,  independent  of  other  zones. 

In  many  existing  buildings,  the  central  system  will  be  added  to  a 
radiation  system  of  heating.  The  designer  should  take  full  avantage  of 
this  radiation  for  heating  the  outside  walls  and  windows.  At  the  same 
time,  it  must  be  controlled  to  prevent  overheating  the  whole  system.  A 
few  uncontrolled  radiators  will  often  change  the  heat  balance  and  cause 
excessive  overheating  of  the  whole  zone,  without  occupants  near  the 
radiators  realizing  the  source  of  the  trouble.  All  radiation  used  locally  in 
connection  with  the  control  system  should  be  equipped  with  automatic 
control  to  prevent  overheating. 

The  apparatus  should  be  placed  for  minimum  piping  and  duct  work 
but  it  must  be  accessible  for  maintenance,  repair,  and  cleaning.  The  air 
conditioning  unit  should  be  designed  to  provide  access  for  cleaning  coils, 
drip  pans,  eliminators  and  for  very  easy  maintenance  on  filters.  This 
equipment  will  be  in  operation  for  many  years,  probably  for  the  life  of  the 
building,  and  a  little  thought  spent  in  the  plan  will  simplify  maintenance 
and  assure  successful  results. 

Lastly,  an  air  conditioning  system  should  be  designed  from  the  stand- 
point of  safety  so  that  the  fire  hazard  will  be  kept  at  a  minimum,  and  the 
designer  should  acquaint  himself  with  existing  local  regulations. 

Example  L  With  the  assumed  values  as  indicated,  perform  the  essential  calculations 
to  determine  the  design  loads  for  heating  and  cooling  and  the  necessary  factors  for  de- 
signing the  distribution  system. 

Solution:    Design  Conditions. 

Outside  air  dry-bulb,  winter 0  F 

Outside  air  dry-bulb,  summer 95  F 

Outside  air  wet-bulb,  summer. 75  F 

Inside  air  dry-bulb,  winter. 72  F 

Inside  air  wet-bulb,  winter. 56  F 

Inside  air  relative  humidity,  winter 35  per  cent 

Inside  air  dry-bulb,  summer— « 80  F 

Inside  air  wet-bulb,  summer 66.7  F 

Inside  air  relative  humidity,  summer...- 50  per  cent 

200  people — 4  kw  light  load. 

Design  Heating  Load. 

Sensible  heat  loss  through  walls,  etc _ 200,000  Btu  per  horn- 
Outside  air— 2000  cfm  X  0.075  X  60  X  0.24  X(72  -  0)  =  155,500  Btu  per  hour 

„      .,.,    ,.          2000  X  0.075  X  60  X  (40  -  5)  X  1040          _  ^  ^          , 
Humidification =^~ =    46,900  Btu  per  hour 

Heat  loss  through  ducts 33,200  Btu  per  hour 

Heat  gain  from  lights,  etc Disregard 

Total  heating  load 435,600  Btu  per  hour 
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Design  Cooling  and  Dehumidifying  Load. 

Heat  gain  through  walls,  etc 

Heat  gain  from  occupants  (200) 

Heat  emission  from  appliances 

Heat  gain  from  lights  (4  kw)._ - 

Heat  gain  from  solar  radiation 

Totals. 


Sensible 
....128,350 
....  44,000 
....  2,000 
....  13,650 
....  12,000 

....200,000 
=    32,350 


Outside  air: 

2000  X  0.075  X  60  X  0.24  X  (95  -  80)   <• 
2000  X  0.075  X  60  X  (96  -  77.2)  X  1060  = 
7000 

Heat  gain  through  ducts 22,200 


Latent 

36,000 


36,000  Btu  per  hour 


25,600 


Totals.. 


254,550          61,600  Btu  per  hour 


Ratio  S.H.  to  T.H. 


0.85  (Room) 


Total  Cooling  Load         »  316,150  Btu  per  hour 
Tons  Cooling  Effect        =  26.4 

200,000 

236,000 
Design  Distribution  System  for  Heating 

a.  Total  heat  loss  in  space 
Assume  grille  temperature 

n  200,000 

y       60  X  0.075  X  0.24  X  (90  -  72) 

b.  Total  heat  loss  in  ducts  between  unit  and  grilles 


254,550 
316,150 


0.805  (Con- 
ditioner) 


60  X  0.075  X  0.24  X  10,300 
c.  90  F  plus  3  F 

Design  Distribution  System  for  Cooling 
a.  Total  sensible  heat  gain  in  space 
Assume  grille  temperature 
200,000 


=  10,300  cfm 


60  X  0.075  X  0.24  X  (80  -  62) 

b.  Latent  heat  gain  in  space  =  36,000  Btu  per  hour 

^  600  X  7000 

f     1060 

3970  -5-  770  ~  5.2  gr  per  potfnd  air  supplied 
Room  condition  =  80  F  DB,  50%  RH,  60  F  DP 
Gain  in  conditioned  space 

Specific  humidity  leaving  conditioner 

Grille  temperature  =  62  F  DB  and  58  F  DP 

c.  Duct  gain 

A,- 22'200    • 

60  X  0.075  X  0.24  X  10,300 

Leaving  coil  =  60  F  DB,  58.7  F  WB,  58  F  DP 


=    200,000  Btu  per  hour 
90  F 

=      10,300  cfm 
=      33,200  Btu  per  hour 
3F 

=  93  F  temperature 

leaving  coil 

=    200,000  Btu  per  hour 
62  F 

770  Ib  per  minute 
600  Btu  per  minute 
.3970  gr  per  minute 

77.2  gr  per  pound 
5.2  gr  per  pound 

72.0  gr  per  pound 

22,200  Btu  per  hour 
2  F  temperature  rise 


These  calculations  are  based  on  maximum  load  conditions  as  set  forth  in  the  design. 
For  intermediate  loads  the  calculations  may  show  entirely  different  relationship.  For 
example,  the  entering  air  temperature  will  approach  the  space  temperature  as  the 
sensible  heat  gain  or  loss  decreases,  due  to  outside  temperature  change,  entrance  or  exit 
of  people,  use  of  artificial  lighting,  direction  and  intensity  of  sun's  rays.  The  entering 
dew-point  will  remain  much  more  uniform  as  it  is  affected  by  changes  in  room  moisture 
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gain  only  and  this  does  not  fluctuate  greatly.    If  intermediate  load  conditions  are  im- 
portant the  calculations  should  be  repeated  for  those  loads. 

Example  2.  Determine  the  cooling  load  for  a  theater  if  the  following  design  con- 
ditions are  assumed.  A  dehumidifying  air  washer  is  to  be  used  with  and  without  the 
by-pass. 

Outside  air  dry-bulb.... 

Outside  air  wet-bulb— 

Inside  air  dry-bulb 

Inside  air  wet-bulb,. 


Minimum  outdoor  air._ 
People-- 
Lights,. 
Transmission  gain 

Solution.    Without  By-Pass. 


94  F 
75  F 
80F 
67  F 

,  6300  cf  m 
600 

4kw 
..110,000  Btu  per  hour 


where 


hi  = 

ho  — 


dry-bulb  temperature,  room  or  return  air,  degrees  Fahrenheit. 
dry-bulb  temperature  at  supply  grille,  degrees  Fahrenheit, 
saturation  temperature  leaving  washer,  degrees  Fahrenheit. 
dew-point  in  room,  degrees  Fahrenheit. 
dew-point  at  supply  grille,  degrees  Fahrenheit. 
enthalpy  of  room  air,  Btu  per  pound, 
enthalpy  of  outside  air,  Btu  per  pound. 
enthalpy  of  air  leaving  washer,  Btu  per  pound. 


Design  Cooling  Load. 

Transmission..™ 

People  (600)  _____ 

Lights  (4  kw)  ________________  * 


Sensible 

110,150 

132,000 

13,650 


Latent 
720,000 


Totals...- 
Determine  Air  Quantity 
Sensible  heat  gain  in  space 
Assume  grille  temperature 

255,800 

^  ~  60  X  0.24  (80  -  68) 
Minimum  outdoor  air 


...255,800  Btu  $er  hour       720,000  gr  per  hour 


1,480  Ib  per  min 
470  Ib  per  min 


=    255,800  Btu  per  hour 
68  F 

=      19,700  cfm 
=       6,300  cfm 


Return  air  =      1,010  Ib  per  min 

Moisture  gain  in  space  =  720,000  gr  per  hour 

12,000  4-  1,480  =  8.11  gr  per  pound  air  supplied 
Room  conditions  =  80  F  DB,  67  F  WB,  60  F  DP 
Gain  in  conditioned  space 

Specific  humidity  leaving  conditioner 
Grille  conditions  *=  68  F  DB  and  57  F  DP 
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Determine  Cooling  Load  on  Air  Washer 

Heat  removed,  outside  air  =  470  (fo  -  As)  =  470  (38.46  -  24.4)  =  6600  Btu  per  min 

Heat  removed,  return  air  =  1010  (hi  —  hi)  =  1010  (31.51  -  24.4)  =  7180  Btu  per  min 

Total  13,780  Btu  per  min 

Refrigerating  effect  =  13,780  -5-  200  =  68.9  tons. 

Determine  Reheating  Required 
H  =  W<v  (fe  -  fe) 

=  1480  X  0.24  (68  -  57)  -  3910  Btu  per  minute  -  234,600  Btu  per  hour. 

Solution.    With  By-Pass 


Out»d«r         Y 

U-, 

Grille 
D.B.-t2 
D.P.-tj  \ 

±T 

By-pass 

X 

Conditioned  space 
D.Bj.t! 
D.P.-ti 

Washer 

air 

Return  air 

where 

x  =  air  to  be  by-passed,  pound  per  pound  total  air. 

y  =•  air  passed  through  washer,  pound  per  pound  total  air. 

/4  =  dry-bulb  temperature  after  mixing  with  by-passed  air,  degrees  Fahrenheit. 

U  —  fe  if  no  temperature  rise  in  duct  is  assumed. 

Determine  Amount  of  By-Pass  Air  and  Saturation  Temperature  Leaving  Washer* 
tix  +  by  =  U 


68 
57 


20* 
x 

y 

80  X  0.55  +  0.45*3 


=    11 

=    0.55 

=  1  -  0.55  «  0.45 

=  68 
=  53.3  F 


Determining  Cooling  Load  on  Washer 
Air  through  washer  =  0.45  X  1480 
Outside  air 


665  Ib  per  min 
470  Ib  per  min 


Return  air  through  washer  =    195  Ib  per  min 

Heat  removed,  outside  air  =  470  (ho  -  W  =  470  (38.46  -  22.13)  = 

7680  Btu  per  min 
Heat  removed,  return  air  =  195  (hi  -  h*)  =  195  (31.51  —  22.13)  =  1830  Btu  per  min 


Total 

Refrigerating  effect 
Reheating — None. 


9510  +  200  =  47.55  tons 


9510  Btu  per  min 


Note:    The  Revised  Bulkeley  Psychrometric  Chart  and  Table  6,  Chapter  1  were  used 
in  the  solution  of  these  problems. 

*For  derivation  of  these  simultaneous  equations  see  page  190  of  THE  GUIDE  1937. 
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Chapter  21 

UNIT  HEATERS,  UNIT  VENTILATORS, 
UNIT  HUMIDIFIERS 

Unit  Heaters,  Ratings,  Unit  Ventilators,  Applications*  Window 
Ventilators,  Unit  Humidifiers,  Types  of  Units 

IN  other  chapters,  descriptions  are  given  of  heating,  cooling,  ventilating 
humidifying,  and  dehumidifying  systems.  The  success  of  such  systems 
has  led  to  the  production  of  factory-assembled  equipment  employing  a 
majority  of  the  principles  of  these  complete  systems.  As  a  result,  present 
day  practice  involves  the  use  of  unitary  equipment  in  the  majority  of 
installations  where  capacity  and  application  demands  are  within  the 
limits  of  such  units.  Thus  unit  heaters,  unit  ventilators,  and  unit  humidi- 
fiers described  in  this  chapter,  and  cooling  units,  unit  air  conditioners, 
and  attic  fans  described  in  Chapter  22  have  come  to  occupy  a  place  of 
their  own  in  the  industry. 

Unitary  Equipment 

Unitary  equipment  was  first  applied  in  units  of  small  capacity  but 
increased  experience  in  this  field  has  led  to  an  ever  widening  range  of 
capacities  and  applications.  In  general  a  unit  may  be  defined  as  a  factory- 
made  encased  assembly  of  the  functional  elements  indicated  by  its  name, 
such  as  unit  heater,  unit  ventilator,  etc.  These  units  are  shipped  sub- 
stantially complete  or  built  and  shipped  in  sections  so  that  the  only  field 
work  necessary  is  the  assembling  together  of  the  sections,  without 
resorting  to  any  field  fabrication. 

A  unit  may  be  complete  in  itself,  employing  its  own  direct  means  of 
air  distribution  and  source  of  heating,  in  which  case  it  thus  represents  a 
complete  self-contained  unit.  Or  it  may  be  coupled  with  separate  means 
of  air  distribution  such  as  duct  work  and  outlets,  in  which  case  it  will 
still  be  considered  as  a  unit  system,  as  contrasted  with  the  generally 
accepted  term  of  a  field  fabricated  central  station  system.  The  manu- 
facturer of  the  unit  is  responsible  for  the  output  and  performance  of  the 
unit  under  rated  conditions,  whereas  the  contractor  installing  the  com- 
plete unitary  system  is  normally  held  responsible  for  the  performance 
of  the  complete  system. 

Unit  equipment  justifies  its  existence  due  to  the  following  features: 

1.  Lower  cost  per  unit  capacity.  Standardized  design  and  volume  production  makes 
possible  low  cost  factory  assembly  thereby  eliminating  individual  design  and  handling  of 
every  part  for  each  installation. 
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2.  Flexibility  and  mobility  of  equipment.    Unitary  equipment  can  be  readily  located 
in  existing  buildings  without  the  necessity  of  running  large  ducts  through  floors  and 
many  partitions.     Such  equipment  can  be  shifted  to  meet  changing  requirements. 
Tenants  may  obtain  the  advantages  of  conditioning  when  the  entire  building  is  not 
equipped  with  a  conditioning  system.     In  industrial  process  work,  the  flexibility  of 
unitary  equipment  is  also  advantageous. 

3.  Lower  installation  costs.    The  fact  that  the  equipment  arrives  on  the  job  in  an 
assembled  condition,  coupled  with  the  lesser  problems  of  duct  work  and  connecting 
piping,  materially  reduces  installation  costs. 

4.  Small  capacities.     The  small  capacities  available  in  unitary  equipment  have 
brought  the  advantages  of  controlled  air  conditions  to  a  number  of  small  offices,  stores, 
shops,  and  individual  rooms  where  specially  designed  and  built  central  system  equipment 
would  have  been  uneconomic. 

Definitions 

With  the  growth  of  the  unit  equipment  industry,  it  becomes  increas- 
ingly evident  that  there  is  no  sharp  line  of  demarcation,  on  the  basis  of 
capacity,  between  a  unit  and  a  central  plant  system.  The  definitions 
contained  in  a  code,  Standard  Method  of  Rating  and  Testing  Air  Con- 
ditioning Equipment1,  have  helped  to  clarify  and  identify  the  various 
types  of  equipment  since  the  definitions  are  given  on  a  purely  functional 
basis.  The  following  definitions  are  taken  from  the  code : 

1.  &  Heating  Unit  is  a  specific  air  treating  combination  consisting  of  means  for  air 
circulation  and  heating  within  prescribed  temperature  limits. 

2.  A  Heating  Air  Conditioning  Unit  is  a  specific  air  treating  combination  consisting 
of  means  for  ventilation,  ^air  ^circulation,  air  cleaning  and  heat  transfer  with  control 
means  for  heating  and  maintaining  humidity  within  prescribed  limits. 

3.  A  Humidifying  Unit  adds  water  vapor  to  and  circulates  air  in  a  space  to  be  hu- 
midified. 

4.  A  Free  Delivery  Type  Unit  takes  in  air  and  discharges  it  directly  to  the  space  to  be 
treated  without  external  elements  which  impose  air  resistance. 

5.  A  Pressure  Type  Unit  is  for  use  with  one  or  more  external  elements  which  impose 
air  resistance. 

UNIT  HEATERS 

A  unit  heater  consists  of  the  combination  of  a  heating  element  and  fan 
or  blower  having  a  common  enclosure  and  placed  within  or  adjacent  to 
the  space  to  be  heated.  Generally  no  ducts  are  attached  to  inlets  or 
outlets,  although  it  is  common  practice  with  many  unit  heater  appli- 
cations to  equip  the  heaters  with  directional  outlets  or  adjustable  louvers. 
While  unit  heaters  are  designed  primarily  to  handle  all  recirculated  air, 
they  may  be  installed  to  handle  either  partial  or  total  outdoor  air. 

Features 

A  wide  variety  of  structural  designs  is  available.  All  employ  some 
form  of  heat  transfer  surface,  supplied  with  steam,  hot  water,  gas  or 
electric  heat.  Air  is  always  forced  over  or  drawn  through  the  heat 
transfer  surface  by  a  fan  of  either  the  propeller  or  centrifugal  type.  Heat- 
ing surfaces  may  be  in  the  form  of  non-ferrous  or  steel  pipe  coils,  non- 
ferrous  or  steel  pipe  with  extended  surfaces,  cast-iron,  or  pressed  or 
built-up  sections  of  the  cartridge  or  automotive  type. 

1Prepared  by  a  Joint  Committee  of  the  American  Society  of  Refrigerating  Engineers,  AMERICAN  SOCIETY 
OF  HEATING  AND  VENTILATING  ENGINEERS,  Refrigerating  Machinery  Association,  National  Electrical  Manu- 
facturers' Association  and  Air  Conditioning  Manufacturers'  Association. 
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Compared  with  the  older  method  of  heating  by  radiation,  properly 
designed  and  applied  unit  heaters  should : 

1.  Circulate  air  in  the  building  at  a  rapid  rate  but  without  objectionable  draft. 

2.  Reduce  the  temperature  differential  between  the  floor  and  ceiling. 

3.  Direct  the  heated  air  so  that  uniform  temperature  distribution  will  be  obtained 
throughout  the  heated  space. 

4.  Prevent  or  remove  the  cold  stratum  of  air  commonly  found  at  the  floor  level. 

5.  Reduce  the  number  of  heating  elements  required  and  thereby  decrease  the  cost 
and  extent  of  the  piping  necessary. 

6.  Maintain  a  closer  control  of  room  temperature  either  manually  or  by  means  of 
simple  thermostats. 

7.  Produce  an  economy  in  heating  costs  resulting  from  the  sum  total  of  the  above 
advantages. 

8.  Provide  a  means  ^of  saving  floor  area  or  room  space  due  to  the  compactness  of  the 
equipment  and  flexibility  of  application. 


IE1LIN©  U 


FIG.  2.   SUSPENDED  UNIT  HEATER, 
PROPELLER  TYPE  FAN 


FIG.  1.   FLOOR  MOUNTED  UNIT  HEATER, 
HOUSED  TYPE  FAN 


Types  of  Units 

There  are  two  major  types  of  unit  heaters,  centrifugal  housed  fan  type 
and  propeller  fan  type.  The  housed  fan  high  velocity  (1500  to  2500  fpm) 
discharge  units,  with  outlets  adjustable  to  deliver  air  in  several  directions, 
are  able  to  project  their  heating  effect  over  distances  of  from  30  ft  to  as 
much  as  200  ft  from  the  unit.  This  makes  possible  the  location  of  these 
units  at  considerable  distances  from  each  other,  thus  reducing  greatly  the 
piping  and  loss  of  floor  space  due  to  the  heating  equipment.  Figs.  1  and 
3  illustrate  the  housed  fan  type  of  unit. 

Propeller  fan  type  of  unit  heater  is  used  extensively  to  heat  the  small 
commercial  establishment,  although  this  type  of  unit  is  also  available  in 
very  large  sizes.  Fig.  2  illustrates  a  propeller  fan  type  of  heater.  A  code2 
governing  the  number  of  sizes  of  propeller  fan  type  units  as  well  as 

Standards  for  Propeller  Type  Unit  Heaters  prepared  and  adopted  by  the  Industrial  Unit  Heater  Asso- 
ciation, June,  1938. 
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standardization  of  fan  motor  types  and  the  method  of  specifying  outlet 
velocities  has  been  adopted. 

Ratings 

Standard  practice  is  to  rate  unit  heaters  in  Btu  per  hour  at  a  given 
temperature  of  air  entering  the  heater  and  at  a  given  steam  pressure 
maintained  in  the  coil.  Steam  at  2  Ib  pressure  and  air  entering  at  60  F 
are  used  as  the  standard  basis  of  rating3.  The  capacity  of  a  heater 
increases  as  the  steam  pressure  increases,  and  decreases  as  the  entering 
air  temperature  increases.  The  heating  capacity  for  any  condition  of 
steam  pressure  and  entering  air  temperature  may  be  calculated  approxi- 
mately from  any  given  rating  by  the  use  of  factors  in  Tables  1  and  2. 
Table  1  is  used  for  the  blow-through  type  and  Table  2  for  the  draw- 
through  type  of  unit.  The  formulae  given  under  unit  ventilators  for 
calculating  capacities  also  apply  to  unit  heaters. 


AIR 
BY-PASS 


FIG.  3.    SUSPENDED  TYPE  UNIT  HEATER,  HOUSED  TYPE  FAN 

The  temperature  to  be  maintained4  in  the  room,  for  recirculating 
heaters  with  intakes  at  the  floor  level,  should  be  considered  as  the  tem- 
perature of  the  air  entering  the  heater.  Where  outside  air  is  introduced, 
the  temperature  of  the  mixture  must  be  calculated  and  used  as  the 
entering  air  temperature  to  the  heater.  Unit  heaters  taking  in  recircu- 
lated  air  at  the  floor  level  should  maintain  temperature  differentials  of 
less  than  0.5  deg  per  foot  of  elevation  when  the  maximum  capacity  of  the 
heaters  is  required.  This  temperature  difference  per  foot  of  elevation  is 
less  than  the  corresponding  variations  for  spaces  heated  by  direct  radi- 
ation. 

The  temperature  variation  from  floor  to  ceiling  with  suspended  unit 
heaters  taking  air  at  some  distance  above  the  floor  may  reach  as  much  as 
1  deg  per  foot  of  elevation  during  the  periods  when  the  maximum  capacity 
of  the  heaters  is  required.  Thus  this  allowance  should  be  made  in  calcu- 

•A.S.H.V.E.  Standard  Code  for  Testing  and  Rating  Steam  Unit  Heaters  (A.S.H.V.E.  TRANSACTIONS, 
Vol.  36.  1930,  p.  165). 

*A.S.H.V.E.  RESEARCH  REPORT  No.  958 — Temperature  Gradient  Observations  in  a  Large  Heated  Space, 
by  G.  L.  Larson,  D.  W.  Nelson,  and  O.  C.  Cromer  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39,  1933,  p.  243). 

A.S.H.V.E.  RESEARCH  REPORT  No.  1011 — Tests  of  Three  Heating  Systems  in  an  Industrial  Type  of  Build- 
ing, by  G.  L.  Larson,  D.  W.  Nelson,  and  John  James  (A.S.H.V.E.  TRANSACTIONS,  Vol.  41,  1935,  p.  185). 
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lating  the  capacity  of  suspended  heaters.  High  velocity  discharge  units 
(blower  type  illustrated  in  Fig.  3)  will  maintain  slightly  lower  temperature 
differences  than  will  low  velocity  units  (propeller  fan  type  illustrated 
in  Fig.  2). 

Unit  heaters  are  customarily  rated  as  free  delivery  type  units.  If 
outside  air  intakes,  filters,  or  ducts  on  the  discharge  side  are  used  with  the 
heater,  proper  consideration  should  be  given  to  the  reduction  in  air  and 
heating  capacity  that  will  result  because  of  this  added  resistance. 

The  percentage  of  this  reduction  in  capacity  will  depend  upon  the 
charactertistics  of  the  heater  and  on  the  type,  design  and  speed  of  the 
fans  so  that  no  specific  percentage  reduction  can  be  assigned  for  all 
heaters  at  a  given  added  resistance.  In  general,  however,  disc  or  propeller 
fan  type  units  will  experience  a  larger  reduction  in  capacity  than  housed 
centrifugal  fan  units  for  a  given  added  resistance  and  a  given  heater  will 
have  a  larger  reduction  in  capacity  as  the  fan  speed  is  lowered.  When 
confronted  with  this  problem  the  ratings  under  the  conditions  expected 
should  be  secured  from  the  manufacturer. 

Boiler  Capacity 

The  capacity  of  the  boiler  should  be  based  on  the  rated  capacity  of  the 
heaters  at  the  lowest  entering  air  temperature  that  will  occur,  plus  an 
allowance  for  line  losses.  Ordinarily  for  recirculating  heaters  the  lowest 
entering  temperature  will  occur  at  the  beginning  of  the  heating  period 
and  is  usually  taken  as  40  F,  while  for  ventilators  taking  air  from  outdoors 
the  lowest  entering  temperature  will  be  the  extreme  outdoor  temperature 
expected  in  the  district.  No  greater  allowance  in  boiler  capacity  beyond 
the  calculated  heat  demand  need  be  added  in  order  to  supply  unit  heaters 
than  for  any  other  type  of  system.  * 

It  is  unwise  to  install  a  single  unit  heater  as  the  sole  load  on  any  boiler, 
particularly  if  the  unit  heater  motor  is  started  and  stopped  by  thermo- 
static  control.  The  wide  and  sudden  fluctuations  of  load  that  occur 
under  such  conditions  would  require  closer  attendance  to  the  boiler  than 
is  usually  possible  in  a  small  installation.  Where  oil  or  gas  is  used  to 
fire  the  boiler,  it  is  possible  by  means  of  a  pressurestat  to  control  the 
boiler,  in  response  to  this  rapid  fluctuation.  In  most  cases,  however,  and 
particularly  where  the  boiler  is  coal-fired,  it  is  advisable  to  use  two  or 
more  smaller  heating  units  instead  of  one  large  unit. 

Steam  pressures  below  5  Ib  can  be  used  with  safety  for  recirculating 
unit  heaters  when  their  coils  are  designed  for  the  purpose  and  when  proper 
provision  is  made  for  returning  the  condensate.  If  ventilators  are  to  take 
in  air  that  may  be  at  a  temperature  below  freezing,  however,  a  steam 
pressure  of  not  less  than  5  Ib  should  be  maintained  on  the  convector  or  a 
corresponding  differential  in  pressure  between  the  supply  and  returns  be 
maintained  by  means  of  a  vacuum. 

Piping  Connections 

Piping  connections  for  unit  heaters  are  similar  to  those  for  other  types 
of  fan  blast  heaters.  The  piping  around  the  unit  heaters  must  strictly 
conform  to  the  system  requirements  while  at  the  same  time  permitting 
the  heaters  themselves  to  function  as  intended.  The  basic  piping  princi- 
ples for  steam  systems  are  discussed  in  Chapter  14. 
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TABLE  1.  CONSTANTS  FOR  DETERMINING  THE  CAPACITY  OF  B!OW-THROUGH  TYPE  UNIT  HEATERS  FOR  VARIOUS  STEAM  PRESSURES 
AND  TEMPERATURES  OF  ENTERING  AIR 

(Based  on  Steam  Pressure  of  2  Ib  Gage  and  Entering  Air  Temperature  of  60  F) 
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Rapid  condensation  of  steam,  especially  during  heating-up  periods, 
is  characteristic  of  this  type  of  equipment.  The  piping  must  be  planned 
to  accommodate  this  rapid  condensation,  must  keep  the  surfaces  free  of 
water;  while  on  the  supply  side  the  piping  must  be  ample  to  carry  a  full 
supply  of  steam  to  the  surfaces  to  take  the  place  of  that  condensed. 

Adequate  size  of  pipe  is  thus  essential  to  all  heating  surfaces  over 
which  there  is  a  forced  flow  of  air.  Especially  is  this  true  where  the  fan 
is  operated  under  start-and-stop  control  and  where  the  air  handled  may 
be  made  up  either  wholly  or  partly  of  cold  air  from  outside  the  building. 
In  such  installations  the  condensation  rate  may  vary  rapidly  and  the 
necessity  for  ample  pipe  capacity  is  especially  acute. 

A  method  of  connecting  a  unit  heater  to  a  one-pipe  gravity  system  is 
illustrated  in  Fig.  4.  In  those  cases  where  the  unit  heater  is  to  be  con- 


Union  -*T7 


FIG.  4.    UNIT  HEATER  CONNECTION  TO          FIG.  5.    UNIT  HEATER  CONNECTION  TO 
ONE-PIPE  GRAVITY  STEAM  SYSTEM  GRAVITY  SYSTEM  WITH  WET  AND  DRY 

RETURNS 

nected  to  a  dry  return  instead  of  a  wet  return  it  is  necessary  to  provide  a 
water  pocket  or  loop  about  5  ft  in  depth  to  prevent  steam  passing  into  the 
return  and  thus  into  other  equipment. 

A  method  of  connection  is  shown  in  Fig.  5,  where  there  is  a  wet  return 
and  a  dry  return.  In  this  case  the  condensate  from  the  heater  and  the 
drip  from  the  supply  main  drop  to  the  wet  return  by  gravity,  while  the 
air  passes  upward  through  the  traps  to  the  dry  return  and  is  vented  from 
the  system  at  any  suitable  location. 

A  sketch  of  an  arrangement  where  there  is  a  dry  return  line  through 
which  both  air  and  condensate  pass  to  be  handled  by  some  suitable  means, 
such  as  a  condensate  pump  and  receiver  is  given  in  Fig.  6.  The  return  line 
is  not  subjected  to  vacuum,  and  consequently  all  arrangements  must 
facilitate  gravity  flow  of  the  condensate  toward  the  receiver.  Traps  must 
pass  air  and  condensate  rapidly  to  keep  the  return  piping  only  partially 
full  of  water. 
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Since^  unit  heaters  are  often  constructed  with  sufficient  strength  to 
resist^  high  pressures,  use  of  high  pressure  steam  in  them  is  a  common 
practice.  In  Fig.  7  the  condensate  and  air  reach  the  return  overhead 
through  traps,  and  check  valves  are  located  in  the  return  piping. 

For  two-pipe  closed  gravity  return  systems,  the  return  from  each  unit 
should  be  fitted  with  a  heavy  duty  or  blast  trap,  and  an  automatic  air 
valve  should  be  connected  into  the  return  header  of  each  unit.  Pressure 
drop  must  be  compensated  for  by  elevation  of  the  heater  above  the  water 
line  of  the  boiler  or  of  the  receiver. 

In  pump  and  receiver  systems  the  air  may  be  eliminated  by  individual 
air  valves  on  the  heaters,  or  it  may  be  carried  into  the  returns  the  same 
as  for  vacuum  systems  and  the  entire  return  system  be  free- vented  to  the 
atmosphere,  provided  all  units,  drip  points,  and  radiation  are  properly 
trapped  to  prevent  steam  entering  the  returns. 

High-pressure  trap  v 


Drip  pocket 

"   ,-Dnp  pocket 

FIG.  6.    UNIT  HEATER  CONNECTION  FOR       FIG.  7.    METHOD  OF  CONNECTING  UNIT 
VACUUM  OR  VAPOR  SYSTEM  DISCHARGING         HEATER  TO  HIGH  PRESSURE  RETURN 
CONDENSATION  INTO  DRY  RETURN 

On  vacuum  or  open  vented  systems  the  return  from  each  unit  should 
be  fitted  with  a  large  capacity  trap  to  discharge  the  water  of  condensation 
and  with  a  thermostatic  air  valve  for  eliminating  the  air,  or  with  a  heavy- 
duty  trap  for  handling  both  the  condensation  and  the  air,  provided  the 
air  finally  can  be  eliminated  at  some  other  point  in  the  return  system. 

For  high  pressure  systems  the  same  kind  of  traps  may  be  used  as  with 
vacuum  systems,  except  that  they  must  be  constructed  for  the  pressure 
used.  If  the  air  is  to  be  eliminated  at  the  return  header  of  the  unit,  a 
high  pressure  air  valve  can  be  used;  otherwise  the  air  may  be  passed  with 
the  condensate  through  the  high-pressure  return  trap,  with  some  danger  of 
return  pipe  corrosion  and  the  problem  of  its  elimination  at  some  other 
point  in  the  system. 

Application 

Unit  heaters  are  used  principally  for  commercial  and  industrial  appli- 
cations such  as  display  rooms,  garages,  factories,  factory  offices  and  to 
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some  extent  for  office  applications  where  appearance  is  not  a  major  factor. 

Unit  heaters  may  be  adapted  to  a  number  of  industrial  processes,  such 
as  drying  and  curing,  with  which  the  use  of  heated  air  in  rapid  circulation 
with  uniform  distribution  is  of  particular  advantage.  They  may  be  used 
for  moisture  absorption,  such  as  fog  removal  in  dye  houses,  or  for  the 
prevention  of  condensation  on  ceilings  or  other  cold  surfaces  of  buildings 
in  which  process  moisture  is  given  off.  When  such  conditions  are  severe, 
it  is  necessary  that  the  heaters  draw  air  from  outside  in  enough  volume  to 
provide  a  rapid  air  change  and  that  they  operate  in  conjunction  with 
ventilators  or  fans  for  exhausting  the  moisture-laden  air.  (See  discussion 
of  condensation  in  Chapter  3.) 

There  are  three  major  factors  to  consider  in  the  application  of  unit 
heaters,  as  follows: 

1.  Location  of  Unit. 

2.  Air  Distribution. 

3.  Heating  Medium. 

Heaters  may  be  distributed  through  the  central  portions  of  a  room 
discharging  toward  exposed  surfaces,  or  may  be  spaced  around  the  walls, 
discharging  along  the  walls  and  inward  as  well,  especially  when  there  are 
considerable  roof  losses. 

Suspended  type  units  are  located  in  an  elevated  position  withdrawing 
air  from  this  higher  level  and  discharging  the  heated  air  down  into  the 
working  zone.  This  type  of  installation  is  illustrated  in  Figs.  2  and  3. 
Suspended  type  units  provide  excellent  temperature  distribution. 

In  closely  occupied  spaces  where  direct  air  drafts  into  the  working  zone 
are  not  permitted,  the  floor  mounted  unit  will  give  more  uniform  tem- 
perature distribution.  These  units  draw  the  cold  air  from  the  floor  and 
discharge  the  heated  air  above  the  working  zone. 

In  general,  it  is  better  to  direct  the  discharge  from  the  unit  heaters  in 
such  fashion  that  rotational  circulation  of  the  entire  room  content  is 
set  up  by  the  system  rather  than  to  have  the  heaters  discharge  at  random 
and  in  counter-directions. 

Various  types  and  makes  of  unit  heaters  are  illustrated  in  the  Catalog 
Data  Section  of  this  edition.  Usually  hot  blasts  of  air  in  working  zones 
are  objectionable,  so  heaters  mounted  on  the  floor  should  have  their 
discharge  outlets  above  the  head  line  and  suspended  heaters  should  be 
placed  in  such  manner  and  turned  in  such  direction  that  the  heated  air 
stream  will  not  be  objectionable  in  the  working  zone.  In  the  interest  of 
economy,  however,  the  elevation  of  the  heater  outlet  and  the  direction 
of  discharge  should  be  so  arranged  that  the  heated  air  shall  be  brought  as 
close  to  the  head  line  as  possible,  yet  not  into  the  working  zone.  In 
general,  the  higher  the  elevation  of  the  unit,  the  greater  the  volume  and 
velocity  required  to  bring  the  warm  air  down  to  the  working  zone,  and 
consequently,  the  lower  the  required  temperature  of  the  air  leaving  the 
unit. 

Low  or  high  pressure  steam  as  well  as  hot  water  are  generally  used 
in  unit  heaters.  Direct-fired  units  are  also  available.  Superheated  steam 
can  be  satisfactorily  used  in  unit  heaters  provided  the  capacity  is  based 
on  saturated  steam  temperature  and  not  on  the  total  temperature.  If 
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unusually  high  superheat  is  used,  trouble  may  be  experienced  from  the 
excessive  expansion  and  contraction  of  the  heating  elements. 

Electric,  Direct- Fired,  and  Turbine-Driven  Units 

The  foregoing  discussion  relates  generally  to  units  in  which  steam  or 
hot  water  is  used  as  the  heating  medium.  Electric  unit  heaters  are  applied 
where  electric  power  is  abundant  and  cheap  and  where  other  forms  of 
fuel  are  scarce  and  expensive.  The  low  first  cost,  easy  control,  and 
inexpensive  installation  of  this  type  of  heating  have  also  accounted  for 
many  other  installations  in  which  electricity  has  conveniently  provided 
heat  for  short  periods  of  time.  (See  Chapter  43.) 

A  recent  development  in  gas  burning  equipment  is  the  direct-fired 
industrial  unit  heater.  These  heaters  are  of  the  warm-air  type  and  are 
equipped  with  fans  which  cause  the  air  to  pass  over  the  heating  surfaces 
at  a  fairly  high  velocity  and  then  direct  the  warm  air  into  the  space  to  be 
heated.  As  is  the  case  with  the  steam-fed  unit  heaters,  the  gas-fired 
appliances  may  be  used  for  heating  stores,  shops,  and  warehouses.  They 
usually  are  suspended  in  the  space  to  be  heated  and  in  most  instances 
leave  the  entire  floor  and  wall  area  free  for  commercial  use.  Partial  or 
complete  automatic  control  also  may  be  secured  on  appliances  of  this 
type.  This  type  of  heater  is  often  used  for  temporary  heat  during  building 
construction  or  where  the  installation  of  a  steam  or  hot  water  plant  is  for 
some  reason  not  justified.  For  permanent  installations,  it  is  usually 
advisable  to  provide  an  exhaust  duct  from  the  gas-fired  unit  heaters  to 
remove  products  of  combustion  from  the  occupied  space.  While  this  is 
not  necessary  in  large  open  industrial  plants,  in  smaller  closed  rooms, 
it  becomes  essential. 

Where  high  pressure  steam  is  available  it  is  sometimes  used  to  drive  a 
steam  turbine  direct-connected  to  the  unit  heater.  The  exhaust  from  this 
turbine,  reduced  in  pressure,  is  then  passed  into  the  heating  coil  where  it  is 
condensed  and  returned  to  the  boiler. 

UNIT  VENTILATORS5 

Unit  ventilators  are  similar  in  principle  to  unit  heaters  since  ventilators 
incorporate  an  encased  heating  surface  through  which  outside  air  is 
forced  by  means  of  a  blower  or  fan  and  may  or  may  not  have  provision  for 
recirculation  of  air.  While  unit  heaters  are  largely  used  for  commercial 
and  industrial  applications,  unit  ventilators  are  intended  primarily  for 
schools,  offices,  and  semi-commercial  establishments.  A  typical  unit 
ventilator  is  illustrated  in  Fig.  8. 

Specifications 

Unit  ventilators  usually  consist  of  a  semi-decorative  cabinet  containing 
the  following  necessary  or  optional  parts : 

1.  Outside  air  inlet. 

2.  Inlet  damper  for  closing  the  opening  to  the  outside  air  inlet  when  the  unit  is  not 
in  use. 


5A  roof  ventilator  is  sometimes  termed  a  unit  ventilator.     For  information  on  roof  ventilators,  see 
Chapter  41. 
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3.  Adhesive  or  dry  type  filters  for  cleaning  the  air  (optional). 

4.  A  heating  element  usually  of  special  design  and  intended  for  low  pressure  steam. 

5.  Motor  and  fan  assembly. 

6.  Mixing  chamber  where  warm  and  cold  air  streams  are  brought  together. 

7.  Outdoor  air  inlet  and  recirculating  air  mixing  damper  (optional). 

8.  Discharge  grille  or  diffuser. 

9.  Temperature  control  arrangement. 

Functions  and  Features 

The  primary  functions  and  features  of  a  unit  ventilator  are : 

1.  To  supply  a  given  quantity  of  outdoor  air  for  ventilation  or  to  mix  indoor  and 
outdoor  air.    (See  A.S.H.V.E.  Ventilation  Standards,  Chapter  46.) 

2.  To  warm  the  air  to  approximately  the  room  temperature  if  the  unit  is  intended  for 
ventilation  only,  or  to  a  higher  temperature  if  it  is  intended  to  take  care  of  all  or  a  part 
of  the  heat  transmission  losses  from  the  room. 


t    OUTSIDE 


DAMPERS 


FIG.  8.    TYPICAL  UNIT  VENTILATOR  SHOWING  ONE  OF  MANY  ARRANGEMENTS 
OF  DAMPERS  AND  HEATING  COILS 

3.  To  control  the  temperature  of  the  air  delivered  so  as  to  prevent  both  cold  drafts 
and  overheating.    (See  Chapter  33.) 

4.  To  deliver  air  to  the  room  in  such  a  manner  that  proper  distribution  is  obtained 
without  drafts. 

5.  To  recirculate  room  air  for  the  purpose  of  heating  or  promoting  comfort  when  venti- 
lation is  unnecessary.    (Ordinances  should  be  consulted.) 

6.  To  perform  all  its  functions  without  objectionable  noise. 

7.  To  clean  the  air  properly. 

In  general  the  features  of  this  type  of  unit  are  quite  similar  to  those 
given  for  unit  heaters. 

Ratings 

Unit  ventilators  are  customarily  furnished  with  two  ratings,  one 
established  by  anemometer  readings  and  the  other  by  condensation.  The 
latter  is  for  standard  air.  For  the  former,  capacities  vary  from  750  to 
10,000  cfm.  Each  size  may  be  equipped  with  radiators  for  various  rates 
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TABLE  3.   TYPICAL  CAPACITIES  OF  UNIT  VENTILATORS 
FOR  AN  ENTERING  AIR  TEMPERATURE  OF  ZERO 


CUBIC  FEET  OP  Am  PEB  MINUTE 

TOTAL  CAPACITY  IN 

CAPACITY  AVAILABLE  FOB  HEAT- 

FINAL  AIR 

TBltPBRATURE 

Anemometer 

Condensate 

ALENT  DIRECT  RADIATION 

EQOTYALEOT  DIRECT  RADIATION 

(Duo  FAHR) 

Rating 

Rating 

750 

500 

214 

56 

95 

1000 

750 

320 

84 

95 

1260 

1000 

427 

112                             95 

1560 

1250 

534 

141                             95 

of  condensation,  to  give  different  final  temperatures  for  a  given  air  capac- 
ity and  entering  temperature,  thus  enabling  the  engineer  to  select  the 
unit  best  adapted  to  the  heating  and  ventilating  load.  Relatively  low 
final  temperatures  are  conducive  to  the  smallest  temperature  variation 
throughout  a  room.  Table  3s  shows  the  air  handling  capacities  by  the 
two  methods  of  rating  and  also  approximate  heating  data. 

If  no  direct  heating  surface  (radiation)  is  installed,  the  combined  heat- 
ing and  ventilating  requirements  must  be  taken  care  of  by  the  unit 
ventilators,  and  the  total  heat  to  be  supplied  is  obtained  by  means  of 
the  following  formulae: 


When  all  of  the  air  handled  by  the  unit  is  taken  from  the  outside, 

Ht  =  0.24  W  (ty  -  *o) 
W  =  d  60  Q 


(1) 
(2) 

(3) 


*       0.24TF  ^ 
where 

d  =  density  of  air,  pounds  per  cubic  foot. 
H  —  heat  loss  of  room,  Btu  per  hour. 

fly  —  heat  required  to  warm  air  for  ventilation,  Btu  per  hour. 
Ht  —  total  heat  requirements  for  both  heating  and  ventilation,   Btu  per  hour 

«  H  +  Hy. 

Q  =  volume  of  air  handled  by  the  ventilating  equipment,  cubic  feet  per  minute. 
t  =  temperature  to  be  maintained  in  the  room. 
*o  =  outside  temperature. 
ty  —  temperature  of  the  air  leaving  the  unit. 
W  =  weight  of  air  circulated,  pounds  per  hour. 
0.24  =  specific  heat  of  air  at  constant  pressure. 


From  Equations  1F  2  and  3: 


+  0.24  d  60  Q  (t  - 


(4) 


Example  1 .  The  heat  loss  of  a  certain  room  is  24,000  Btu  per  hour,  and  the  ventilating 
requirements  are  1000  dm.  If  the  room  temperature  is  to  be  70  F  and  all  air  is  taken 
from  the  outside  at  zero,  what  will  be  the  total  heat  demand  on  the  unit  if  it  is  required 
to  provide  for  both  the  heating  and  ventilating  requirements  (combined  system)? 

Solution.    H  =  24,000;  d  =  0.075;     Q  -  1000  cfm;  *  =  70  F;  fe  -  0  F. 


*A.S.H.V.E.  Standard  Code  for  Testing  and  Rating  Steam  Unit  Ventilators  (A.S.H.V-.E.  TRANSACTIONS. 
Vol.  38,  1932,  p.  25). 
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Substituting  in  Equation  4: 

Ht  =  24,000  +  0.24  X  0.075  X  60  X  1000  (70-0)  =  99,600  Btu  per  hour 
24,000 


0.24  X  0.075  X  60  X  1000 


+  70  -  92.2  F. 


When  part  of  the  air  handled  by  the  unit  is  taken  from  the  room  and  the 
remainder  from  the  outside, 

Ht  =  0.24Tf0  (ty  -  O  +  0.24  Wi  (ty  -  /)  (5) 

where 

WQ  —  weight  of  air,  pounds  per  hour  taken  from  out-of-doors. 
W{  =  weight  of  air,  pounds  per  hour  taken  from  the  room. 

W0  =  <*o  60  &  (6) 

Wi  -  di  60  ft  (7) 

where 

do  =*  density  of  air,  pounds  per  cubic  foot  at  temperature  to. 
di  =  density  of  air,  pounds  per  cubic  foot  at  temperature  /. 
Qo  »  volume  of  air  taken  in  from  the  outside,  cubic  feet  per  minute. 
Qi  =  volume  of  air  taken  in  from  the  room,  cubic  feet  per  minute. 

rr 

**  "  0.24  (Wc  +  Wi)  +  *  (8) 

Ht  =  H  +  0.24  do  60  Qo  «  -  «  (9) 

Equations  5,  6,  7,  8,  and  9  may  be  used  in  the  same  manner  as  is 
illustrated  above  for  Equations  1,  2,  3,  and  4.  It  may  be  noted  in  Equa- 
tion 9,  representing  the  total  heat  requirements,  that  as  the  quantity 
Qo  is  diminished  the  heat  requirements  for  the  unit  diminish  very 
materially. 

In  Example  1,  if  the  quantity  of  air  taken  in  from  the  outside  is  reduced 
to  zero,  or  all  of  the  air  handled  by  the  unit  is  recirculated,  the  total  heat 
requirements  Ht  reduce  from  99,600  to  24,000  Btu  per  hour,  or  to  about 
one  fourth.  Such  a  unit  handling  one  third  of  its  air  volume  from  the 
outside  and  two  thirds  from  the  room  would  show  a  total  heat  require- 

QQ  finn  94.  nnn 

ment  of  24,000  +  ^'°UU   ^    *M*JU   =    ^^  Btu  per  hom.      Un}ts 

designed  and  operated  on  this  principle  show  an  average  heat  requirement 
and,  therefore,  a  boiler  capacity  requirement  of  less  than  50  per  cent  of 
that  required  for  units  taking  all  their  air  from  the  outside. 

If  all  of  the  air  is  recirculated,  the  total  heat  required  is  the  same  as  the 
heat  loss  of  the  room,  or 

Ht  =  H  =  0.24  W  (iy  -  0  (10) 

If  the  heat  loss  of  the  room  is  to  be  taken  care  of  by  the  direct  heating 
surface,  the  unit  ventilators  will  be  required  to  warm  the  air  introduced 
for  the  ventilating  requirements.  Therefore: 

23V  -  0.24  W  (ty  -  fe)  (11) 

In  this  case  ty  should  be  equal  to  or  slightly  higher  than  t.  If  the  unit 
ventilator  were  of  such  capacity  as  to  exactly  provide  for  the  ventilating 
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requirements,  the  direct  radiation  would  be  selected  on  the  usual  basis. 
However,  it  is  necessary  to  employ  a  unit  which  may  not  exactly  meet  the 
ventilating  requirements,  since  standard  units  are  usually  rated  in  terms 
of  the  volume  of  air  that  will  be  delivered  at  a  certain  temperature  ty  for 
an  initial  temperature  of  4.  Therefore  a  certain  amount  of  heat  (H^) 
may  be  available  from  the  unit  ventilator  for  heating  purposes,  as  pre- 
viously stated,  and  the  amount  of  equivalent  direct  heating  surface  may, 
if  desired,  be  deducted  from  the  amount  required  for  heating  the  room. 

Applications 

Items  to  be  considered  in  the  application  of  unit  ventilators  include 
the  following : 

1.  Combination  with  other  means  of  heating. 

2.  Location  of  units, 

3.  Method  of  venting. 

In  a  split  system  the  unit  is  used  primarily  for  ventilation.  Air  is 
delivered  to  the  room  at  very  near  the  room  temperature,  and  enough 
separate  direct  heaters  are  placed  in  the  room  to  warm  it  to  the  desired 
temperature,  independently  of  the  unit.  Their  principal  advantage  lies 
in  offsetting  the  cooling  effect  of  window  and  wall  surfaces  long  before 
these  can  be  heated  to  room  temperature  and  in  retaining  heat  for  this 
purpose  after  the  ventilation  is  shut  down. 

Where  the  unit  ventilator  selected  has  a  capacity  more  than  sufficient 
to  warm  the  air  needed  to  meet  the  ventilating  requirements,  a  corre- 
sponding reduction  may  be  made  in  the  amount  of  direct  heating  surface 
installed.  The  greater  the  amount  of  excess  capacity  of  the  unit,  the 
more  efficient  will  be  the  temperature  regulation  of  the  room.  The  split 
system  permits  the  heating  of  the  room  during  failure  of  electric  current, 
since  the  direct  radiators  will  furnish  heat,  but  it  permits  a  careless  oper- 
ator to  avoid  operating  the  ventilating  equipment. 

A  combined  system  employs  the  unit  ventilator  alone,  its  capacity 
being  sufficient  both  for  ventilation  and  for  supplying  the  heat  loss. 
Direct  heating  surface  is  omitted  altogether.  It  becomes  necessary  then 
that  the  fan  be  running  whenever  the  room  is  to  be  heated  but  this  also 
gives  assurance  of  ventilation,  especially  if  automatic  dampers  are  used 
in  the  air  intake  from  out-of-doors  and  in  the  recirculating  intake  arranged 
so  as  to  give  a  certain  quantity  of  air  from  the  outside  (commensurate 
with  weather  conditions)  whenever  the  unit  is  operating  and  after  the 
room  is  heated.  The  cost  of  installation  of  a  combined  system  is  usually 
less  than  that  of  a  split  system  and  there  is  less  danger  of  overheating, 
but  if  the  electric  energy  fails  there  will  be  practically  no  heating. 

The  location  of  the  unit  ventilator  in  a  room  is  important.  Wherever 
possible  it  should  be  placed  against  an  outside  wall.  It  is  difficult  to 
obtain  proper  air  distribution  if  the  unit  is  erected  either  on  an  inside 
wall  or  in  a  corner  of  the  room.  Standard  units  discharge  the  air  stream 
upward,  but  for  special  cases  units  may  be  installed  to  discharge  air 
horizontally.  Units  may  be  set  away  from  the  wall  or  partially  recessed 
into  the  wall  to  save  space  without  materially  affecting  the  results.  The 
air  inlet  may  enter  the  cabinet  at  the  back  at  any  point  from  top  to 
bottom 
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The  size  and  location  of  the  vent7  outlet  is  important.  In  many  cases 
the  sizes  for  public  buildings  are  regulated  by  law,  but  the  location  of  the 
vents  generally  is  left  to  the  discretion  of  the  engineer. 

Best  results  have  been  obtained  with  a  velocity  through  the  vent 
openings  nearly  equal  to  that  at  which  the  air  is  introduced  into  the  room, 
thus  maintaining  a  slight  pressure  in  the  room.  Calculated  velocities  at 
the  vent  openings  of  from  600  to  800  fpm  produce  the  best  diffusion 
results  from  this  system. 

The  cross-sectional  area  of  the  vent  flue  itself  may  be  figured  on  the 
basis  of  15  sq  in.  of  flue  for  each  100  cfm.  Thus  the  vent  flue  area  of  a 
flue  for  a  room  equipped  with  one  1200  cfm  unit  ventilating  machine 
would  be  180  sq  in.  The  area  of  vent  flue  opening  from  the  room  may  be 
figured  on  the  basis  of  25  sq  in.  per  100  cfm. 

In  school  buildings  provided  with  wardrobes  or  cloakrooms  the  vents 
may  be  so  located  that  the  air  shall  pass  through  these  spaces,  heating  and 
ventilating  them  with  air  which  otherwise  would  be  passed  to  the  outside 


FIG.  9.    TYPICAL  WINDOW  VENTILATOR 

without  being  used  to  the  best  advantage.    Many  state  codes  for  venti- 
lation of  public  buildings  make  this  arrangement  mandatory. 

There  has  been  much  controversy  over  the  use  of  corridor  ventilation 
in  school  building  practice,  one  group  holding  the  view  that  when  each 
classroom  has  a  separate  vent  flue  there  is  a  minimum  fire  risk  and  less 
likelihood  of  cross-contamination,  while  others  emphasize  the  economy 
features  of  the  corridor  discharge  and  minimize  the  fire  contamination, 
and  other  hazards. 

WINDOW  VENTILATORS 

A  window  ventilator  consists  of  filters  and  motor  driven  fans  enclosed 
in  a  cabinet  to  be  mounted  on  the  window  sill  of  homes  or  offices.  These 
units  accomplish  ventilation,  air  cleaning,  and  air  circulation.  The 
direction  of  air  discharge  is  manually  adjustable  for  seasonal  operation. 
Fig.  9  illustrates  a  unit  of  this  type. 


'A.S.H.V.E.  RESEARCH  REPORT  No.  936 — Investigation  .of  Air  Outlets  in  Class  Room  Ventilation,  by 
G.  L.  Larson,  D.  W.  Nelson,  and  R.  W.  Kubasta  (A.S.H.V.'E.  TRANSACTIONS,  Vol.  38,  1932,  p.  463). 

A.S.H.V.E.  RESEARCH  REPORT  No.  1017 — Air  Supply  to  Classrooms  in  Relation  to  Vent  Flue  Openings. 
by  F.  C.  Houghten,  Carl  Gutberlet.and  M.  F.  Lichtenfels  (A.S.H.V.E.  TRANSACTIONS,  Vol.  41, 1935,  p.  279) . 
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UNIT  HUMIDIFIERS 

A  unit  humidifier  consists  essentially  of  some  type  of  equipment  for 
adding  moisture  to  the  air,  usually  a  fan  to  draw  the  air  through  the 
humidifier,  and  in  some  cases  tempering  coils  and  filters,  all  encased  in  a 
single  cabinet.  These  units  are  generally  used  in  conjunction  with  heating 
systems  which  do  not  provide  the  necessary  humidification  during 
winter  operation. 

In  any  type  of  unit  humidifier,  the  process  of  adding  moisture  to  the 
air  requires  heat  from  a  heating  coil,  water ,  or  air  itself. 


CABINET  DOOR" 


FIG.  10.    TYPICAL  UNIT  HUMIDIFIER  OF  THE  SPRAY  TYPE  FOR  USE  IN 
THE  ROOM  BEING  HUMIDIFIED 


FIG.  11.   TYPICAL  UNIT  HUMIDIFIER  OF  THE  SPRAY  TYPE  WITH  STEAM  COIL 
TO  PREHEAT  THE  AIR  FOR  RESIDENCES 

Types  of  Units 

Small  unit  humidifiers  in  decorative  casings  are  made  for  applications 
where  it  is  desired  to  place  the  unit  directly  in  the  room  to  be  humidified. 
These  units  are  usually  of  the  atomizing  type  and  are  completely  self- 
contained.  The  humidifier  water  is  supplied  by  a  reservoir  which  must  be 
refilled  at  intervals.  In  most  units  the  fine  spray  of  water  is  mixed  with 
some  room  air  and  the  mixture  is  discharged  directly  into  the  room.  The 
heat  required  for  humidification  in  this  method  is  obtained  by  trans- 
forming some  of  the  sensible  heat  of  the  air  to  latent  heat.  A  unit  of  this 
type  is  illustrated  in  Fig.  10. 

Another  type  of  small  unit  humidifier  employs  the  principle  of  vapor- 
izing the  water  by  the  direct  application  of  heat.  One  method  commonly 
used  is  to  immerse  an  electric  heating  element  in  a  reservoir  of  water 
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to  heat  it  until  some  of  the  water  is  vaporized  into  the  air  stream.  This 
type  of  unit  is  usually  used  in  the  same  range  of  capacities  as  the  spray 
type  described  previously. 

A  third  type  of  unit  humidifier  used  extensively  is  the  larger  spray 
type  of  unit  to  deliver  enough  humidifying  capacity  for  a  residence.  In 
this  type  of  unit  either  the  water  or  air  is  heated.  Fig.  11  illustrates 
a  typical  unit  of  this  type.  These  units  usually  include  air  filters  and  in 
some  cases  provide  ventilation  air  by  means  of  an  outside  air  duct  connec- 
tion to  the  unit.  The  units  are  available  for  either  floor  or  ceiling  mounting 
and  are  usually  placed  in  a  central  location  in  the  basement  with  short 
supply  and  return  duct  connections  from  the  first  floor.  Room  air  is 
brought  into  the  unit  through  the  return  duct  connection  and  first  passes 
over  a  tempering  coil  heated  by  steam  or  hot  water,  then  is  humidified  by 
passing  through  some  type  of  spray  humidifier.  Surplus  moisture  is 
removed  by  an  eliminator  and  the  humidified  air  is  delivered  to  the  room 
through  a  duct  connection.  Since  a  large  percentage  of  the  tempering  coil 
capacity  is  transformed  into  latent  heat  during  the  humidifying  process, 
the  unit  does  not  generally  eliminate  any  existing  steam  radiation  but 
does  tend  to  improve  comfort  conditions  by  supplying  heating  during  the 
off-period  of  furnace  operation. 

For  a  complete  discussion  of  the  principles  of  the  various  methods  of 
humidification,  refer  to  Chapter  26. 
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Chapter  22 

UNIT  AIR  CONDITIONERS,  COOLING  UNITS, 
ATTIC  FANS 

Unit  Air  Conditioners,  Functions,  Types,  Application,  Cooling 
Units,  Attic  Fans 

A  UNIT  is  an  assembly  of  the  functional  elements  indicated  by  its 
name,  such  as  air  conditioning  unit,  room  cooling  unit,  etc.  A  unit 
of  this  type  may  be  complete  in  itself  employing  its  own  direct  means  of 
air  distribution  and  source  of  refrigeration  or  heating,  in  which  case  it 
represents  a  complete  self-contained  unit.  Or  it  may  be  coupled  with 
separate  means  of  refrigeration  and  air  distribution,  in  which  case  it  will 
still  be  considered  a  unit  system  in  comparison  with  customary  field 
fabricated  central  station  systems. 

The  code,  Standard  Method  of  Rating  and  Testing  Air  Conditioning 
Equipment1,  defines  the  various  types  of  unitary  equipment: 

1.  A  Cooling  Unit  is  a  specific  air  treating  combination  consisting  of  means  for  air 
circulation  and  cooling  within  prescribed  temperature  limits. 

2.  An  Air  Conditioning  Unit  is  a  specific  air  treating  combination  consisting  of  means 
for  ventilation,  air  circulation,  air  cleaning  and  heat  transfer  with  control  means  for 
maintaining  temperature  and  humidity  within  prescribed  limits. 

3.  A  Cooling  Air  Conditioning  Unit  is  a  specific  air  treating  combination  consisting 
of  means  for  ventilation,  air  circulation,  air  cleaning  and  heat  transfer  with  control 
means  for  cooling  and  maintaining  humidity  within  prescribed  limits. 

4.  A  Self-Contained  Air  Conditioning  or  Cooling  Unit  is  one  in  which  a  condensing 
unit  is  combined  in  the  same  cabinet  with  the  other  functional  elements.    Self-contained 
air  conditioning  units  are  classified2  according  to  the  method  of  rejecting  condenser  heat 
(water  cooled,  air  cooled,  and  evaporatiyely  cooled),  method  of  introducing  ventilation 
air  (no  ventilation,  ventilation  by  drawing  air  from  outside,  ventilation  by  exhausting 
room  air  to  the  outside,  or  ventilation  by  a  combination  of  the  last  two  methods),  and 
method  of  discharging  air  to  the  room  (free  delivery  or  pressure  type). 

5.  A  Free  Delivery  Type  Unit  takes  in  air  and  discharges  it  directly  to  the  space  to  be 
treated  without  external  elements  which  impose  air  resistance. 

6.  A  Pressure  Type  Unit  is  for  use  with  one  or  more  external  elements  which  impose 
air  resistance. 

UNIT  AIR  CONDITIONERS 

This  equipment  takes  the  form  of  an  encased  assembly  including  the 
apparatus  necessary  to  perform  either  some  or  all  of  the  functions  of 


1Prepared  by  a  Joint  Committee  of  the  American  Society  of  Refrigerating  Engineers,  AMERICAN  SOCIETY 
OF  HEATING  AND  VENTILATING  ENGINEERS,  Refrigerating  Machinery  Association*  National  Electrical  Manu- 
facturers' Association  and  Air  Conditioning  Manufacturers1  Association. 

"Standard  Method  of  Rating  and  Testing  Self-Contained  Air  Conditioning  Units  for  Comfort  Cooling 
prepared  by  a  Joint  Committee  of  the  American  Society  of  Refrigerating  Engineers,  AMERICAN  SOCIETY 
OF  HEATING  AND  VENTILATING  ENGINEERS,  Refrigerating  Machinery  Association,  National  Electrical  Manu- 
facturers' Association,  and  Air  Conditioning  Manufacturers1  Association. 
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cooling,  dehumidifying,  filtering,  ventilation,  air  circulation,  heating,  and 
humidifying.  Control  of  the  air  conditions  is  provided  by  manual 
switches,  automatic  devices  or  a  combination  of  the  two.  The  controls 
are  usually  mounted  on  the  units. 

The  various  elements  required  to  produce  the  effects  on  the  conditioned 
air  are  discussed  herewith  under  separate  headings. 

Heating 

Heating  in  the  air  conditioning  unit  is  ordinarily  accomplished  by  a 
heating  coil  of  the  non-ferrous  finned  tube  type  supplied  with  either  steam 
or  hot  water.  The  steam  or  hot  water  is  supplied  from  an  external  source. 

In  some  cases  the  heating  element  may  be  an  electric  heater.  Where 
electric  power  is  low  in  cost,  air  conditioning  units  may  provide  heat  from 
encased  or  open  strip  heaters  (see  Chapter  43).  Radiant  electric  heaters 
are  seldom  used  except  as  their  radiant  heat  is  absorbed  by  some  receiving 
wall  and  then  transmitted  to  the  air  in  the  form  of  convected  heat. 

Humidifying 

Humidifying  the  air  requires  a  source  of  heat  which  may  be  supplied 
by  applying  heat  directly  to  the  humidifier  water,  by  applying  heat  to 
the  air  to  be  humidified,  or  by  picking  up  heat  directly  from  the  air. 

The  oldest  and  best  known  method  of  humidifying  air  is  by  means  of 
a  spray.  The  simplest  system  is  that  in  which  the  spray  water  is  furnished 
from  a  constant  water  source,  and  the  excess  is  permitted  to  run  to  waste. 
The  spray  effect  may  be  accomplished  either  by  a  direct  atomizing  type 
which  breaks  the  water  down  into  fine  particles  by  passing  it  through 
nozzles,  or  the  water  may  be  directed  in  a  fine  jet  to  a  flat  surface  or 
target.  In  these  methods  some  of  the  sensible  heat  of  the  air  is  trans- 
formed into  latent  heat.  These  methods  are  normally  inefficient  in  the 
use  of  water.  In  some  cases,  the  spray  is  impinged  against  a  heated 
surface,  thereby  evaporating  some  of  the  water  to  increase  the  humidi- 
fying capacity.  While  this  is  practical  in  some  instances,  there  is  always 
the  danger  of  scale  formation  where  hard  water  is  employed.  A  direct 
steam  spray  is  used  in  industrial  applications  but  is  seldom  used  in  air 
conditioning  units  for  comfort  work  due  to  the  resulting  odors. 

A  popular  method  is  to  use  a  drip  humidifier.  In  this  type,  the  water 
flow  is  controlled  by  a  solenoid  valve  and  the  water  is  poured  into  a 
pan.  The  pan  contains  a  series  of  small  holes  through  which  the  water 
passes  and  drips  over  a  built-up  section  of  galvanized  screening.  The 
air  passes  through  the  screens  and  picks  up  moisture. 

Another  method  of  humidifying  is  the  evaporative  pan  type.  This  is 
used  in  comfort  conditioning  units  and  consists  of  a  container  offering  as 
much  water  surface  as  possible  and  equipped  with  means  of  heating 
the  water.  The  heat  may  be  applied  either  electrically,  by  steam,  hot 
water,  or  by  circulation  of  the  water  from  a  heated  space  through  the 
evaporating  pan.  Since  the  humidification  is  accomplished  by  surface 
evaporation  only,  if  low  pressure  steam  or  hot  water  is  used,  it  is  essential 
that  the  air  stream  be  directed  across  the  surface  and  that  the  evaporating 
surface  be  large.  The  evaporative  pan  type  of  humidification  limits  the 
water  wastage  and  is  usually  supplied  with  water  through  a  float  valve. 
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Due  to  the  collection  of  salts  in  this  evaporating  pan  such  humidifying 
systems  require  occasional  drainage  and  cleaning. 

Other  methods  of  humidification  attempted  in  air  conditioning  units 
are  through  the  use  of  wetted  fabrics,  porous  earthenware  plates,  or  other 
capillary  surfaces.  These  methods  rely  upon  the  capillary  absorption  of 
the  moisture  from  the  liquid  level  into  the  portion  exposed  to  the  air. 
They  have  a  tendency  to  lose  their  effectiveness  due  to  the  resulting 
deposit  of  mineral  salts  at  the  evaporating  surfaces  thereby  clogging  the 
pores  and  reducing  the  contact  of  the  air  with  the  water.  Also  they 
frequently  become  foul  and  often  support  bacterial  growth. 

Cooling  and  Dehumidifying 

The  cooling  and  dehumidifying  effects  on  air  are  produced  either 
simultaneously  as  in  the  case  of  a  direct  expansion  cooling  coil,  or  sepa- 
rately as  in  the  case  of  an  adsorption  process  and  separate  cooling  coil. 

In  conditioning  units,  the  use  of  surface  cooling  is  probably  the  most 
common  method  of  producing  reduction  in  dry-bulb  temperature  of  the 
air  and  dehumidification  simultaneously.  The  type  of  surface  employed 
may  be  cast  or  fabricated  from  tubes.  In  present  day  practices  finned 
tubes  or  plate  fins  through  which  tubes  are  passed  form  the  most  generally 
used  cooling  surface.  The  detailed  fabrication  of  this  surface  and  the 
arrangement  of  the  tubes  will  depend  largely  upon  the  type  of  refrigerant 
for  which  it  is  intended. 

The  simplest  construction  is  that  in  which  chilled  water  or  brine  is  used 
as  the  refrigerating  medium.  With  direct  expansion  refrigerant  it  is 
usually  necessary  to  provide  a  special  arrangement  of  headers  so  that 
proper  distribution  of  refrigerant  through  all  the  surface  is  obtained.  In 
some  cases,  ordinary  brine  coils  can  be  used  when  operated  as  a  flooded 
refrigerant  system.  In  some  units  a  combination  of  a  direct  spray  and  a 
refrigerant  surface  is  used,  the  spray  being  directed  against  the  surface. 
Such  systems  claim  the  advantage  of  air  washing  together  with  the 
maintenance  of  a  clean  and  effective  cooling  coil. 

When  suface  coolers  are  used,  adequate  protection  in  the  form  of  filters 
or  at  least  lint  screens  are  necessary  to  prevent  fouling  of  the  surface 
from  the  air  borne  dirt.  Surfaces  not  so  protected  frequently  become 
completely  matted  with  lint,  grease,  and  similar  dirt. 

The  sources  of  refrigeration  used  with  these  surface  type  conditioning 
units  are  discussed  in  Chapter  24.  However,  they  may  be  divided  into 
the  following  groups: 

1.  Direct  expansion  refrigerant  in  which  the  liquid  refrigerant  is  evaporated  within 
the  coils  of  the  unit.    The  vapor  from  these  coils  may  be  recompressed  in  centrifugal, 
rotary,  or  reciprocating  type  compressors,  and  the  refrigerant  again  returned  to  the 
evaporator  coil. 

2.  Indirect  refrigeration  by  means  of: 

a.  Cold  well  water. 

b.  Cold  city  water. 

c.  Artificial  refrigerated  water  provided  by  direct  expansion  of  refrigerant  in  a 
water  cooler,  direct  steam  jet  refrigeration,  or  by  the  melting  of  ice. 

Another  direct  means  of  cooling  and  dehumidification  is  through  the 
use  of  ice.  In  such  units  the  ice  is  brought  into  as  intimate  contact  as 
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possible  with  the  air  handled.  Provision  is  made  for  the  removal  of  the 
moisture  as  rapidly  as  it  is  formed  from  the  melting  of  the  ice.  Ice  is  also 
used  to  cool  water  which  is  circulated  through  the  sprays. 

Other  methods  of  dehumidification  accomplished  by  direct  contact 
with  the  transfer  medium  are  by  means  of  the  so-called  adsorption  and 
absorption  systems.  (See  Chapter  23.)  It  must  be  recognized  that 
these  methods  of  dehumidification  do  not  in  themselves  provide  cooling. 
The  substance  removes  the  water  vapor  from  the  air  thereby  heating  it. 
This  highly  dehumidified  air  may  then  be  cooled  either  by  partial 
rehumidification  or  by  direct  contact  with  a  cooling  medium  of  cold 
water  or  direct  expansion  refrigerant. 

Filtering 

The  filtering  or  air  cleaning  function  of  an  air  conditioning  unit  is 
accomplished  in  a  variety  of  ways  depending  upon  the  amount  of  filtering 
required.  In  unit  systems  where  filtering  alone  is  considered  satisfactory, 
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FIG.  1.    SELF-CONTAINED  ROOM  TYPE  AIR  CONDITIONING  UNIT  FOR  COOLING 

the  degree  of  filtering  varies  widely  and  in  proportion  to  the  actual  needs. 
If  the  air  is  chiefly  recirculated  with  but  little  outside  air  used  for  venti- 
lation, filtering  requirements  are  largely  limited  to  keeping  the  coils  in 
a  clean  and  operable  condition.  Thus  such  units  are  frequently  furnished 
with  simple  lint  screens  of  low  resistance  and  formed  of  moderately  close 
meshed  wire.  Where  outside  air  is  used  for  ventilation,  more  complete 
filtering  of  dust  particles  is  necessary  and  for  this  purpose,  there  are  a 
large  number  of  filters  available  on  the  market.  Some  of  these  filters  are 
of  the  so-called  throw-away  type,  constructed  of  inexpensive  material  so 
that  when  they  become  dirty  or  clogged  they  may  be  thrown  away  and 
replaced  with  new  ones.  All  of  these  filtering  methods  are  described  in 
detail  in  Chapter  28. 

Ventilating 

The  ventilating  function  or  introduction  of  outdoor  air  is  an  important 
consideration  in  air  conditioning  units  for  comfort  cooling.  While  a  unit 
that  recirculates  all  its  air  capacity  is  still  considered  an  air  conditioning 
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unit,  the  better  type  system  provides  for  the  introduction  of  a  certain 
proportion  of  outdoor  air.  In  some  instances  one  of  several  units  may 
operate  entirely  on  outside  air,  while  in  other  cases  only  a  portion  of  the 
air  handled  by^  the  unit  is  drawn  from  out-of-doors.  In  such  cases  a 
damper  is  provided  either  in  the  unit  or  in  the  duct  connections  for  con- 
trolling the  proportion  of  outdoor  air. 

Types  of  Units 

Several  types  and  designs  of  air  conditioning  units  are  available  for 
selection.  New  designs  are  constantly  appearing,  with  new  improve- 
ments, greater  capacities,  wider  range  of  application,  and  superior 
construction.  Air  conditioning  units  may  be  classified  into  the  fol- 
lowing types : 

1.  Self-contained  air  conditioning  units. 

a.  Room  air  conditioners  for  mounting  either  on  the  floor  or  window  sill.    The 
condensers  are  either  air,  water,  or  evaporatively  cooled. 

b.  Store  air  conditioners  for  mounting  either  inside  the  conditioned  space  and 
discharging  air  directly  from  the  unit,  or  located  outside  the  conditioned  space 
with  ducts  connected  to  the  unit.    The  condensers  in  this  type  of  unit  are  water 
cooled. 

2.  Remote  air  conditioning  units.    These  may  be  either  the  suspended  type  or  floor 
type.    Design  of  the  floor  type  of  unit  varies  depending  upon  the  type  of  application. 
Units  for  multiple  installation  in  office  buildings  or  hotels,  units  for  individual  offices, 
and  commercial  refrigeration  units  are  some  of  the  varieties  manufactured. 

The  self-contained  room  air  conditioning  units  are  finished  in  deco- 
rative cabinets  to  harmonize  with  the  interiors  of  residences  or  offices. 
For  the  operation  of  this  unit  it  is  only  necessary  that  it  be  located 
adjacent  to  a  window  or  shaft  to  which  air  connections  can  be  made  and  to 
plug  in  the  motors  to  a  convenient  light  socket.  A  unit  of  this  type  is 
illustrated  in  Fig.  1.  In  this  particular  unit,  the  conditioned  air  enters 
on  the  side,  passing  through  a  grille,  filter,  and  cooling  coil,  and  is  de- 
livered vertically  to  the  room  through  a  special  motor  and  fan  assembly. 
Refrigeration  is  furnished  by  a  reciprocating  compressor  driven  from  a 
motor  located  in  the  base.  This  compressor  utilizes  an  air  cooled  con- 
denser. Air  is  drawn  into  the  base  by  a  fan  mounted  on  the  compressor 
motor,  so  arranged  that  the  air  passes  through  the  refrigeration  condenser 
and  is  again  discharged  out  through  the  window  connection.  A  novel 
feature  of  this  design  is  that  the  condensate  from  the  cooling  coil  is 
sprayed  over  the  condenser  surface  and  there  vaporized,  thus  eliminating 
the  need  for  drain  connections.  One  advantage  of  this  type  of  con- 
ditioning unit  is  that  it  may  be  removed  from  the  occupied  space  during 
the  winter  season  when  cooling  is  not  needed. 

Other  self-contained  room  air  conditioners  are  available  with  water 
cooled  or  evaporatively  cooled  condensers.  In  the  water  cooled  unit,  a 
water  connection  and  drain  must  be  made  to  the  unit,  thus  reducing  the 
mobility  of  the  unit.  The  evaporative  cooled  condenser  model  also 
requires  a  small  water  connection  to  supply  the  necessary  water  to 
evaporatively  cool  the  condenser. 

Self-contained  room  air  conditioners  have  been  made  in  sizes  from  J^  to 
1J^  hp.  The  J^  and  J^  hp  sizes  are  usually  window  type  units  with  air 
cooled  condensers- 
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Self-contained  air  conditioning  units  for  stores  and  other  commercial 
establishments  have  achieved  prominence  in  the  last  few  years.  These 
units  range  in  capacity  from  1  to  15  hp.  The  equipment  is  enclosed  in 
steel  casings  and  in  sizes  up  to  10  hp  is  finished  to  harmonize  with  the 
interior  of  commercial  establishments.  The  units  use  water  cooled 
condensers  and  are  designed  for  floor  mounting.  Units  in  sizes  up  to  and 
including  5  hp  usually  include  air  distributors  to  discharge  the  air  directly 
into  the  conditioned  space,  thus  eliminating  the  cost  of  duct  work.  The 
air  distributors  are  adjustable  to  direct  the  air  flow  in  such  a  manner  to 
provide  even  air  distribution  in  the  space  being  conditioned.  These  units 
may  use  100  per  cent  recirculated  air  or  may  supply  quantities  of  ventila- 
tion air  by  means  of  a  duct  connected  from  outdoors  to  the  inlet  of  the  unit. 
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FIG.  2.    SELF-CONTAINED  STORE  TYPE  AIR  CONDITIONING  UNIT 


Self-contained  store  units  above  5  hp  are  usually  located  adjacent  to 
the  conditioned  space  and  ducts  connected  from  the  unit  to  outlets  in  the 
conditioned  space.  This  is  necessary  because  it  is  not  usually  possible 
to  evenly  distribute  the  large  volumes  of  air  handled  by  these  units  from 
a  single  air  distributor.  The  larger  units  are  therefore  not  as  decoratively 
finished  since  they  are  placed  outside  the  conditioned  space. 

Another  problem  in  the  design  of  these  units  is  to  provide  a  means  of 
removing  the  heat  of  compression  and  the  heat  of  the  motor  from  the 
unit.  This  may  be  done  by  a  small  water  cooled  cooling  coil  placed 
inside  the  condensing  unit  compartment.  The  same  water  is  passed 
through  the  water  cooled  condenser.  In  the  larger  sizes,  the  enclosure 
around  the  condensing  unit  is  perforated  or  screened  so  that  the  ambient 
air  removes  the  condensing  unit  heat.  This  is  possible  since  the  units 
are  placed  outside  the  conditioned  space  and  appearance  of  the  unit  is 
not  a  major  factor.  A  third  method  used  with  units  located  in  the 
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conditioned  space  is  to  pass  some  of  the  recirculated  air  through  the 
condensing  unit  compartment  then  up  into  the  air  conditioner  section. 
This  method  reduces  the  net  cooling  effect  of  the  unit  since  some  of  the 
cooled  air  is  used  to  remove  heat  from  the  condensing  unit  enclosure. 

Store  units  usually  provide  for  the  inclusion  of  heating  coils  and  humidi- 
fying equipment  as  optional  equipment  where  winter  ventilation  and 
circulation  are  desired. 

A  typical  self-contained  store  air  conditioning  unit  is  illustrated  in 
Fig.  2.  In  this  particular  unit  the  air  enters  a  grille  located  at  the  front 
of  the  unit,  passes  through  a  filter,  and  is  discharged  by  a  blower  through 
a  cooling  and  heating  coil  to  an  adjustable  discharge  distributor.  The 
air  is  delivered  in  a  manner  to  insure  good  distribution  without  being 
directed  at  the  occupants.  In  some  designs  the  air  may  be  discharged 


FIG.  3.    VERTICAL  REMOTE  TYPE  AIR  CONDITIONING  UNIT,  YEAR  'ROUND 

from  the  sides  of  the  unit  as  well  as  from  the  front.  The  refrigerating 
effect  is  furnished  by  a  reciprocating  compressor  belt  connected  to  a 
motor,  all  mounted  on  a  resilient  base  to  reduce  vibration.  The  heat 
dissipated  by  the  condensing  unit  is  generally  removed  by  water  cooling. 
Panels  are  removable  for  servicing  and  replacement  of  filters.  The  motor 
starter  and  other  controls  are  mounted  inside  the  enclosure  and  the  unit 
may  be  operated  either  as  a  cooling  unit  or  circulating  unit  by  using  the 
manual  switches  mounted  on  the  side  panel,  or  it  may  be  automatically 
controlled  by  means  of  a  thermostat. 

Remotely  located  air  conditioning  units  vary  widely  in  details  of 
construction  and  are  different  from  the  self-contained  type  of  unit  in 
that  the  sources  of  refrigeration  or  heating  are  not  enclosed  in  the  unit. 

The  vertical  floor  type  remote  unit  shown  in  Fig.  3  consists  of  a  fan 
section,  housing  one  or  more  fans,  mounted  on  a  coil  section  in  which 
are  located  a  heating  coil  and  a  cooling  coil,  which  may  be  built  for 
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either  direct  expansion  refrigerant,  chilled  water,  or  brine.  These  two 
sections  are  supported  on  a  third  or  drip  pan  section.  The  distributing 
duct  system  is  attached  to  the  fan  outlets  and  return  and  outside  air  con- 
nections are  made  to  the  drip  pan.  A  filter  box  is  illustrated  attached  to 
the  drip  pan  section. 

A  horizontal  remote  type  of  air  conditioning  unit  is  illustrated  in  Fig.  4. 
This  unit  is  similar  in  construction  and  operation  to  the  vertical  type 
explained  previously.  In  the  smaller  sizes  this  type  is  installed  in  the 


FIG.  4.    HORIZONTAL  REMOTE  TYPE  AIR  CONDITIONING  UNIT,  YEAR  'ROUND 


FIG.  5.    SUSPENDED  PROPELLER  FAN  TYPE  COOLING  AIR  CONDITIONING  UNIT 

conditioned  space  discharging  the  air  directly  from  an  air  distributor. 
A  common  type  of  suspended  unit  for  exposed  location  utilizing  a  propeller 
type  fan  and  suitable  for  summer  conditioning  only  is  illustrated  in 
Fig.  5.  Such  units  are  equipped  with  either  a  direct  expansion  coil  or 
one  for  chilled  water  or  brine  circulation.  The  outer  cabinet  is  made 
of  wood-grained  steel  or  baked  enamel  and  is  insulated  from  the  cool 
air  chamber  to  prevent  external  condensation.  The  drip  from  the  coil  is 
collected  in  an  insulated  drip  pan  and  carried  to  a  drain.  The  inlet  to  the 
unit  is  provided  with  a  lint  screen  to  protect  the  cooling  surface.  Such 
units  are  normally  used  for  recirculation  only  but  may  be  connected  for 
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ventilation  through  short  full-size  ducts.  Similar  units  are  available 
with  twin  housed  fans  of  the  same  general  construction,  although  usually 
such  fans  draw  the  air  instead  of  blowing  it  through  the  coils. 

A  spray  type  remote  conditioning  unit  is  illustrated  in  Fig.  6.  This 
spray  type  unit,  which  is  similar  to  the  arrangement  given  in  Fig.  3, 
provides  for  the  complete  washing  of  the  air  and  the  cooling  coil.  For 
winter  operation  the  spray  provides  means  for  humidification.  The  units 
may  be  obtained  with  by-pass  dampers  as  shown  in  Fig.  6,  to  provide 
control  of  cooling  in  summer  and  humidification  in  winter.  The  spray 
type  unit  without  the  cooling  coil  may  be  used  for  humidification  and 
heat  control.  This  type  of  air  conditioning  unit  is  used  in  industrial 
process  air  conditioning  as  well  as  for  comfort  air  conditioning. 

All  of  these  types  of  remote  air  conditioning  units  are  usually  located 
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FIG.  6.    SPRAY  TYPE  REMOTE  AIR  CONDITIONING  UNIT 

outside  the  conditioned  space  with  duct  work  from  the  unit  to  the  con- 
ditioned space  and  are  used  mostly  in  commercial  application. 

Another  type  of  remote  room  air  conditioner  is  the  type  used  for 
multiple  installations  in  office  buildings  or  hotels.  An  all-year-round 
floor  type  remote  heating  and  cooling  unit  for  an  exposed  location  and 
with  direct  expansion  coil  supplied  with  refrigerant  from  a  remotely 
located  compressor  is  shown  in  Fig.  7.  A  cooling  coil  for  use  with  chilled 
water  may  be  substituted  for  the  direct  expansion  coil  indicated.  The 
fans  below  the  separate  cooling  and  heating  elements  deliver  the  air 
against  deflectors  thereby  obtaining  distribution  across  the  face  of  the 
element  and  preventing  condensate  from  dripping  down  into  the  fans. 
The  plate  upon  which  the  fans  are  mounted  serves  as  the  drip  pan  from 
which  the  water  is  conducted  to  the  drain.  Separate  elements^are  used 
for  heating  and  cooling  without  manual  control.  When  the  unit  is  used 
for  summer  conditioning  only,  the  heating  coil  may  be  omitted.  The 
illustration  indicates  an  evaporative  type  humidifier  and  drain  pan. 
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Other  units  are  available  in  which  a  target  spray  humidifier  is  substituted 
for  the  evaporative  type  thereby  supplying  humidification  in  winter  for 
application  in  rooms  with  other  existing  heat  sources.  However,  this 
spray  will  not  provide  a  great  deal  of  humidification  unless  the  water 
or  air  passing  through  the  unit  is  heated. 

Still  another  remote  type  of  unit  is  available  in  which  the  fans  are 
mounted  at  the  top  of  the  unit  delivering  directly  through  a  grille  and 
drawing  their  air  supply  through  the  cooling  and  heating  coils.  Other 
variations  in  proportion  and  details  of  construction  of  this  general 
arrangement  are  common.  With  this  type  of  unit,  ventilation  is  usually 
provided  by  means  of  a  separate  duct  connected  to  the  inlet  of  the  unit. 

An  entirely  different  arrangement  of  the  remote  air  conditioner  for 
multiple  installation  is  shown  in  Fig.  8.  This  places  both  the  air  inlet  and 
the  discharge  at  the  top  of  the  unit.  The  fan  at  one  side  discharges  the 
air  downward  to  the  bottom  where  it  turns  and  passes  horizontally 


FIG.  7.    FLOOR  TYPE  REMOTE  ROOM  AIR  CONDITIONING  UNIT  FOR 
HEATING  AND  COOLING 

through  an  atomizing  spray  air  washer.  The  path  then  continues  upward 
through  eliminators,  a  cooling  surface  and  a  heating  surface  before  it 
leaves  the  unit.  With  steam  or  hot  water  connected  to  the  heating 
element,  this  unit  gives  controlled  temperature,  humidity,  air  cleaning, 
and  air  movement  in  both  summer  and  winter.  Excess  water  is  run  to 
waste.  Acoustical  treatment  of  the  housing  and  outlet  baffles  permits 
installation  where  noise  requirements  are  exacting. 

Application 

In  the  application  of  unit  air  conditioners  it  is  important  to  consider 
the  following  points  : 

1.  Location  of  the  unit. 

2.  Air  distribution. 

3.  Use  of  multiple  units  in  lieu  of  a  central  plant  system. 

4.  Self-contained  units  vs.  remote  air  conditioners. 

5.  Water  usage  of  self-contained  units  and  methods  of  water  conservation. 
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In  locating  air  conditioning  units,  the  characteristics  of  the  con- 
ditioned space,  the  building  construction,  the  type  of  system  employed, 
the  duct  connections,  the  accessibility  of  the  unit  for  servicing,  as  well 
as  the  sources  of  power,  water,  refrigeration,  heating,  and  drain  connec- 
tions should  be  considered. 

Locating  units  in  the  conditioned  space  demands  serious  attention  to 
insure  proper  air  distribution.  If  ventilation  air  is  required,  or  if  the 
condenser  of  a  self-contained  unit  is  of  the  air  cooled  type,  the  proximity 
to  a  source  of  outdoor  air  should  be  considered  when  locating  the  units. 
Self-contained  units  with  water  cooled  condensers  should  be  placed  close 
to  the  water  supply  and  drain,  and  care  must  be  exercised  that  the 
ambient  temperature  is  never  below  32  F  to  prevent  freezing  the 
water  in  the  condenser.  It  is,  of  course,  important  to  locate  the  unit  so 
that  panels  may  be  easily  removed  so  that  parts  are  easily  accessible  in 
case  of  trouble. 


INCOMING  AIR 


i  i  i  i    t  t  TTt  t 


FIG.  8.    REMOTE  TYPE  ROOM  AIR  CONDITIONING  UNIT  WITH  TOP  INLET  AND  OUTLET 

Location  of  the  remote  type  of  unit  also  requires  consideration  of  the 
source  of  refrigeration  or  heating.  In  the  smaller  sizes  these  units  are 
placed  in  the  conditioned  space.  The  larger  sizes  are  frequently  located 
externally  to  the  occupied  and  conditioned  space  and  are  connected 
thereto  by  means  of  delivery  and  return  ducts.  Such  an  arrangement 
permits  the  location  of  the  conditioning  unit  convenient  to  either  the 
source  of  refrigeration  or  outside  air  or  both.  It  frequently  permits 
the  use  of  the  basement  or  of  space  less  valuable  than  that  on  the  level 
or  floor  of  the  occupied  zone.  The  design  then  approaches  that  of  a 
Central  System,  (see  Chapter  20).  Oftentimes  the  same  type  of  unit  may 
find  application  in  an  exposed  position  for  one  job  and  in  a  concealed 
location  for  another.  Frequently  conditioning  units  are  built  into  the 
structure  or  into  the  architectural  design  of  a  room  so  that  they  are 
entirely  concealed  except  for  the  discharge  and  return  grilles  which  are 
designed  so  as  to  correspond  to  the  decorative  scheme  of  the  room. 
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Air  distribution  with  self-contained  room  air  conditioner  or  remote 
room  air  conditioner  exposed  in  the  conditioned  space  is  usually  through 
grilles  or  louvers  built  into  the  equipment.  The  grilles  or  louvers  are 
adjustable  to  assist  in  directing  the  air  properly.  The  discharge  of  the  air 
from  this  type  of  unit  is  directed  upward  at  some  angle  with  respect  to  the 
horizontal  so  that  the  cool  air  is  not  directed  at  the  occupants,  but  at  the 
same  time  is  carried  to  the  most  remote  part  of  the  room.  In  general, 
the  air  discharge  should  be  designed  to  distribute  cool  air  over  the  entire 
zone,  dropping  slowly  and  returning  to  the  unit  below  the  breathing  line 
and  along  the  floor.  The  location  of  doorways,  air  vents  and  heat-exposed 
walls  should  be  carefully  observed  as  they  have  a  marked  effect  on  the 
direction  of  air  flow  and  on  its  uniformity  of  temperature. 

Air  distribution  with  the  suspended  remote  air  conditioner  in  the 
conditioned  space  requires  attention  to  outlet  air  velocity.  Sufficient  air 
velocity  should  be  provided  to  give  adequate  induction  and  mixing  with 
room  air  thereby  preventing  the  immediate  dropping  of  the  air  stream 
and  resulting  objectionable  cold  drafts. 

Air  distribution  with  units,  either  self-contained  or  of  the  remote  type, 
located  outside  the  conditioned  space  is  provided  by  ducts  and  outlet 
grilles.  The  location  of  these  outlets  is  quite  critical  and  is  influenced 
both  by  the  building  construction,  economies  of  connections,  and  by  the 
distribution  of  load.  There  are  a  wide  variety  of  outlet  types  used,  and 
most  of  these  have  fixed  delivery  characteristics,  thus  requiring  careful 
consideration  in  their  location.  Some  types  of  outlets  are  now  available 
with  adjustable  vanes  thereby  permitting  some  alteration  in  the  delivery 
of  the  air  stream  after  installation.  This  frequently  eliminates  objection- 
able down  drafts  resulting  from  the  impingement  of  the  air  stream  against 
posts,  pillars,  lighting  fixtures,  and  beams.  Refer  to  Chapter  30  for  a 
complete  discussion  of  this  type  of  air  distribution. 

Multiple  remote  units  are  sometimes  used  in  lieu  of  a  central  plant 
system  in  installations  for  large  office  buildings  or  hotels.  These  units, 
with  a  centrally  located  refrigeration  or  heating  source,  provide  the 
advantages  of  individual  room  control  by  the  occupants,  use  of  less 
floor  space  since  only  piping  lines  need  be  run  and  no  large  ducts  are 
required  from  floor  to  floor,  and  provide  better  fire  protection  since  the 
absence  of  ducts  prevents  smoke  or  fire  from  being  transmitted  from  one 
room  or  floor  to  another. 

Self-contained  units  sometimes  provide  distinct  advantages  over  remote 
units.  Where  the  units  are  located  in  the  conditioned  space,  the  self- 
contained  unit  does  not  have  any  refrigerant  or  heating  connections  from 
an  outside  source  and  hence  is  more  easily  installed,  makes  a  better 
appearance  and  is  more  easily  removed  if  the  owner  wishes  to  relocate  the 
equipment.  When  the  units  are  located  adjacent  to  the  conditioned  space, 
the  self-contained  units  will  use  less  total  floor  space  than  the  remote 
type  of  system  besides  requiring  less  installation  expense,  due  to  the 
absence  of  refrigerant  or  steam  piping. 

The  amount  of  water  used  in  water  cooled  condenser  types  of  self- 
contained  units  is  sometimes  an  acute  factor  in  application.  Self-con- 
tained store  units  are  almost  universally  water  cooled.  There  are  two 
types  of  water  conserving  equipment  that  can  be  used  with  a  condensing 
unit;  (1)  a  cooling  tower,  and  (2)  an  evaporative  condenser. 
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Cooling  towers  can  easily  be  applied  to  the  store  conditioning  unit  in 
the  same  manner  as  they  are  applied  to  other  condensing  units.  When 
the  condensing  unit  enclosure  is  cooled  by  a  water  coil,  the  cooling  tower 
must  have  enough  capacity  to  supply  both  the  water  cooled  condenser 
and  water  cooling  coil.  The  condenser  and  water  coil  are  placed  in  parallel 
to  reduce  the  pressure  drop. 

Evaporative  condensers  can  be  applied  to  store  units  if  the  heat  of  the 
condensing  unit  is  removed  by  recirculated  air  or  a  refrigerant  coil,  and  if 
the  water  cooled  condenser  can  be  omitted  and  deducted  from  the  price  of 
the  store  cooler.  In  the  case  of  a  unit  employing  a  water  cooling  coil  to 
remove  the  heat  from  the  condensing  unit  enclosure,  the  use  of  an  evapo- 
rative condenser  is  uneconomical  because  a  separate  supply  of  water 


TABLE  1.    STANDARD  RATING  BASIS  FOR  SELF-CONTAINED  AIR  CONDITIONING  UNITS 


FUNCTIONS 

TTPBS  OF  UNITS 

RATING  CONDITION 

Item 

Description 

Vafofi 

All 

All 

a 

Barometric  Pressure 

29.92  in.  Hg. 

Cooling 

Water-Cooled, 
Air-Cooled 
and   Evapora- 
tively    Cooled 
Condensers 

b 

Unit   Ambient   and   Air    Entering 
Room  —  Air  Inlet 
(1)  Dry-Bulb 
(2)  Wet-Bulb 

80F 
67  F 

c 

Ventilation  Air 

See  Note 

Water-Cooled 
Condensers 

d 

Water  Temperature  Entering  Unit 

75  F 

e 

Water  Temperature  Leaving  Unit 

95  F 

Air-Cooled 
and   Evapora- 
tively  Cooled 
Condensers 

f 

Air  Entering  Outside  Air  Inlet 
(1)  Dry-Bulb 
(2)  Wet-Bulb 

95  F 
75  F 

Heating 

All    Types 
Provided 
with  Heating 
Function 

g 

Unit  Ambient  and  Total  Air  Enter- 
ing Unit 

70  F 

h 

Heating    Medium,   Pressure  or 
Temperature 
(1)  Dry  Saturated  Steam 

(2)  Water  In 
(3)  Water  Out 

16.7  Ib  per 
sq  in.  abs 
180  F 
160  F 

Humidifying 

All^Types 
Provided  with 
Humidifying 
Function 

i 

Unit  Ambient 

70  F 

1 

Total  Air  Entering  Unit 
(1)  Dry-Bulb 
(2)  Wet-Bulb 

70  F 
53F 

Air 
Circulation 

All 

k 

Filters 

New  and 
Clean 

Note:  Rating  afr*n  be  baaed  on  both  ventilation  and  redrculated  room  air  entering  at  80  F  diy-bulb 
and  67  F  wet-bulb  temperature.  (The  NoU  as  given  in  the  code  has  been  condensed  in  order  to  remove 
material  not  pertinent  to  this  chapter.) 
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must  be  supplied  to  the  condensing  unit  enclosure  cooling  coil,  thus 
defeating  the  purpose  of  the  evaporative  condenser  to  conserve  water. 

Ratings 

There  are  two  codes  governing  the  rating  and  testing  of  air  con- 
ditioning units.  The  first  code,  Standard  Method  of  Rating  and  Testing 
Air  Conditioning  Equipment3,  covers  all  types  of  air  conditioning  units 
except  the  self-contained  type.  The  latter  is  covered  by  the  Standard 
Method  of  Rating  and  Testing  Self-Contained  Air  Conditioning  Units 
for  Comfort  Cooling4.  The  two  codes  are  necessary  because  of  the  basic 
difference  caused  by  the  heat  given  up  by  the  self-contained  units. 

Self-contained  air  conditioning  unit  ratings  are  expressed  in  the  code 
in  terms  of  the  effect  produced  on  air  such  as : 

1.  The  net  total  room  cooling  effect  in  Btu  per  hour.    This  is  the  actual  heat  removed 
from  the  room  and  is  equal  to  the  gross  cooling  effect  less  the  heat  given  back  to  the 
room  by  the  unit. 

2.  The  net  room  dehumidifying  effect  in  Btu  per  hour. 

3.  The  net  room  sensible  cooling  effect  in  Btu  per  hour. 

4.  The  sensible  heating  effect  in  Btu  per  hour. 

5.  The  humidifying  effect  in  pounds  per  hour. 

6.  The  total  air  capacity  in  cubic  feet  per  minute  of  standard  air. 

The  standard  rating  basis  as  given  in  the  code  for  self-contained  units 
is  tabulated  in  Table  1. 

The  standard  rating  basis  for  air  conditioning  units  is  similar  to  that 
given  previously  for  self-contained  units  except  the  relative  humidity  of  the 
entering  air  is  specified  as  50  per  cent  (66.7  F  wet-bulb)  instead  of  speci- 
fying the  wet-bulb  temperature  as  67  F  and  the  suction  saturated  re- 
frigerant temperature  is  specified  as  40  F  for  comfort  cooling  since  an 
air  conditioning  unit  does  not  include  a  condensing  unit.  The  suction 
saturated  refrigerant  temperature  of  a  self-contained  air  conditioning 
unit  is  not  given  in  Table  1  as  a  basis  of  rating  since  this  temperature  is 
the  temperature  obtained  when  the  self-contained  unit  operates  as  a 
system  at  the  conditions  given  in  Table  1 .  It  is  expected  that  the  entering 
air  conditions  for  the  standard  rating  will  agree  when  the  code,  Standard 
Method  of  Rating  and  Testing  Air  Conditioning  Equipment,  is  revised. 

COOLING  UNITS 

Cooling  units  may  be  used  either  in  comfort  cooling  or  commercial 
applications.  As  applied  to  industrial  product  conditioning  and  pro- 
cessing they  are  similar  in  construction  to  unit  heaters  described  in 
Chapter  21  except  that  the  heat  transfer  surface  is  supplied  with  refriger- 
ation instead  of  heat.  They  are  normally  installed  within  the  space  to  be 
served,  or  at  least  closely  adjacent  thereto. 

Product  cooling  was  originally  accomplished  by  means  of  stationary 
pipe  coils.  This  was  later  supplemented  with  the  forced  fan  bunker 
systems  in  which  air  was  passed  over  banks  of  coils.  Today  the  coils 


3Loc.  Cit.  Note  1. 
<Loc.  Cit.  Note  2. 
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and  fan  are  encased  in  an  enclosure  and  controls  are  provided  to  maintain 
an  average  coil  ^  surf  ace  temperature.  Thus,  for  any  installation,  the 
depth  of  coil,  air  flow,  and  face  area  determine  the  relation  between 
dry-bulb  temperature  reduction  and  wet-bulb  temperature  reduction. 
Occasionally  they  are  provided  to  receive  outside  air  in  which  case  this 
air  is  invariably  filtered  or  washed  to  prevent  any  possible  contamination 
of  the  product. 

Features  of  Units 

The  principal  field  for  cooling  units  is  in  cold  storage  plants,  fur 
storage,  fruit  packing  houses,  provision  stores,  brewery  fermentation  and 
stock  rooms,  candy  plants,  and  other  industrial  process  work.  In 
replacing  bunker  and  wall  coils  in  meat  storage  plants,  cooling  units  give 
distinct  advantages  in  compactness,  lower  first  cost  and  maintenance 
expense,  ease  of  defrosting,  freedom  from  drip  and  the  maintenance  of 
sanitary  conditions,  as  well  as  uniform  temperature  and  humidity  under 
variable  load  conditions.  Cooling  units  by  means  of  their  positive  air 


"-DRIP  CONNECTION 

FIG.  9.    CEILING  TYPE  COOLING  UNIT 

circulation    prevent   dead-air  spots,    frequently   objectionable   in    this 
industry. 

Types  of  Units 

Cooling  units  are  provided  in  two  major  types  similar  to  unit  heaters, 
either  floor  mounted  with  housed  fan,  or  suspended  with  propeller  type 
fans.  Normally,  air  outlet  velocities  are  lower  than  for  heating,  due 
largely  to  the  effect  of  high  velocities  on  the  product.  Cooling  units  are 
normally  of  the  free  delivery  type  although  they  occasionally  are  supple- 
mented with  duct  work  to  provide  more  careful  air  distribution. 

Typical  cooling  units  are  shown  in  Figs.  9, 10,  and  11.  Fig.  9  indicates 
a  suspended  type  cooling  unit  which  may  be  designed  with  or  without  a 
moisture  eliminator.  If  high  air  velocities  are  maintained,  an  eliminator 
will  be  necessary  to  prevent  the  drops  of  moisture  from  being  carried 
through  with  the  air.  The  condensation  that  occurs  is  collected  in  a  drip 
pan  and  removed  from  the  system  through  a  drain  pipe.  Fig.  10  indicates 
a  typical  floor-mounted  unit  of  the  housed  fan  type.  The  illustration 
shows  a  common  form  of  distributing  outlet  designed  to  give  low  outlet 
velocities  together  with  a  controlled  distribution.  In  process  work,  it  is 
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often  important  that  direct  air  distribution  does  not  impinge  on  the 
product.  Cooling  units  are  normally  constructed  of  galvanized  steel  or 
non-ferrous  material  in  order  to  reduce  the  corrosive  effect  of  their 
constant  wetted  condition. 

Ratings 

Since  cooling  units  are  mostly  used  in  low  temperature  applications, 
the  standard  basis  of  rating  is  different  than  for  air  conditioning  units. 
The  Standard  for  Rating  and  Testing  Air  Conditioning  Equipment 
states  that  the  standard  rating  shall  be  based  on  air  entering  the  cooling 
unit  at  45  F  dry-bulb  and  85  per  cent  relative  humidity,  and  the  suction 
saturated  refrigeration  temperature  shall  be  30  F  for  commercial  cooling. 


1 

AIR 
INTAKE 


FIG.  10.   SURFACE  TYPE  COOLING  UNIT  FIG.  11.   BRINE  SPRAY  TYPE  COOLING  UNIT 

Ratings  of  cooling  units  may  be  expressed  in  Btu  per  hour,  or  in  tons 
of  refrigeration.  When  ratings  at  other  than  standard  conditions  are 
given,  the  quantity,  temperature,  and  relative  humidity  of  the  entering 
air  should  be  specified,  together  with  the  refrigerant  temperature  within 
the  coil.  When  chilled  water  or  brine  is  used,  the  rate  of  circulation  of 
the  cooling  media  as  well  as  its  entering  temperature  should  be  given. 

Defrosting 

Cooling  units  are  often  called  upon  to  operate  in  rooms  where  a  tem- 
perature below  freezing  is  maintained  and  low  refrigerant  temperatures 
are  required.  This  results  in  the  collection  of  frost  on  the  heat  transfer 
surface  which  in  turn  leads  to  a  rapid  loss  in  capacity  and  requires 
eventual  defrosting.  Such  defrosting  is  accomplished  by  the  following 
methods: 
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1 .  When  the  room  is  above  freezing  the  source  of  refrigeration  is  cut  off  and  the  fan 
allowed  to  operate  until  the  unit  has  defrosted. 

2.  A  reversal  of  the  refrigeration  system  may  be  provided  and  the  so-called  hot  gas 
defrosting  method  used.    This  is  accomplished  by  reversing  the  flow  of  the  hot  gas  so 
that  it  is  delivered  directly  from  the  compressor  to  the  evaporator  cooling  unit.    As  soon 
as  the  ice  and  frost  have  been  melted,  the  system  is  again  returned  to  its  normal  cycle. 

3.  Where  brine  is  used  as  a  refrigerant,  heated  brine  may  be  sent  through  the  cooler 
to  remove  the  ice. 

4.  When  the  room  is  at  very  low  temperatures,  warm  air  defrosting  is  sometimes 
used  by  providing  for  the  admission  and  removal  of  warm  air  from  outside  the  cooled 
space. 

5.  The  surface  may  be  sprayed  with  a  strong  brine  solution. 

In  order  to  prevent  the  collection  of  frost  In  low  temperature  rooms 
where  high  latent  heat  loads  are  present,  unit  coolers  equipped  with  a 
constant  brine  spray  are  frequently  used.  These  are  normally  of  the 
housed  fan  type  similar  to  Fig.  10,  but  equipped  with  a  pump  for  recircu- 
lating  brine  at  intervals  to  maintain  a  non-freezing  mixture  as  shown 
in  Fig.  11. 

COSTS 

The  following  factors  influence  the  cost  of  unit  air  conditioning  in- 
stallations: 

1.  Since  the  cost  of  the  total  job  involves  material  cost  plus  installation  labor  and  since 
through  the  use  of  unitary  equipment,  material  costs  can  be  kept  to  a  minimum,  every 
effort  should  be  made  to  simplify  installation. 

2.  Self-contained  units  in  the  small  sizes  now  available,  probably  represent  the  lowest 
cost  individual  installations.    They  have,  however,  their  limitations. 

3.  The  floor  type  all-year-round  air  conditioning  units  for  the  occupied  space  with 
a  remotely  controlled  compressor,  heating  sources  being  either  the  existing  heat  system 
or  steam  connections  to  the  unit,  probably  afford  the  lowest  cost  all-year-round  service 
for  most  individual  rooms. 

4.  For  multiple  rooms  or  offices,  the  remotely  located  air  conditioning  unit  with 
remote  source  of  refrigeration  probably  represents  the  most  economical  installation. 
The  larger  self-contained  air  conditioners  are  particularly  adaptable  to  stores,  residences 
and  small  commercial  installations. 

Costs  of  operation  vary  widely  depending  upon  the  cost  of  power  and 
water.  Water  costs  in  the  larger  installations  are  being  materially 
reduced  through  the  use  of  cooling  towers  and  special  types  of  condensers. 
It  is  difficult  to  make  any  comparison  of  operating  costs  of  cooling  as 
contrasted  with  heating  equipment  because  the  relative  operating 
expense  depends  upon  many  factors  including  climatic  conditions;  i.e., 
in  the  South  the  cost  of  operating  cooling  equipment  greatly  exceeds  the 
operating  cost  of  heating  equipment,  whereas  in  colder  climates  where 
cooling  equipment  is  used  about  two  months  per  year,  the  heating  costs 
are  probably  higher  than  those  for  cooling. 

ATTIC  FANS 

Attic  fans,  used  during  the  warm  months  of  the  year  to  draw  large 
volumes  of  outside  air  through  a  house,  offer  a  means  of  using  the  com- 
parative coolness  of  outside  evening  and  night  air  to  bring  down  the 
inside  temperature. 
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Because  the  low  static  pressures  involved  are  usually  less  than  y%  in. 
of  water,  disc  or  propeller  fans  are  generally  used  instead  of  the  blower  or 
housed  types.  The  fans  should  have  quiet  operating  characteristics, 
and  they  should  be  capable  of  giving  about  20  to  30  air  changes  per  hour 
in  northern  areas.  In  the  South  the  usual  specification  requires  one  air 
change  per  minute  which  provides  appreciable  air  movement  in  addition 
to  the  cooling  effect. 

Types 

Open  attic  fans  are  units  in  which  the  fan  is  installed  in  a  gable  or 
dormer  and  one  or  more  grilles  are  provided  in  the  ceilings  of  the  rooms 
below.  Outdoor  air,  which  enters  the  house  through  open  windows,  is 
drawn  into  the  attic  through  the  grilles,  and  is  discharged  out-of-doors 
by  the  fan.  An  attic  stairway  may  be  used  in  place  of  the  grilles.  It  is 
essential  that  the  roof  and  the  attic  walls  be  free  from  air  leaks. 

Boxed-in  fans  are  units  in  which  the  fan  is  installed  within  the  attic 
in  a  box  or  housing  directly  over  a  central  ceiling  grille,  or  in  a  bulkhead 
enclosing  an  attic  stair.  The  fan  may  be  connected  by  a  duct  system  to 
the  grilles  in  individual  rooms.  Outdoor  air  entering  through  the  win- 
dows of  the  rooms  below  is  discharged  into  the  attic  space  and  escapes 
to  the  outside  through  louvers,  dormer  windows,  or  screened  openings 
under  the  eaves. 

Location 

The  locations  of  the  fan,  the  outlet  openings,  and  the  grilles  should  be 
selected  after  consideration  of  the  room  and  attic  arrangement  in  order 
to  give  uniform  air  distribution  in  the  individual  rooms  served.  If  the 
outlet  for  the  air  is  not  on  the  side  away  from  the  direction  of  the  pre- 
vailing wind,  openings  should  be  provided  on  all  sides.  Kitchens  should 
be  separately  ventilated  because  of  the  fire  hazard,  and  to  prevent  the 
spread  of  cooking  odors. 

Costs 

The  capacity  of  attic  fans  is  from  3,000  to  30,000  cfm  with  the  trend 
toward  units  in  the  range  of  capacity  from  7,000  to  15,000  cfm. 

Some  typical  data  on  an  attic  fan  installation  in  an  average  six  room 
house  of  frame  construction  containing  14,000  cu  ft  and  located  in  the 
southern  part  of  this  country  are: 


Installed  cost  

$100  to  $400,  average  $200 

Fan  data 

12  000  cfm  average  500  watts  input 

Operating  period. 

April  15  to  October  15,  intermittently  as  weather  con- 

ditions demand 

Power  consumption...  

500  kwhr  per  year  for  8  months'  operation 

In  northern  climates  the  figures  would  be  considerably  reduced.  A 
smaller  capacity  fan  can  be  effectively  used  and  the  cost  of  an  installation 
ranges  from  $60.00  upwards. 
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Chapter  23 

COOLING,  DEHUMIDIFICATION 
AND  DEHYDRATION 

Definitions  and  Methods,  Adsorbents*  Absorbents,  Nature  of 

Processes,  Temperature — Pressure — Concentration  Relations, 

Dehydration    Methods,    Auxiliaries,    Controls,    Performance, 

Economics 

THE  addition  or  abstraction  of  heat  to  or  from  air,  whether  sensible 
or  latent,  requires  (a)  a  medium  held  at  the  necessary  temperature 
or  vapor  pressure  to  produce  a  flow  of  heat  or  moisture  and  (6)  sufficient 
contact  between  the  air  and  the  medium  to  achieve  the  desired  final 
condition.  The  medium  may  be  solid  or  liquid.  It  may  be  used  (a) 
directly,  as  in  a  water  or  brine  spray,  or  (6)  indirectly,  as  with  a  steam 
radiator  or  direct  expansion  cooling  coil. 

The  contact  is  obtained  through  the  use  of  exposed  surface,  to  which 
the  molecules  of  air  are  brought  into  direct  physical  proximity,  thereby 
producing  the  heat  interchange.  These  molecules  then  re-mix  with 
uncontacted  molecules  in  the  air  stream.  The  completeness  of  the  inter- 
change is  a  function  of  the  number  of  such  successive  contacts,  and  is  a 
measure  of  the  efficiency  of  the  surface1.  The  contacting  surface  may  be 
that  of  the  medium  directly,  such  as  a  finely  atomized  spray  or  the  bed 
of  a  solid  dehydrating  agent;  or  a  chilled  or  warmed  metal  surface,  as  a 
coil;  or  a  combination  of  medium  and  surface,  such  as  a  packed  tower, 
where  the  medium  produces  the  interchange  and  the  surface  provides  the 
necessary  contact  area. 

DEFINITIONS  AND  METHODS 

There  are  several  basic  methods  of  producing  the  necessary  difference 
in  temperature  or  vapor  pressure  between  air  and  the  medium  employed 
to  achieve  cooling  or  dehumidification,  or  both  simultaneously: 

Cooling  of  air  involves  its  reduction  in  temperature  due  to  the  abstraction  of  sensible 
heat.  It  is  always  a  result  of  contact  with  a  medium  held  at  a  temperature  lower  than 
that  of  the  air.  Cooling  may  be  accompanied  by  moisture  addition  (evaporation),  by 
moisture  extraction  (dehumidification),  or  by  no  change  of  moisture  content  whatever. 
Such  moisture  change,  if  present,  is  considered  as  a  secondary  or  by-product  effect.  As 


lThe  Contact  Mixture  Analogy  Applied  to  Heat  Transfer  with  Mixtures  of  Air  and  Water  Vapor,  by 
W.  H.  Carrier  (.4.5.M.E.  Transactions,  Vol.  59,  1937). 
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previously  stated,  the  medium  may  be  directly  in  contact  with  the  air  (as  water,  brine, 
or  ice),  or  indirectly  through  a  barrier  wall  (as  cooling  surface).  When  the  latter  method 
is  used,  and  the  surface  temperature  is  held  above  the  air  dew-point,  only  cooling  occurs 
without  moisture  interchange. 

Evaporative  Cooling  involves  the  adiabatic  exchange  of  heat  between  air  and  a  water 
spray  or  wetted  surface.  The  water  assumes  the  wet-bulb  temperature  of  the  air,  which 
remains  constant  during  its  traverse  of  the  exchanger.  No  heat  is  added  or  abstracted 
from  the  medium  (water),  which  is  continually  recirculated.  Cooling  of  the  air  occurs 
due  to  the  temperature  difference  between  entering  air,  and  water  at  the  wet-bulb  tem- 
perature. Humidification  occurs  as  a  result  of  the  vapor  pressure  exerted  by  the  water 
which  is  higher  than  that  corresponding  to  the  entering  air  dew-point.  Since  this  is  an 
adiabatic  exchange,  the  enthalpy  of  the  air  remains  constant,  while  the  dew-point  rises 
and  the  dry-bulb  falls,  and  the  loss  of  sensible  heat  exactly  equals  the  gain  in  latent 
heat  (neglecting  radiation  losses).  The  maximum  available  temperature  reduction  is  the 
total  difference  between  entering  dry-  and  wet-bulbs  (wet-bulb  depression).  Equipment 
achieving  the  complete  reduction  is  termed  completely  saturating  or  100  per  cent  efficient, 
since  the  air  leaves  in  a  saturated  state.  Equipment  utilizing  only  a  portion  of  the  wet- 
bulb  depression  is  termed  partially  saturating. 

Evaporative  cooling  is  being  used  advantageously  in  many  parts  of  the  country.  It  is 
particularly  applicable  (1)  in  districts  where  the  relative  humidity  is  normally  low 
during  the  cooling  season,  and  (2)  in  applications  where  the  cooling  load  is  principally 
a  sensible  load. 

Dehumidification  of  air,  in  its  broadest  connotation,  means  simply  the  removal  of 
moisture.  Usage  in  the  art  has  restricted  the  application  of  the  term,  so  that  the  former 
broad  meaning  is  now  properly  covered  by  the  complementary  names  dehumidification 
and  dehydration.  Dehumidification  usually  refers  to  the  condensation  of  water  vapor 
from  air  due  to  its  contact  with  a  chilled  medium  (see  Cooling).  This  type  of  heat 
exchange  invariably  includes  temperature  reduction  due  to  removal  of  sensible  heat, 
which  reduction  may  be  considered  a  by-product  effect. 

Dehydration  refers  specifically  to  the  removal  of  water  vapor  from  air  due  to  its 
contact  with  a  dehydrating  agent.  The  primary  distinction  between  dehumidification 
and  dehydration  is  the  vapor  pressure  exerted  at  the  surface  of  the  contacting  medium. 
In  the  case  of  dehumidification,  this  surface  vapor  pressure  is  always  the  same  as  that 
which  would  be  exerted  by  a  body  of  water  (or  ice)  at  that  same  surface  temperature. 
In  the  case  of  a  dehydrating  agent,  the  surface  vapor  pressure  is  always  lower  than  that 
exerted  by  water  at  the  same  temperature,  and  the  effectiveness  of  the  medium  as  a 
dessicant  is  largely  a  function  of  the  amount  by  which  this  vapor  pressure  can  be  lowered 
at  the  working  temperature  involved. 

Thus  it  is  evident  that  the  primary  function  of  a  dehydrating  agent  is  to  establish  a 
vapor  pressure  difference  between  the  air  and  the  medium  in  order  to  secure  thereby  a 
removal  of  moisture  (latent  heat)  from  the  air.  In  the  simplest  type  of  process,  no  heat 
is  abstracted  from  the  medium  itself,  and  the  process  is  essentially  an  adiabatic  one  in 
which  the  latent  heat  lost  by  the  air  is  converted  to  sensible  heat  which  raises  the  air 
temperature  by  an  equivalent  amount.  This  process  is  therefore  an  energy  exchange, 
similar  to,  but  the  reverse  of,  adiabatic  saturation. 

Combination  Methods.  It  is  evident  that  two  or  more  of  the  above  processes — cooling, 
evaporative  cooling,  dehumidification  and  dehydration — may  be  combined  by  the 
proper  application  of  interchangers  in  sequence.  Such  combinations  are  dictated  by  the 
availability  of  prime  sources  of  energy  and  the  economic  justification  of  each. 

This  chapter  discusses  in  detail  the  engineering  and  economic  principles 
involved  in  the  application  of  dehydration.  For  similar  discussion  of  the 
other  processes,  refer  to  the  following  material:  Cooling  and  dehumidi- 
fication by  the  use  of  surface  interchangers  (cooling  coils),  see  Chapter  25. 
Cooling,  dehumidification  and  evaporative  cooling  with  air  washers,  see 
Chapter  26.  For  sources  of  cooling  involving  city  and  well  water  and 
cooling  towers,  see  Chapter  26,  while  for  mechanical  refrigeration  and 
ice,  refer  to  Chapter  24.  For  the  thermodynamics  of  evaporative  cooling, 
see  Chapter  1. 
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DEHYDRATING  AGENTS 

Dehydrating  agents  may  be  divided  into  two  general  classifications: 

1.  Adsorbent — A  material  which  has  the  ability  to  condense  water  vapor  on  its 
surface  without  itself  being  changed  physically  or  chemically.    Certain  solid  materials, 
such  as  silica  gel,  activated  alumina  and  activated  carbon  have  this  property. 

2.  Absorbent — A  material  which  has  the  ability  to  take  up  water  vapor  but  which 
changes  physically,  chemically,  or  both,  during  the  cycle.     Calcium  chloride  is  an 
example  of  a  solid  material  while  liquid  materials  include  lithium  chloride,  calcium 
chloride,  lithium  bromide  and  ethylene  glycol. 

Adsorbents 

These  substances  are  characterized  by  a  physical  structure  containing  a 
great  number  of  extremely  small  pores  but  still  retaining  sufficient  me- 
chanical strength  to  resist  the  wear  and  handling  to  which  they  are 
subjected.  To  be  suitable  for  dehydration  purposes  such  substances 
must  fulfill  the  following  requirements: 

1.  Possess  suitable  vapor  pressure  characteristics. 

2.  Be  available  at  an  economical  cost. 

3.  Adsorb  sufficient  moisture  per  pound  of  material  to  avoid  excessive  bed  dimensions. 

4.  Be  chemically  stable,  resisting  contamination  from  impurities. 

5.  Physically  rugged  to  resist  breakdown  from  handling,  abrasion,  etc. 

6.  Withstand  breakdown  from  indefinitely  repeated  reactivation  cycles. 

7.  Possess  practical  and  efficient  reactivation  temperatures. 

Aluminum  Oxide  (Alumina),  in  a  porous,  amorphous  form  is  a  solid 
adsorbent  frequently  called  by  the  common  name  activated  alumina. 
It  contains  small  amounts  of  hydrated  aluminum  oxide,  very  small 
amounts  of  soda,  and  various  metallic  oxides.  A  good  grade  of  activated 
alumina  will  show  92  per  cent  of  AkOzt  and  its  soda  content  will  be 
combined  with  silica  and  alumina  into  an  insoluble  compound.  This 
substance  also  has  the  property  of  adsorbing  certain  gases  and  certain 
vapors  other  than  water  vapor — a  property  which  is  sometimes  useful  in 
air  conditioning  installations.  It  is  available  commercially  in  granules 
ranging  from  a  fine  powder  to  pieces  approximately  1.5  in.  in  diameter. 
It  has  high  adsorptive  capacity  per  unit  of  weight  and  is  non-toxic.  It 
may  be  repeatedly  re-activated  after  becoming  saturated  with  adsorbed 
moisture  without  practical  loss  of  its  adsorptive  ability.  In  the  grade 
frequently  used  for  air  drying  the  re-activation  may  be  accomplished  at 
temperatures  under  350  F.  Specific  gravity  is  3.25  and  the  pores  are 
reported  to  occupy  58  per  cent  of  the  volume  of  each  particle.  For  most 
estimating  purposes  the  volume-weight  relation  on  a  dry  basis  may  be 
taken  as  50  Ib  per  cubic  foot  although  in  the  smaller  sizes  the  packed 
weight  may  be  as  much  as  64  Ib  per  cubic  foot. 

Silicon  Dioxide  (Silica),  in  a  special  form  obtained  by  suitably  mixing 
sulphuric  acid  with  sodium  silicate,  is  another  solid  adsorbent  and  is 
commonly  called  silica  gel.  Its  capillary  structure  is  exceedingly  small, 
so  small  that  its  exact  structure  has  to  be  deduced  rather  than  observed. 
The  gel  is  available  commercially  in  a  wide  variety  of  sizes  of  granules 
ranging  from  4  to  300  mesh.  It  has  high  adsorptive  capacity  per  unit  of 
weight,  it  is  non-toxic,  and  may  be  repeatedly  re-activated  without 
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practical  deterioration.  Re-activation  may  be  accomplished  at  tem- 
peratures of  air  up  to  600  F  although  it  is  frequently  accomplished  with 
air  or  other  gases  at  temperatures  not  over  300  F.  Volume  of  the  capil- 
lary pores  is  reported  to  be  from  50  to  70  per  cent  of  the  total  solid  volume. 
For  most  estimating  purposes  the  volume-weight  relation  can  be  assumed 
as  from  38  to  40  Ib  per  cubic  foot  on  a  dry  basis.  It  also  has  the  property 
of  absorbing  certain  gas  and  vapors  other  than  water  vapor. 

Other  substances  having  properties  which  make  them  available  as  solid 
adsorbents  include  lamisilate  and  charcoal  but  details  of  their  physical 
properties  are  not  available. 

Nature  of  Adsorption  Process 

The  adsorbent  does  not  go  into  solution  but  water  vapor  is  extracted 
from  the  air-vapor  stream  passing  through  the  bed  of  adsorbent  material 
and  is  caught  and  retained  in  the  capillary  pores.  The  exact  nature  of 
the  process  which  goes  on  during  adsorption  is  not  known  but  it  is  stated 
that  the  action  is  brought  about  by  surface  condensation,  and  also  by  a 
difference  between  the  vapor  pressure  of  the  water  condensing  inside  the 
pores  and  the  partial  pressure  of  the  water  vapor  in  the  air- vapor  mixture. 
The  adsorbing  process  in  the  bed  can  continue  until  the  vapor  pressures 
come  into  equilibrium.  The  amount  of  vapor  adsorbed  will  depend  on 
the  adsorbent  substances  being  used,  but  for  any  single  substance  the 
amount  depends  on  the  temperature  of  the  bed  as  well  as  on  the  partial 
pressure  of  the  air- vapor  mixture  being  passed  over  it. 

As  the  bed  of  material  adsorbs  moisture,  its  vapor  pressure  approaches 
that  of  the  contacting  air  and  the  rate  of  adsorption  gradually  slows 
down  so  that  equilibrium  may  not  be  reached  for  24  to  48  hours.  Because 
of  this  diminishing  rate  of  adsorption,  commercially  designed  systems  do 
not  permit  the  state  of  equilibrium  to  be  reached  but  generally  operate  on 
a  10  to  30  min  contact  time — the  period  of  most  rapid  adsorption. 

As  the  process  of  adsorption  goes  on  heat  is  liberated  in  the  bed.  The 
heat  so  liberated  is  the  latent  heat  of  the  water  vapor  condensed  together 
with  the  so-called  heat  of  wetting.  For  a  pound  of  water  vapor  at  60  F 
the  latent  heat  released  by  condensation  is  approximately  1057  Btu. 
The  heat  of  wetting  for  silica  gel,  for  example,  is  about  200  Btu,  making  a 
total  heat  of  adsorption  of  approximately  1257  Btu  per  pound  of  water 
adsorbed  from  the  air- vapor  mixture  passing  through  the  silica  gel  bed. 
The  heat  of  wetting  varies  with  the  substance  being  used  as  the  adsorbent 
while  the  latent  heat  of  condensation  depends  only  on  the  temperature 
and  pressure  of  the  water  vapor. 

Temperature — Pressure — Concentration  Relations 

Since  the  adsorptive  ability  of  an  adsorbent  depends  on  the  tempera- 
ture of  the  bed  and  on  the  partial  pressure  difference  between  the  pores 
and  the  air-vapor  mixture,  it  is  important  to  know  the  pressures  and 
•  temperatures  at  which  pressure  equilibrium  is  reached. 

Evidently  the  equilibrium  conditions  represent  the  limits  beyond  which 
adsorption  of  vapor  cannot  continue.  The  relationship  can  be  shown 
graphically  and  Fig.  1  is  such  a  chart  for  silica  gel.  Charts  of  like  nature 
can  be  plotted  for  other  adsorbent  materials. 
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The  equilibrium  conditions  for  a  gel  bed  maintained  at  constant  tem- 
perature while  the  water  vapor  adsorption  is  allowed  to  continue  until 
pressure  equilibrium  is  reached  is  shown  in  Fig,  1.  Each  curve  on  the 
chart  shows  a  certain  dew-point  temperature,  and  therefore  a  certain 
pressure  of  the  saturated  water  vapor. 

As  an  example  in  the  interpretation  of  the  chart  consider  the  case  when 
moist  air  at  a  temperature  of  80  F  and  a  partial  vapor  pressure  of  0.5  in. 
of  mercury  flows  through  a  bed  of  silica  gel  which  is  at  a  temperature  of 
80  F.  The  chart  indicates  that  the  equilibrium  of  pressure  between  the 


40          80          120         160 

ENTERING  AIR  TEMPERATURE,  DEG  FAHR 

FIG.  1.    TEMPERATURE— VAPOR  PRESSURE— CONCENTRATION  RELATION  FOR 
A  SILICA  GEL  BED  AT  CONSTANT  TEMPERATURE 

air- vapor  mixture  and  the  bed  is  reached  when  the  dry  bed  has  adsorbed 
moisture  to  the  extent  of  30  per  cent  of  the  weight  when  dry-  When  this 
happens  the  bed  can  adsorb  no  more  moisture  unless  its  temperature 
is  changed.  . 

"  While  charts  of  this  kind  can  show  the  limiting  properties  of  the  sub- 
stances they  are  seldom  directly  applicable  to  the  solution  of  air  con- 
ditioning problems  unless  considerable  additional  information  is  avail- 
able. This  takes  the  form  of  performance  data  covering  the  character- 
istics of  the  equipment  in  which  the  adsorbent  bed  is  placed.  Such 
performance  data  are  presented  later  in  this  discussion. 
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Absorbents 

Any  absorbent  substance  may  be  used  as  an  air  drying  agent  if  it  has 
a  vapor  pressure  lower  than  the  vapor  pressure  in  the  air- vapor  mixture 
from  which  the  moisture  is  to  be  removed. 

Solid  Absorbents.  The  substances  used  are  in  general  the  solid  forms  of  the  liquid 
absorbents,  more  commonly  calcium  chloride  due  to  its  low  cost.  At  present  they  are 
used  principally  in  small  dessicating  chambers,  and  in  small  dryers  of  the  cartridge  type, 
through  which  air  is  forced  under  pressure. 

Liquid  Absorbents.  These  are  characteristically  water  solutions  of  materials  in  which 
the  vapor  pressure  is  reduced  to  a  suitable  level  by  governing  the  concentration  of  the 
solution.  In  addition  to  having  suitable  vapor  pressure  characteristics  a  practical 
absorbent  must  also  be  widely  available  at  economical  cost,  be  non-corrosive,  odorless, 
non-toxic,  non-inflammable,  chemically  inert  against  any  impurities  in  the  air  stream, 
stable  over  the  range  of  use  and  especially  it  must  not  precipitate  out  at  the  lowest 
temperature  to  which  the  apparatus  is  exposed.  It  must  have  low  viscosity  and  be 
capable  of  being  economically  regenerated  or  concentrated  after  having  been  diluted  by 
absorbing  moisture. 

Water  solutions,  or  brines,  of  the  chlorides  or  bromides  of  various 
inorganic  elements  such  as  lithium  chloride  and  calcium  chloride  are  the 
absorbents  most  frequently  used  in  connection  with  air  conditioning 
applications  and  detailed  attention  is  confined  to  these  two  in  this 
chapter. 

Nature  of  Absorption  Process 

The  application  consists  of  bringing  the  air- vapor  stream  into  intimate 
contact  with  the  absorbent,  permissibly  by  passing  the  air  stream 
through  a  finely  divided  spray  of  the  brine  but  more  generally  by  passing 
the  air  over  a  contacting  pack  where  the  liquid  absorbent  presents  a  large 
surface  to  the  air  stream.  The  difference  in  vapor  pressure  causes  some 
of  the  vapor  in  the  air- vapor  mixture  to  migrate  into  the  brine.  Here  it 
condenses  into  liquid  water  and  decreases  the  concentration  of  the 
absorbent. 

As  the  water  vapor  is  added  to  the  absorbent  and  condenses,  it  gives  up 
its  latent  heat  of  condensation  which  tends  to  raise  the  temperature  of 
both  the  absorbent  and  the  moist  air  stream.  For  every  pound  of  water 
absorbed  and  condensed  the  heat  added  to  the  air  stream  and  the  brine 
combined  is  obtainable  from  steam  tables.  For  instance,  at  60  F  the 
amount  of  this  heat  is  about  1057  Btu.  In  addition  to  this  heat  there  is 
involved  also  the  so-called  heat  of  mixing  which  is  frequently  considerable. 

A  more  complicated  cycle  involves  heat  removal  from  the  contacting 
medium,  either  within  or  external  to  the  interchanger.  Thus  the  tem- 
perature of  the  medium  may  be  higher  than,  equal  to,  or  lower  than  that 
of  the  air,  depending  on  the  agent  used  and  the  function  to  be  performed. 
In  such  a  cycle,  the  dehydration  process  may  be  accompanied  by  cooling 
or  heating,  or  neither,  and  such  effect,  if  present,  may  be  either  a  neces- 
sary by-product  of  the  process,  or  for  the  specific  purpose  of  obtaining 
both  latent  and  sensible  heat  removal  simultaneously.  The  heat  thus 
produced  in  the  bed  is  to  a  large  extent  transferred  to  the  air  being  dried, 
and  in  the  average  air  conditioning  installation  must  be  removed  by 
passing  the  air  through  an  aftercooler. 
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Temperature — Pressure— Concentration  Relations 

^  Since  the  absorption  process  can  continue  only  as  long  as  there  is  a 
difference  in  vapor  pressure  between  the  absorbent  and  the  air-vapor 
mixture  and  since  at  a  given  temperature  of  the  absorbent  the  vapor 
pressure  depends  on  the  concentration  of  the  solution,  evidently  there 
must^be  a  relation  between  these  quantities  which  if  known  would  state 
the  limits  of  the  process.  The  relationship  would  also  depend  on  the 
absorbent  being  used,  and  would  have  to  be  determined  for  each  sub- 
stance used  as  an  absorbent.  This  relationship  is  shown  graphically  in 
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_30_          40  50 
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_  solution  and  UO-H2Q.. 
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solution  and  UO2H20 
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solution  and  UC!-3H20 


0.1 
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FIG.  2.    TEMPERATURE — PRESSURE — CONCENTRATIONS  FOR  LITHIUM  CHLORIDE 


Fig.  2  for  lithium  chloride,  and  Fig.  3  presents  similar  data  for  calcium 
chloride.  These  charts  are  essentially  similar  to  Fig.  1,  and  their  direct 
usefulness  is  limited  by  much  the  same  considerations.  Other  physical 
properties  of  lithium  chloride  are  shown  in  Tables  1,  2  and  3. 

In  Fig.  2  and  Table  1  the  unit  of  concentration  is  the  moL  A  M  molal 
solution  is  definied  as  a  solution  containing  M  X  42.37  grains  of  anhydrous 
lithium  chloride  per  1000  grains  of  water.  The  formula  connecting  con- 
centration in  mols  with  weight  in  per  cent  is  equivalent  to:  (100  X 
M  X  42.37)  +  [1000  +  (M  X  42.37)], 
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TABLE  1.    PROPERTIES  OF  LITHIUM  CHLORIDE  SOLUTIONS 


CONCEN- 
TRATION 
POUND 
MOLS 
(42.4:  LB) 
LiCl  PER 
1000  LB- 
WATER 

CONCEN- 
TRATION 
PER 
CENT 

BY 

WEIGHT 

SPECIFIC 
GRAVITY 

AT 

100  F 

VISCOSITY 

(MlLLIPOISE) 

PARTIAL 
HEAT  OF 
MIXING 
AT  OF, 
BTU  PER 
LB 

TEMP. 
COEFF. 

OF 

PARTIAL 
HEAT  OF 
MIXING 
BTU  PER 
LB 

PER  F 

SPECIFIC 
HEAT  AT 
70  F 

BOILING 
POINT  F 

(760  MM 
HG) 

FREEZING 
POINT, 
F 

80  F 

180F 

0 
2 
4 
6 
8 
10 

0.0 
7.8 
14.5 
20.2 
25.3 
29.7 

1.000 
1.037 
1.076 
1.111 
1.143 
1.172 

8.61 
11.19 
14.42 
18.62 
24.32 
32.28 

3.48 
4.56 
6.01 
7.78 
10.00 
12.91 

0.00 
2.04 
7.24 
16.70 
31.90 
51.10 

0.000 
-0.014 
-0.036 
-0.069 
-0.109 
-0.143 

0.998 
0.901 
0.831 
0.778 
0.739 
0.710 

212.0 
215.8 
221.5 
228.9 
238.1 
248.4 

32.0 
16.3 
-  5.8 
-34.2 
-69.0 
-90.0 

12 
14 
16 
18 
20 

33.7 
37.4 
40.4 
43.3 

46.0 

1.199 
1.225 
1.248 
1.270 
1.291 

43.45 
60.26 
82.04 
113.80 

16.56 
21.28 
27.10 
35.48 
46.45 

75.70 
90.80 
124.80 
145,00 
162.00 

-0.160 
-0.167 
-0.176 
-0.186 
-0.194 

0.687 
0.666 
0.647 
0.631 

258.8 
268.9 
277.9 
285.8 
293.2 

-40.0 
1.0 
36.5 

58.1 
86.4 

22 
24 
26 
28 
30 
32 

48.4 
50.3 
52.4 
54.3 
56.1 
57.5 

60.67 
84.33 

171.00 
177.00 
182.00 
191.00 
194.00 
198.00 

-0.200 
-0.200 
-0.210 
-0.210 
-0.210 
-0.220 

300.2 
307.0 
313.0 
318.0 
323.0 
328.0 

133.0 
156.0 
180.0 
190.0 
195.0 
280.0 

TABLE  2.    DEW-POINT  OF  AIR  IN  EQUILIBRIUM  WITH  LITHIUM  CHLORIDE  SOLUTIONS 
CONCENTRATION  IN  POUND  MOLS  (42.4  LB)  LITHIUM  CHLORIDE  PER  1000  LB  WATER 


Diw- 

POINT 
AT 

ZERO 
CONG. 

CONCENTRATION  OF  LITHIUM  CHLORIDE 

2.0 

4.0 

6.0 

8.0 

10.0 

12.0 

u.o 

16.0 

18.0 

20.0 

22.0 

24.0 

26.0 

28.0 

30.0 

320 
300 

315.2 
295.4 

308.7 
289.1 

299.9   290.2J  279.7 
280.5    270.9    260.6 

269.4 
250.5 

259.6 
240.8 

251.5 
232.6 

244.1236.5 
225.4i218.0 

230.0 
211.8 

223.8 
205.8 

218.6 
200.8 

214.5 
196.9 

210.3 
192.8 

280 

275.6 

269.5 

261.1    251.7 

241.5 

231,6 

222.2 

214.0 

206.7 

199.7 

193.5 

187.8 

183.2 

179.3 

175.2 

260 

255.8 

250.0241.9 

232.6    222.7 

212.8 

203.5 

195.5 

188.4 

181.7 

175.4 

170.0 

165.6 

162.0 

158.4 

240 

236.0 

230.4222.5 

213.5 

203.8 

194.2 

185.0 

177.1 

170.0 

163.6 

157.5 

152.2 

148.3 

144.6 

140.5 

220 

216.2 

210.8203.2 

194.41   184.9 

175.5 

166.4 

158.6 

151.6 

145.3 

139.6 

134.6 

130.7 

127.3 

124.2 

200 

196.4 

191.2 

183.9 

175.4!   166.1 

156.7 

148.0 

140.3 

133.5 

127.3 

121.9 

117.0 

113.3 

110.1 

180 
160 

176.6 
156.8 

171.6 
152.1 

164.7 
145.4 

156.4 
137.4 

147.3 
128.6 

138.1 
119.7 

129.6 
111.3 

122.1 
103.9 

115.5 
97.4 

109.4  104.21  99.6 
91.6  86.6!  82.2 

96.0 

140 

137.0 

132.6126.1 

118.4 

109.9 

101.3 

93.1 

85.9 

79.5 

73.8 

69.0 

120 

117.2 

113.0 

106.8     99.4 

91.1 

82.7 

74.7 

67.8 

61.5 

56.0 

110 

107.3 

103.2 

97.2 

89.9 

81.9 

73,5 

65.6 

58.8 

52.6 

47.1 

100 

97.4 

93.4 

87.5     80.5 

72.7 

64.4 

56.6 

49.8 

43.7 

38.2 

90 

87.5 

83.6 

77.9 

71.0 

63.3 

55.2 

47.6 

40.8 

34.8 

29.3 

80 

77.6 

73.8 

68.4 

61.6 

54.0 

46.1 

38.5 

31.8 

25.9 

20.6 

70 

67.7 

64.0 

58.7 

52.2 

44.8 

37.0 

29.5 

22.9 

17.2 

12.0J 

60 

57.8 

543 

49.1 

42.7 

35.5 

27.9 

20.5 

14.0 

8.3 

40 

38.0 

34.7 

29.9 

23.9 

16.9 

9.6 

2.4 

-3.9 

20 

15.1 

10.7 

5.0    -1.7 

-8,7 

-15.4 

! 

0 

-4.5 

-8.6 

-13.9 

-20.2 

-27.0 

-33.3 
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Determine  the  dew-point,  wet-bulb,  relative  humidity  and  absolute  hu- 
equilibrium  at  100  F  with  pure  lithium  chloride  soluJon  of  density  1.270. 


Example^  1. 
midity  of  air  in  equilibrium  at  100  F  with  pure  lithium  chloride  solu^ 

Solution.  From  Table  1  the  concentration  of  a  solution  of  density  1.270  at  100  F  is 
18.0  M.  From  Fig.  2  the  dew-point  of  18  M  lithium  chloride  at  100  F  is  43.7  F.  From 
Table  6,  Chapter  1,  the  partial  pressure  of  water  over  the  solution  is  0.2858  in.  of  Hg, 
and  the  absolute  humidity  is  42.00  grains  per  pound  dry  air.  From  the  psychronietnc 
chart,  the  wet-bulb  is  66.3  F,  and  the  relative  humidity  is  15  per  cent. 

Example  2.  Determine  the  boiling  point,  and  freezing  point  of  18  M  lithium  chloride 
solutions. 

Solution,    From  Table  1,  boiling  point  (standard)  is  285.8  F,  freezing  point  is  58.1  F. 


0.1 


10  20  30  40 

PER  CENT  CALCIUM  CHLORIDE  (ANHYDROUS) 
FIG.  3.    TEMPERATURE — PRESSURE — CONCENTRATIONS  FOR  CALCIUM  CHLORIDE 

Example  S.  Calculate  the  heat  of  vaporization  of  1  Ib  of  water  from  a  large  amount  of 
18  M  lithium  chloride  solution  at  the  boiling  point. 

Solution  The  heat  of  boiling  is  equal  to  the  heat  of  mixing  plus  the  heat  of  boiling 
pure  water  at  the  same  temperature.  The  heat  of  mixing  from  Table  1  at  18  M  and 
285  8  F  is  145  —  (0.186  X  285.8)  =  92  Btu  per  pound.  The  heat  of  vaporization  of 
water  from  steam  tables  at  285.8  F  is  920  Btu  per  pound.  Therefore  the  heat  of  vaporiza- 
tion of  water  from  the  solution  is  920  +  92  »  1012  Btu  per  pound. 

Example  4.  One  thousand  pounds  of  air  per  minute  at  100  F  dry-bulb  with  a  dew- 
point  of  70  F  and  a  relative  humidity  of  39  per  cent  is  passed  over  18  M  lithium  chloride 
solution.  The  rate  of  flow  of  the  solution  is  200  gpm  and  the  entering  temperature  is 
80  F.  The  air  leaves  the  absorber  at  85  F  dry-bulb  and  dew-point  of  35  F.  Calculate 
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(a)  the  heat  to  be  removed  from  the  lithium  chloride  solution  to  maintain  these  con- 
ditions, and  (b)  the  temperature  rise  of  the  solution  in  passing  through  the  absorber. 

Solution,  (a)  The  enthalpy  of  the  entering  air  at  100  F  dry-bulb  and  39  per  cent 
relative  humidity  =  fca  +  t^as  =  24.00  +  (0.39  X  47.40)  =  42.49  Btu  per  pound 
(Table  6,  Chapter  1). 

The  relative  humidity  of  the  air  leaving  at  85  F  dry-bulb  and  35  F  dew-point  is  16.7 
per  cent  (psychrometric  chart).  Enthalpy  of  leaving  air  =  20.39  +  (0.167  X  28.85) 
«  25.21  Btu  per  pound  (Table  6,  Chapter  1). 

Heat  to  be  extracted  from  air  =  1000  (42.49  -  25.21)  =  17,280  Btu  per  minute. 
Heat  of  mixing  =  145  —  (0.186  X  80)  =  130  Btu  per  pound  of  moisture  removed. 
From  Table  6,  Chapter  1,  the  moisture  removal  per  pound  of  air  =  0.01574  —  0.00426 
=  0.01148  Ib.  Heat  of  mixing  for  1000  Ib  of  air  =  1000  X  0.01148  X  130  =  1492  Btu. 
Total  heat  extraction  =  17,280  +  1492  =  18,772  Btu  per  minute. 

(6)  The  weight  of  solution  circulated  is  200  X  1.27  (Table  1)  X  8.33  =  2116  Ib  per 
minute.  Its  heat  capacity  =  2116  X  0.631  (Table  1)  =  1335  Btu  per  minute  per  degree 
Fahrenheit.  The  temperature  rise  =  18,772  H-  1335  =  14.1  F. 

TABLE  3.    DENSITY  OF  LITHIUM  CHLORIDE  SOLUTIONS 


CONCENTRATION 
POUND  MOLS 


TEMPERATTJBE  DEG  F 


(42.4  LB)  UCl  PEB 

1000  LB  WATER 

0 

50 

100 

150 

200 

250 

300 

0 

2 

1.045 

1.037 

1.026 

1.012 

4 

1.090 

1,085 

1.076 

1.064 

1.052 

6 

1.124 

1.119 

1.111 

1.100 

1.087 

8 

1.156 

1.150 

•1.143 

1.132 

1.122 

10 

1.188 

1.181 

1.172 

1,162 

1.152 

1.142 

12 

1.217 

1.209 

1.199 

1.188 

1.178 

1.168 

14 

1.242 

1.235 

1.225 

1.214 

1.203 

1.192 

16 

1.257 

1.248 

1.236 

1.226 

1.215 

IS 

1.279 

1.270 

1.259 

1.248 

1.237 

20 

1.291 

1.280 

1.279 

1.568 

22 

1.310 

1.289 

1.278 

1.267 

24 

1.317 

1.307 

1.296 

1.286 

26 

1.313 

1.312 

1.302 

28 

1.338 

1.327 

1.318 

30 

1.34 

1.33 

32 

1.35 

SOLID  DEHYDRATION  METHODS 

One  type  of  equipment  suitable  for  producing  dehydration  with  solid 
drying  agents  utilizes  an  apparatus  with  continuous  operating  rotating 
beds  or  dampers  as  illustrated  in  Fig.  4.  The  apparatus  consists  essen- 
tially of  a  cylinder  or  drum  filled  with  dehydrating  material.  Air  flow 
through  the  drum  is  directed  by  baffles  which  permit  three  independent 
air  streams  to  flow  through  the  adsorbing  material.  One  air  stream  con- 
sists of  the  wet  air  which  is  to  be  dehydrated.  The  second  is  heated 
activation  air  used  for  drying  that  part  of  the  dehydrating  material  which 
has  become  saturated.  The  third  air  stream  purges  away  the  products  of 
combustion  left  in  the  bed  from  the  activation  cycle  (when  direct  fired) 
and  cools  the  bed  to  a  temperature  low  enough  to  permit  pickup  of 
moisture  when  that  part  of  the  bed  returns  to  the  dehydration  cycle. 

In  the  rotating  bed  apparatus,  the  baffle  sheets  are  stationary  and  the 
screened  bed  rotates  at  a  definite  speed  to  permit  the  proper  time  of 
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contact  in  the  activation,  purge  and  dehydration  cycles.  In  the  rotating 
damper  apparatus,  the  bed  remains  stationary  and  a  sectionalized  damper 
rotates.  This  rotating  damper  produces  the  same  effect  as  if  the  station- 
ary baffles  previously  mentioned  rotated. 

Clean  heated  air  for  activation  is  supplied  at  temperatures  normally 
ranging  from  300  to  450  F.  Any  source  of  heat  such  as  high  pressure 
steam  coils,  electric  heaters  or  oil  or  coal-fired  air  heat  interchangers  can, 
therefore,  be  used  for  heating  the  air.  Direct-fired  heaters  are  limited  to 
gas  since  there  must  be  no  combustion  products  to  contaminate  the 
adsorbent. 

Another  type  of  solid  dehydrating  equipment  uses  two  complete  sets 
of  stationary  adsorbing  beds,  arranged  so  that  one  set  is  dehydrating  the 
air  while  the  other  set  is  being  activated.  With  the  dampers  in  the 
position  shown  in  Fig.  5,  air  to  be  dried  flows  through  one  set  of  beds  and 
is  dehydrated,  while  activation  air  is  heated  and  circulated  through  the 


Activation  and 

: — *" 

purge  air  exhaust 


FIG.  4.    SOLID  ADSORBENT  DEHYDRATOR — ROTATING  BED  TYPE 


other  set.  After  activation  is  complete,  the  beds  are  purged  by  shutting 
off  the  activation  air  heaters  and  allowing  unheated  air  to  circulate 
through  them. 

After  the  beds  which  are  dehydrating  have  adsorbed  moisture  to  a 
degree  which  begins  to  impair  performance,  a  timer-controller  causes  the 
dampers  to  rotate  to  the  opposite  side.  Thus  the  beds  which  on  the 
previous  cycle  were  adsorbing  have  activation  air  circulated  through 
them,  and  vice  versa.  Activation  air  is  heated  in  the  same  manner  as 
with  continuous  equipment. 

LIQUID  DEHYDRATING  METHODS 

One  type  of  system  utilizing  liquid  dehydrating  agents  includes  an 
external  interchanger  having  essential  parts  consisting  of  a  dehydration 
contactor,  a  solution  concentrator,  a  solution  heater  and  a  solution  cooler, 
all  as  shown  in  Fig.  6.  The  dehydrator  contactor  is  located  in  the  wet  air 
stream.  The  air  to  be  conditioned  is  brought  into  contact  with  an 
aqueous  brine  solution  having  a  vapor  pressure  below  that  of  the  entering 
air,  resulting  in  a  transfer  of  moisture  (latent  heat).  As  previously 
described,  this  results  in  a  conversion  of  latent  to  sensible  heat,  raising 
both  air  and  solution  temperatures.  This  temperature  rise  is  kept  down 
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by  preceding  the  brine  in  the  solution  cooler  to  a  predetermined  tem- 
perature, which  is  usually  below  that  of  the  air,  by  city,  well  or  chilled 
water. 

The  excess  water  of  condensation,  which  dilutes  the  brine,  is  removed 
in  the  solution  concentrator.  This  is  a  low  pressure  steam  heat  exchanger 
which  over-concentrates  a  portion  of  the  weak  liquor  and  returns  it  to 
the  main  brine  reservoir  for  re-pumping.  The  concentrator  operates  in 
the  manner  of  an  evaporative  condenser,  whereby  moisture  is  evaporated 
from  the  brine  by  the  heating  coils  into  a  stream  of  regeneration  air,  taken 


Activation  air  inlet 


Damper  shaft  to 
timing  device 


FIG.  5.    SOLID  ADSORBENT  DEHYDRATOR — STATIONARY  BED  TYPE 

from  and  rejected  to  the  outside  atmosphere.  Low  pressure  steam  is 
normally  used  for  heating  the  brine.  When  it  is  desirable  or  necessary  to 
use  gas  or  electricity,  an  auxiliary  low  pressure  steam  boiler  is  usually 
addecl  to  the  equipment.  Concentrators  operating  on  a  simple  boiler 
principle  have  not  as  yet  been  commercially  practical. 

It  should  be  noted  that  the  solution  concentration  phase  is  the  reverse 
of  the  dehydration  process.  During  concentration  the  aqueous  vapor 
pressure  of  the  solution  is  greater  than  that  of  the  surrounding  air,  while 
during  dehydration,  the  reverse  is  the  case.  Utilization  of  this  principle 
permits  winter  humidification,  by  heating  (instead  of  cooling)  the  solution 
pumped  to  the  contactor.  Water  is  thereby  evaporated  into,  instead  of 
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condensed  out  of,  the  conditioned  air  stream.    This  requires  dilution  of 
the  brine  externally  to  the  contactor,  rather  than  concentration. 

Another  type  of  liquid  dehydrator  utilizes  an  integral  interchanger 
which  employs  the  same  type  of  solution  concentrator  as  described  for 
the  system  with  the  external  interchanger.  However,  the  dehydration 
contactor  and  solution  cooler  are  combined  by  placing  a  cooling  coil 
directly  in  the  wet  air  stream.  This  coil  provides  the  contacting  surface 
between  air  and  the  warm  concentrated  solution  which  is  sprayed  over 
the  cooling  surface.  By  circulating  a  cooling  medium  through  this  coil, 
control  of  solution  temperature  (hence  its  vapor  pressure)  is  accomplished 
directly  in  the  air  stream. 

ESTIMATING  OF  LOADS 

Where  equipment  is  used  which  removes  sensible  and  latent  heat 
simultaneously  such  as  a  chilled  water  or  direct  expansion  dehumidifier, 


.Eliminators 
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I    1        Steam  supply 
Solution  t 


Pump 

FIG.  6.    LIQUID  ABSORBENT  DEHYDRATOR  IN  WHICH  SOLUTION  COOLER  AND 
CONTACTOR  ARE  COMBINED 

the  basis  of  selection  is  usually  the  maximum  total  heat  load.  The  operating 
characteristics  of  such  equipment  normally  produce  satisfactory  _  dew- 
points  with  adequate  capacity  at  other  loads,  including  the  maximum 
latent  load  which  occurs  at  a  less-than-maximum  total  load.  With 
dehydration  equipment  in  which  moisture  removal  is  achieved  inde- 
pendently of  sensible  cooling,  it  is  necessary  that  equipment  be  chosen  for 
the  maximum  load  of  each  functional  element.  The  sensible  cooler  should 
be  selected  for  the  maximum  sensible  load;  the  dehydrator  for  the  maxi- 
mum latent  load.  These  loads  need  not  occur  simultaneously,  and  in 
fact,  rarely  do. 

In  estimating  the  maximum  latent  heat  load  for  comfort  applications, 
it  is  considered  good  practice  to  select  an  outside  design  dew-point  for  the 
locality  which  is  exceeded  on  not  more  than  5  per  cent  of  the  days  during 
the  season.  A  smaller  percentage,  or  even  the  maximum  dew-point 
recorded,  may  be  advisable  for  rigorous  industrial  applications. 

Due  consideration  should  also  be  given  to  moisture  seepage  through 
building  materials  and  vapor  infiltration  through  openings.  These  items 
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become  important  at  dew-points  below  50  F  and  have  an  extreme  effect 
upon  load  and  equipment  selection  at  dew-points  below  35  F. 

LOCATION  OF  EQUIPMENT 

All  types  of  dehydration  equipment  are,  in  general,  applicable  in  one  of 
several  possible  locations  in  the  system  air  flow  diagram.  The  choice  of 
the  type  of  equipment  and  its  location  is  dependent  upon  the  work  to  be 
performed,  the  capacity  of  the  dehydration  equipment  to  remove  moisture 
and  the  type  of  energy  available  for  activation  or  regeneration. 
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FIG.  7.    SILICA  GEL  DEHYDRATOR  PERFORMANCE  DATA 

Dehydration  apparatus  may  be  located :  (a)  to  treat  outside  air  only, 
(6)  to  treat  return  air  only,  or  (c)  to  treat  a  mixture  of  outside  and 
return  air. 

EQUIPMENT  AUXILIARIES 

Precoolers.  When  cold  water  is  available,  it  is  generally  economical  to 
use  this  water  in  a  precooling  coil  in  the  outside  air  stream.  The  dehumidi- 
fying  accomplished  by  this  coil  reduces  the  load  on  the  dehydrator;  and 
moreover,  lowering  the  temperature  of  the  inlet  air  to  the  dehydrator 
results  in  a  higher  dehydrator  moisture  removal  efficiency. 
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Dry  Air  Coolers.  Particularly  with  the  solid  adsorbent  process,  and  to 
a  lesser  extent  with  liquid  absorbents,  a  dry  air  cooler  is  employed  to 
remove  sensible  heat  from  the  dehydrated  air  whenever  it  leaves  the 
dehydrator  at  an  elevated  temperature.  A  cooling  coil  using  city  water  is 
usual  practice,  and  is  considered  economical  whenever  the  difference 
between  effluent  air  and  entering  water  temperatures  is  greater  than  15  F. 

Sensible  Heat  Coolers.  Since  the  normal  conditioning  system  requires 
sensible  heat  ^removal,  auxiliary  equipment  may  be  needed  for  this 
function^  This  is  almost  always  in  the  form  of  cooling  surface  using 
water,  brine  or  direct  expansion  refrigerant.  It  is  located  on  the  leaving 
side  of  the  dehydrator,  but  frequently  treats  in  addition  a  large  volume  of 
room  air  which  is  not  circulated  through  the  dehydrator  for  moisture 
reduction. 

CONTROLS 

The  use  of  dehydration  equipment  makes  possible  the  use  of  a  relatively 
simple  control  system  with  a  humidistat  or,  alternatively,  a  wet-bulb 
controller,  to  regulate  the  operation  of  the  dehydrator,  and  a  thermostat 
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FIG.  8.    ACTIVATED  ALUMINA  DEHYDRATOR  PERFORMANCE  DATA 


to  control  the  sensible  cooling  apparatus.     Functionally,  the  relative 
humidity  control  may  consist  of  one  of  the  following: 

1.  Stop — Start — Where  the  humidistat  starts  the  dehydrator  on  rising  humidity  and 
stops  it  on  falling  humidity. 

2.  Bypass — Where  the  humidistat  modulates  face  and  bypass  dampers  located  at  the 
wet  air  inlet  of  the  dehydrator.    Thus  the  quantity  of  air  passing  through  the  dehydrator 
is  proportioned  in  accordance  with  the  change  in  latent  heat  load. 

3.  Vapor  Pressure  Control  (used  with  liquid  absorbents) — Where  the  humidistat 
•directly  controls  the  temperature  or  concentration  of  the  contacting  solution,  thereby 
matching  the  latent  heat  removal  to  the  load  requirement. 

EQUIPMENT  PERFORMANCE 

It  is  recognized  that,  whereas  the  curves  relating  temperature  and 
vapor  pressure  of  the  several  dehydration  agents  (Figs.  1,  2  and  3) 
accurately  define  the  equilibrium  limits  for  these  materials,  these  curves 
cannot  be  used  for  predicting  performance  of  available  equipment.  This 
is  because  (a)  the  materials  themselves  can  only  be  utilized  efficiently 
within  certain  ranges  of  moisture  concentration,  and  (6)  the  degree  to 
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which  the  vapor  pressure  of  the  air  being  treated  approaches  that  at  the 
surface  of  the  material  depends  upon  the  completeness  of  the  contact. 
For  this  reason,  actual  moisture  removing  capacity  is  determined  from 
performance  curves  of  the  several  materials  under  practical  conditions  of 
temperature,  concentration  and  contacting  efficiency  as  shown  in  Figs. 
7,  8  and  9.  While  these  curves  by  no  means  explore  all  the  performance 
possibilities,  they  may  be  considered  to  be  representative  of  sound  design 
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FIG.  9.    LITHIUM  CHLORIDE  CONTACTOR  PERFORMANCE  DATA 

and  application  practice.    Representative  data  on  heat  input  and  water 
consumption  are  given  in  Table  4. 

ECONOMICS  OF  DEHYDRATION 

Almost  all  summer  comfort  air  conditioning,  as  well  as  much  industrial 
and  commercial  air  conditioning,  requires  both  of  the  functions  of 
sensible  and  latent  heat  removal  from  air.  Each  of  the  methods  of 
cooling  and  dehumidification  has  as  its  objective  either  the  removal  of 
sensible  or  latent  heat,  or  both  simultaneously.  Choice  of  method  and 
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medium  therefore  depends  solely  on  whether  (a)  method  and  medium  are 
physically  able  to  accomplish  the  desired  result  with  practical  equipment, 
and  (5)  method  and  medium  are  justifiable  economically. 

Referring  particularly  to  the  problem  of  moisture  removal,  it  may  be 
stated  that  either  dehumidification  using  chilled  water,  brine  or  direct 
expansion  refrigerant,  or  dehydration  using  solid  or  liquid  agents,  is 
equally  practical  from  the  viewpoint  of  engineering  performance  for  the 
vast  majority  of  comfort  and  for  a  great  many  industrial  applications; 

TABLE  4.    PERFORMANCE  COEFFICIENTS  AND  WATER  REQUIREMENTS  OF 
SOLID  AND  LIQUID  DEHYDRATION  PROCESSES 


MOISTURE 
GRAINS  PER  LB 

TEMPERATURE 
DEGF 

THERMAL 

COOLING  WATER 

CONSUMPTIONb 

In 

Out 

In 

Out 

i       RATIOS 

Temp. 
DegF 

Gpm  per  1000 
Btu  per  Hr  of 
Latent  Heat 

Solid  Adsorbent 


130 

65 

85 

138 

0.39 

130 

45 

85 

154 

0.35 

65 

30 

85 

118 

0.28 

45 

12 

85 

115 

0.23 

Liquid  Absorbent^ 


130 

65 

85 

99 

0.45 

85 

0.23 

130 

45 

85 

101 

0.45 

85 

0.44 

130 

45 

85 

87 

0.41 

60 

0.26 

65 

30 

85 

83 

0.41 

60 

0.64 

aThermal  performance  ratio  is  defined  as  latent  heat  removed  from  entering  air  divided  by  the  heat 
input  into  the  regenerator.  Latent  heat  may  be  actually  abstracted  from  system  or  converted  to  sensible 
heat,  depending  on  process.  No  credit  is  given  in  the  performance  ratio  for  abstraction  of  sensible  heat; 
where  it  occurs,  it  is  considered  a  by-product  effect.  Values  are  approximate  and,  while  they  can  be  con- 
strued as  typical,  may  vary  considerably  with  design  and  economic  application. 

bCooling  water  shown  is  that  required  solely  to  produce  the  latent  heat  removal.  Additional  water  is 
required  by  both  processes  for  reducing  effluent  temperatures  below  those  listed.  Gallons  per  minute  shown 
are  necessarily  an  economic  approximation,  weighing  amount  of  surface  against  water  consumption. 

cSolid  adsorbent  based  on  the  use  of  gas  for  activation. 

^Liquid  absorbent  based  on  the  use  of  steam  at  12  Ib  per  square  inch  gage  for  regeneration. 

that  is,  their  fields  of  application  overlap.  It  cannot  properly  be  stated 
that  one  method  or  material  is  superior  functionally  to  another,  since  all 
have  the  same  objective,  and  each  is  capable  of  attaining  that  objective. 
For  this  reason,  the  choice  of  method  and  agent  can  normally  be  con- 
sidered strictly  on  its  economic  merits.  The  choice  of  dehydration, 
mechanical  refrigeration,  natural  cold  water  or  ice,  must  be  justified  by 
the  initial  investment  of  available  equipment,  the  availability  and  cost 
of  prime  energy  sources,  and  the  charges  properly  allocable  to  space 
occupied,  labor  of  operation,  maintenance,  etc. 

ECONOMIC  COMPARISONS 

It  is  evident  that  it  is  not  possible  to  set  forth  definite  rules  governing 
the  choice  of  dehydration  equipment  in  preference  to  other  methods  of 
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dehumidification.    It  is  only  possible  to  state  certain  general  conditions 
which  tend  to  make  dehydration  favorable  or  unfavorable. 
Dehydration  tends  to  be  favorable  where  : 

1.  Steam  or  gas  is  available  at  a  cost  substantially  lower  than  electricity. 

2.  Required  dry-bulb  temperature  is  high  or  unimportant  in  comparison  to  main- 
tenance of  proper  relative  humidity. 

3.  Sensible  cooling  can  be  supplied  by  low  cost  city,  well,  or  river  water  available  at 
the  proper  temperature.    For  comfort  conditioning,  this  temperature  cannot  normally 
be  higher  than  65  F. 

4.  An  abnormally  high  room  latent  heat  load  or  a  large  outside  air  latent  load  is 
encountered  (such  as  in  a  dance  hall,  theater,  restaurant,  etc.). 

5.  Abnormally  low  room  dew-points  are  required  (such  as  40  F  or  lower  for  some 
manufacturing  operations). 

6.  Low  temperature  water  is  available  but  high  in  cost  or  limited  in  quantity. 

7.  In  low  temperature  driers  a  complementary  heat  exchange  can  be  utilized.    In  such 
cases,  the  sensible  heat  of  the  dry  air  from  the  dehydrator  is  reduced  by  the  evaporation 
of  moisture  within  the  drier. 

Of  the  factors  just  enumerated  Item  1  is  the  most  important  influence, 
and  if  favorable,  it  indicates  the  desirability  of  considering  dehydration. 
The  other  items  are  of  lesser  importance  as  criteria,  but  each  has  a  direct 
influence  in  the  economic  considerations. 

Dehydration  tends  to  be  unfavorable  where: 

1.  Electricity  is  low  in  cost. 

2.  Normal  comfort  dew-points  are  required  with  a  preponderantly  sensible  heat  load. 

3.  Mechanical  refrigeration  is  required  for  sensible  heat  removal. 

4.  Water  temperature  is  too  high  for  sensible  heat  removal.   For  comfort  conditioning, 
this  usually  means  water  above  65  F. 

5.  Water  is  available  in  adequate  quantity  and  at  such  temperature  that  it  can  be 
used  directly  for  both  sensible  and  latent  removal,  or  can  be  further  chilled  more  cheaply 
by  mechanical  refrigeration.     For  comfort  conditioning,  this  normally  means  water 
below  55  F. 

No  single  item  just  mentioned  will  necessarily  disqualify  dehydration, 
but  will  tend  to  require  several  favorable  factors  to  make  it  a  possibility 
for  selection. 

The  previously  outlined  criteria  are  general  and  inclusive.  When 
analyzed  with  respect  to  the  possible  fields  of  application,  it  is  evident 
that  dehydration  equipment  can  be  used,  within  its  legitimate  economic 
limits,  for:  air  conditioning  for  human  comfort,  commercial  cooling  for 
food  products  requiring  low  humidities,  industrial  air  conditioning  for 
processes,  and  industrial  drying.  Attention  is  called  to  those  particularly 
favorable  industrial  conditioning  and  drying  application s  in  which  the 
dried  air  can  be  used  at  effluent  temperature  without  further  treatment. 
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Chapter  24 

REFRIGERATION 

Mechanical    Refrigeration,    Characteristics    of    Compression 

System,  Absorption  Systejns,  Expansion  Valves,  Condensers, 

Evaporators  and  Coolers,  Refrigerant  Pipe  Si&es9  Ice  Systems, 

Equipment  Selection*  Reverse  Cycle 

/COOLING  and  dehumidification  in  air  conditioning  work  usually 
V>  requires  refrigeration  equipment.  The  localities  where  cold  water 
from  a  natural  source  is  at  a  sufficiently  low  temperature  for  comfort  air 
conditioning  are  rare,  and  evaporative  cooling  is  generally  restricted  to 
sections  of  the  country  where  humidities  are  naturally  low. 

The  important  difference  between  the  refrigeration  equipment  used  for 
comfort  air  conditioning  and  that  used  for  commercial  refrigeration  is  the 
use  of  a  relatively  higher  evaporator  temperature.  This  temperature  is 
usually  above  freezing  in  air  conditioning  refrigeration  equipment.  The 
higher  evaporator  temperature  (that  is  high  suction  pressure)  affects 
the  design  of  the  system  used,  and  makes  possible  the  use  of  systems 
that  are  not  always  practical  for  commercial  refrigeration. 

MECHANICAL  REFRIGERATION 

The  fundamentals  of  mechanical  refrigeration  systems  are  similar, 
although  they  differ  in  the  methods  used  for  compression  of  the  refri- 
gerant vapor. 

Refrigerant  vapor,  usually  saturated  or  slightly  superheated,  is  drawn 
into  the  compressor  as  diagrammed  in  Fig.  1.  It  is  then  compressed  and 
discharged  at  a  higher  pressure  to  a  condenser.  The  vapor  is  condensed 
as  it  contacts  a  heat  transfer  surface  over  which  is  flowing  a  cooling 
medium  such  as  water,  air  or  a  combination  of  the  two.  The  liquid 
refrigerant  flows  to  the  evaporator  through  an  expansion  valve  which 
reduces  its  pressure  and  regulates  its  flow.  In  the  evaporator,  the  refri- 
gerant absorbs  heat  from  the  medium  which  is  to  be  cooled.  When  this 
medium  is  water  or  brine,  the  evaporator  is  known  as  a  water  or  brine 
cooler  and  the  refrigeration  system,  if  used  for  air  cooling,  is  known  as  an 
indirect  system.  When  the  medium  cooled  is  air,  the  evaporator  is 
known  as  a  direct  expansion  cooler  and  the  system  is  known  as  a  direct 
expansion  system. 

Fundamentally,  the  function  of  the  system  is  to  absorb  heat  at  one 
temperature  and  pump  it  to  a  higher  temperature,  where  it  may  be 

443 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


TABLE  1.     PROPERTIES  OF  AMMONIA 


SAT. 
TEMP. 
F 

ABS. 
PRESS. 
LB  PER 
SQ!H. 

VOLUME 

HEAT  CONTENT  AND  ENTBOPY  TAKEN  FHOM  —40  F 

Heat  Content 

Entropy 

100  F  Superheat 

200  F  Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Ht.  Ct. 

Entropy 

Ht.  Ct. 

Entropy 

0 

30.42 

0.02419 

9.116 

42.9 

611.8 

0.0975 

1.3352 

666.8 

1.4439 

720.3 

1.5317 

2 

31.92 

0.02424 

8.714 

45.1 

612.4 

0.1022 

1.3312 

667.6 

1.4400 

721.2 

1.5277 

4 

33.47 

0.02430 

8.333 

47.2 

613.0 

0.1069 

1.3273 

668.4 

1.4360 

722.2 

1.5236 

5 

34.27 

0.02432 

8.150 

48.3 

613.3 

0.1092 

1.3253 

668.8 

1.4340 

722.6 

1.5216 

6 

35.09 

0.02435 

7.971 

49.4 

613.6 

0.1115 

1.3234 

669.3 

1.4321 

723.1 

1.5196 

8 

36.77 

0.02440 

7.629 

51.6 

614.3 

0.1162 

1.3195 

670.1 

1.4281 

724.1 

1.5155 

10 

38.51 

0.02446 

7.304 

53.8 

614.9 

0.1208 

1.3157 

670.9 

1.4242 

725.0 

1.5115 

12 

40.31 

0.02451 

6.996 

56.0 

615.5 

0.1254 

1.3118 

671.7 

1.4205 

725.9 

1.5077 

14 

42.18 

0.02457 

6.703 

58.2 

616.1 

0.1300 

1.3081 

672.5 

1.4168 

726.8 

1.5039 

16 

44.12 

0.02462 

6.425 

60.3 

616.6 

0.1346 

1.3043 

673.4 

1.4130 

727.8 

1.5001 

18 

46.13 

0.02468 

6.161 

62.5 

617.2 

0.1392 

1.3006 

674.2 

1.4093 

728.7 

1.4963 

20 

48.21 

0.02474 

5.910 

64.7 

617.8 

0.1437 

1.2969 

675.0 

1.4056 

729.6 

1.4925 

22 

50.36 

0.02479 

5.671 

66.9 

618.3 

0.1483 

1.2933 

675.8 

1.4021 

730.5 

1.4889 

24 

52.59 

0.02485 

5.443 

69.1 

618.9 

0.1528 

1.2897 

676.6 

1.3985 

731.4 

1.4853 

26 

54.90 

0.02491 

5.227 

71.3 

619.4 

0.1573 

1.2861 

677.3 

1.3950 

732.4 

1.4816 

28 

57.28 

0.02497 

5.021 

73.5 

619.9 

0.1618 

1.2825 

678.1 

1.3914 

733-3 

1.4780 

30 

59.74 

0.02503 

4.825 

75.7 

620.5 

0.1663 

1.2790 

678.9 

1.3879 

734.2 

1.4744 

32 

62.29 

0.02508 

4.637 

77.9 

621.0 

0.1708 

1.2755 

679.7 

1.3846 

735.1 

1.4710 

34 

64.91 

0.02514 

4.459 

80.1 

621.5 

0.1753 

1.2721 

680.4 

1.3812 

736.0 

1.4676 

36 

67.63 

0.02521 

4.289 

82.3 

622.0 

0.1797 

1.2686 

681.2 

1.3779 

736.8 

1.4643 

38 

70.43 

0.02527 

4.126 

84.6 

622.5 

0.1841 

1.2652 

681.9 

1.3745 

737.7 

1.4609 

39 

71.87 

0.02530 

4.048 

85.7 

622.7 

0.1863 

1.2635 

682.3 

1.3729 

738.2 

1.4592 

40 

73.32 

0.02533 

3.971 

86.8 

623.0 

0.1885 

1.2618 

682.7 

1.3712 

738.6 

1.4575 

41 

74.80 

0.02536 

3.897 

87.9 

623.2 

0.1908 

1.2602 

683.1 

1.3696 

739.0 

1.4559 

42 

76.31 

0.02539 

3.823 

89.0 

623.4 

0.1930 

1.2585 

683.4 

1.3680 

739.5 

1.4542 

44 

79.38 

0.02545 

3.682 

91.2 

623.9 

0.1974 

1.2552 

684.2 

1.3648 

740.4 

1.4510 

46 

82.55 

0.02551 

3.547 

93.5 

624.4 

0.2018 

1.2519 

684.9 

1.3616 

741.3 

1.4477 

48 

85.82 

0.02558 

3.418 

95.7 

624.8 

0.2062 

1.2486 

685.6 

1.3584 

742.2 

1.4445 

50 

89.19 

0.02564 

3.294 

97.9 

625.2 

0.2105 

1.2453 

686.4 

1.3552 

743.1 

1.4412 

52 

92.66 

0.02571 

3.176 

100.2 

625.7 

0.2149 

1.2421 

687.1 

1.3521 

744.0 

1.4382 

54 

96.23 

0.02577 

3.063 

102.4 

626.1 

0.2192 

1.2389 

687.8 

1.3491 

744.8 

1.4351 

56 

99.91 

0.02584 

2.954 

104.7 

626.5 

0.2236 

1.2357 

688.5 

1.3460 

745.7 

1.4321 

58 

103.7 

0.02590 

2.851 

106.9 

626.9 

0.2279 

1.2325 

689.2 

1.3430 

746.5 

1.4290 

60 

107.6 

0.02597 

2.751 

109.2 

627.3 

0.2322 

1.2294 

'689.9 

1.3399 

747.4 

1.4260 

62 

111.6 

0.02604 

2.656 

111.5 

627.7 

0.2365 

1.2262 

690.6 

1.3370 

748.2 

1.4231 

64 

115.7 

0.02611 

2.565 

113.7 

628.0 

0.2408 

1.2231 

691.3 

1.3341 

749.1 

1.4202 

66 

120.0 

0.02618 

2.477 

116.0 

628.4 

0.2451 

1.2201 

691.9 

1.3312 

749.9 

1.4172 

68 

124.3 

0.02625 

2.393 

118.3 

628.8 

0.2494 

1.2170 

692.6 

1.3283 

750.8 

1.4143 

70 

128.8 

0.02632 

2.312 

120.5 

629.1 

0.2537 

1.2140 

693.3 

1.3254 

751.6 

1.4114 

72 

133.4 

0.02639 

2.235 

122.8 

629.4 

0.2579 

1.2110 

694.0 

1.3226 

752.4 

1.4086 

74 

138.1 

0.02646 

2.161 

125.1 

629.8 

0.2622 

1.2080 

694.6 

1.3199 

753.3 

1.4059 

76 

143.0 

0.02653 

2.089 

127.4 

630.1 

0.2664 

1.2050 

695.3 

1.3171 

754.1 

1.4031 

78 

147.9 

0.02661 

2.021 

129.7 

630.4 

0.2706 

1.2020 

695.9 

1.3144 

755.0 

1.4004 

80 

153.0 

0.02668 

1.955 

132.0 

630.7 

0.2749 

1.1991 

696.6 

1.3116 

755.8 

1.3976 

82 

158.3 

0.02675 

1.892 

134.3 

631.0 

0.2791 

1.1962 

697.2 

1.3089 

756.6 

1.3949 

84 

163.7 

0.02684 

1.831 

136.6 

631.3 

0.2833 

1.1933 

697.8 

1.3063 

757.4 

1.3923 

S6 

169.2 

0.02691 

1.772 

138.9 

631.5 

0.2875 

1.1904 

698.5 

1.3040 

758.3 

1.3896 

88 

174.8 

0.02699 

1.716 

141.2 

6318 

0.2917 

1.1875 

699.1 

1.3010 

759.1 

1.3870 

90 

180.6 

0.02707 

1.661 

143.5 

632.0 

0.2958 

1.1846 

699.7 

1.2983 

759.9 

1.3843 

92 

186.6 

0.02715 

1.609 

145.8 

632.2 

0.3000 

1.1818 

700.3 

1.2957 

760.7 

1.3818 

94 

192.7 

0.02723 

1.559 

148.2 

632.5 

0.3041 

1.1789 

700.9 

1.2932 

761.5 

1.3793 

96 

198.9 

0.02731 

1.510 

150.5 

632.6 

0.3083 

1.1761 

701.5 

1.2906 

762.2 

1.3768 

98 

205.3 

0.02739 

1.464 

152.9 

632.9 

0.3125 

1.1733 

702.1 

1.2881 

763.0 

1.3743 

100 

211.9 

0.02747 

1.419 

155.2 

633.0 

0.3166 

1.1705 

702.7 

1.2855 

763.8 

1.3718 

102 

218.6 

0.02756 

1,375 

157.6 

633.2 

0.3207 

1.1677 

703.3 

1.2830 

764.6 

1.3693 

104 

225.4 

0.02764 

1.334 

159.9 

633.4 

0.3248 

1.1649 

703.8 

1.2805 

765.3 

1.3668 

106 

232.5 

0.02773 

1.293 

162.3 

633.5 

0.3289 

1.1621 

704.3 

1.2780 

766.1 

1.3643 

108 

239.7 

0.02782 

1.254 

164.6 

633.6 

0.3330 

1.1593 

705.0 

1.2755 

766.9 

1.3619 

110 

247.0 

0.02790 

1.217 

167.0 

633.7 

0.3372 

1.1566 

705.5 

1.2731 

767.6 

1.3596 

112 

254.5 

0.02799 

1.180 

169.4 

633.8 

0.3413 

1.1538 

706.1 

1.2708 

768.3 

1.3573 

114 

262.2 

0.02808 

1.145 

171.8 

633.9 

0.3453 

1.1510 

706.6 

1.2684 

769.1 

1.3550 

116 

270.1 

0.02817 

1.112 

174.2 

634.0 

0.3495 

1.1483 

707.2 

1.2661 

769.8 

1.3527 

118 

278.2 

0.02827 

1.079 

176.6 

634.0 

0.3535 

1.1455 

707.7 

1.2636 

770.5 

1.3503 

120 

286.4 

0.02S36 

1.047 

179.0 

634.0 

0.3576 

1.1427 

708.2 

1.2612 

771.3 

1.3479 

122 

294.8 

0.02846 

1.017 

181.4 

634.0 

0.3618 

1.1400 

708.6 

1.2587 

772.0 

1.3455 

124 

303.4 

0.02855 

0.987 

183.9 

634.0 

0.3659 

1.1372 

709.1 

1.2563 

772.8 

1.3431 

126 

312.2 

0.02865 

0.958 

186.3 

633.9 

0.3700 

1.1344 

709.6 

1.2538 

773.5 

1.3407 

128 

321.2 

0.02875 

0.931 

188.8 

633.9 

0.3741 

1.1316 

710.0 

1.2513 

774.2 

1.3383 
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CHAPTER  24.    REFRIGERATION 


removed  ^by  an  available  cooling  medium.  In  order  to  conserve  refri- 
gerant, virtually  all  refrigeration  systems  are  completely  closed  and  the 
same  refrigerant  is  recirculated. 

The  fundamental  heat  equations  (disregarding  losses)  which  should  be 
kept  in  mind  are:  (1)  the  heat  absorbed  in  the  evaporator  plus  the  heat 
added  to  the  refrigerant  during  compression  equals  the  heat  rejected  by 
the  condenser;  (2)  the  heat  added  to  the  refrigerant  during  compression 
is  equal  to  the  input  to  the  compressor  shaft  less  the  heat  dissipated  from 
the  compressor  to  the  surroundings. 

In  the  case  where  the  compressor  is  driven  by  an  electric  motor,  the 
heat  due  to  compression  is  equal  to  the  motor  input  less  the  electrical 
motor  losses,  less  the  power  transmission  losses  and  less  the  heat  dis- 
sipated from  the  compressor  to  the  surroundings. 


Heat  of  Compression 
Added  to  Gas 


Low  Pressure  Saturated  Gas 


High-Pressure  Superheated  Gas 


neai.  i«i«n  nrom 

Refrigerant  by 
Condensing  Medium 


High  Pressure  Saturated  LJquid 

FIG.  1.    MECHANICAL  REFRIGERATION  SYSTEM 

Refrigerants 

There  are  many  substances  which  might  be  used  as  refrigerants  in 
mechanical  refrigeration  systems,  but  in  practice  the  choice  is  limited 
by  a  wide  variety  of  considerations  including  availability,  cost,  safety, 
chemical  stability  and  adaptability  to  the  type  of  refrigerating  system 
to  be  used. 

In  this  chapter  detailed  consideration  is  limited  to  six  substances,  viz: 
ammonia,  dichlorodifluoromethane  (F 12),  methyl  chloride,  carbon  dioxide, 
monofluorotrichloromethane  (Fu),  and  water,  properties  for  each  of  which 
are  given  in  Tables  1, 2, 3, 4, 5  and  6.  Each  table  gives  the  principal  physi- 
cal properties  of  the  saturated  substance,  and  all  are  arranged  in  uniform 
fashion.  In  all  except  the  water  table,  columns  are  included  which  give 
the  heat  content  and  entropy  of  the  superheated  vapor  at  two  selected 
points.  The  first  four  refrigerants  named  are  used  in  reciprocating 
and  rotary  compressors.  The  last  two  are  used  in  centrifugal  compressors. 
Water  is  also  used  in  steam  jet  equipment. 
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TABLE  2.     PROPERTIES  OF  DICHLORODIFLUOROMETHANECFU) 


SAT. 
TEMP. 
F 

ABS. 
PRESS. 
LB  PER 
SQ!N. 

VOLUME 

HEAT  CONTENT  AND  ENTROPY  TAKEN  FROM  —40  F 

Heat  Content 

Entropy 

25  F  Superheat 

50  F  Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Ht.  Ct. 

Entropy 

HLCt. 

Entropy 

0 

23.87 

0.0110 

1.637 

8.25 

78.21 

0.01869 

0.17091 

81.71 

0.17829 

85.26 

0.18547 

2 

24.89 

0.0110 

1.574 

8.67 

78.44 

0.01961 

0.17075 

81.94 

0.17812 

85.51 

0.18529 

4 

25.96 

0.0111 

1.514 

9.10 

78.67 

0.02052 

0.17060 

82.17 

0  17795 

85.76 

0.18511 

5 

26.51 

0.0111 

1.485 

9.32 

78.79 

0.02097 

0.17052 

82.29 

0.17786 

85.89 

0.18502 

6 

27.05 

0.0111 

1.457 

9.53 

78.90 

0.02143 

0.17045 

82.41 

0.17778 

86.01 

0.18494 

8 

28.18 

0.0111 

1.403 

9.96 

79.13 

0.02235 

0.17030 

82.66 

0.17763 

8626 

0.18477 

10 

29.35 

0.0112 

1.351 

10.39 

79.36 

0.02328 

0.17015 

82.90 

0.17747 

86.51 

0.18460 

12 

30.56 

0.0112 

1.301 

10.82 

79.59 

0.02419 

0.17001 

83.14 

0.17733 

86.76 

0.18444 

14 

31.80 

0.0112 

1.253 

11.26 

79.82 

0.02510 

0.16987 

83.38 

0.17720 

87.01 

0.18429- 

16 

33.08 

0.0112 

1.207 

11.70 

80.05 

0.02601 

0.16974 

83.61 

0.17706 

87.26 

0.18413 

18 

34.40 

0.0113 

1.163 

-  12.12 

80.27 

0.02692 

0.16961 

83.85 

0.17693 

87.51 

0.18397 

20 

35.75 

0.0113 

1.121 

12.55 

80.49 

0.02783 

0.16949 

84.09 

0.17679 

87.76 

0.18382 

22 

37.15 

0.0113 

1.081 

13.00 

80.72 

0.02873 

0.16938 

84.32 

0,17666 

88.00 

0.18369* 

24 

38.58 

0.0113 

1.043 

13.44 

80.95 

0.02963 

0.16926 

84.55 

0.17652 

88.24 

0.18355 

26 

40.07 

0.0114 

1.007 

13.88 

81.17 

0.03053 

0.16913 

84.79 

0.17639 

88.49 

0.18342 

28 

41.59 

0.0114 

0.973 

14.32 

8L39 

0.03143 

0.16900 

85.02 

0.17625 

88.73 

0.1832& 

30 

43.16 

0.0115 

0.939 

14,76 

81.61 

0.03233 

0.16887 

85.25 

0.17612 

88.97 

0.18315- 

32 

44.77 

0.0115 

0.908 

15.21 

81.83 

0.03323 

0.16876 

85.48 

0.17600 

89.21 

0.18303 

34 

46.42 

0.0115 

0.877 

15.65 

82.05 

0.03413 

0.16865 

85.71 

0.17589 

89.45 

0.18291 

36 

48.13 

0.0116 

0.848 

16.10 

82.27 

0  03502 

0.16854 

85.95 

0.17577 

89.68 

0.18280 

38 

49.88 

0.0116 

0.819 

16.55 

82.49 

0.03591 

0.16843 

86.18 

0.17566 

89.92 

0.18268 

39 

50.78 

0.0116 

0.806 

16.77 

82.60 

0.03635 

0.16838 

86.29 

0.17560 

90.04 

0.18262 

40 

51.68 

0.0116 

0.792 

17.00 

82.71 

0.03680 

0.16833 

86.41 

0.17554 

90.16 

0.18256 

41 

52.70 

0.0116 

0.779 

17.23 

82.82 

0.03725 

0.16828 

86.52 

0.17549 

90.28 

0.18251 

42 

53.51 

0.0116 

0.767 

17.46 

82.93 

0.03770 

0.16823 

86.64 

0.17544 

90.40 

0.18245 

44 

55.40 

0.0117 

0.742 

17.91 

83.15 

0.03859 

0.16813 

86.86 

0.17534 

90.65 

0.18235 

46 

57.35 

0.0117 

0.718 

18.36 

83.36 

0.03948 

0.16803 

87.09 

0.17525 

90.89 

0.18224 

48 

59.35 

0.0117 

0.695 

18.82 

83.57 

0.04037 

0.16794 

87.31 

0.17515 

91.14 

0.18214 

50 

61.39 

0.0118 

0.673 

19.27 

83.78 

0.04126 

0.16785 

87.54 

0.17505 

91.38 

0.18203 

52 

63.49 

0.0118 

0.652 

19.72 

83.99 

0.04215 

0.16776 

87.76 

0.17496 

91.61 

0.18193 

54 

65.63 

0.0118 

0.632 

20.18 

84.20 

0.04304 

0.16767 

87.98 

0.17486 

91.83 

0.18184 

56 

67.84 

0.0119 

0.612 

20.64 

84.41 

0.04392 

0.16758 

88.20 

0.17477 

92.06 

0.18174 

58 

70.10 

00119 

0.593 

21.11 

84.62 

0.04480 

0.16749 

88.42 

0.17467 

92.28 

0.18165 

60 

72.41 

0.0119 

0.575 

21.57 

84.82 

0.04568 

0.16741 

88.64 

0.17458 

92.51 

0.18155 

62 

74.77 

0.0120 

0.557 

22.03 

85.02 

0.04657 

0.16733 

88.86 

0.17450 

92.74 

0.18147 

64 

77.20 

0.0120 

0.540 

22.49 

85.22 

0.04745 

0.16725 

89.07 

0.17442 

92.97 

0-18139 

66 

79.67 

0.0120 

0.524 

22.95 

85.42 

0.04833 

0.16717 

89.29 

0.17433 

93.20 

0.18130 

68 

82.24 

0.0121 

0.508 

23.42 

85.62 

0.04921 

0.16709 

89.50 

0.17425 

93.43 

0.18122 

70 

84.82 

0.0121 

0.493 

23.90 

85.82 

0.05009 

0.16701 

89.72 

0.17417 

93.66 

0.18114 

72 

87.50 

0.0121 

0.479 

24.37 

86.02 

0.05097 

0.16693 

89.93 

0.17409 

93.99 

0.18106 

74 

90.20 

0.0122 

0.464 

24.84 

86.22 

0.05185 

0.16685 

90.14 

0.17402 

94.12 

0.1809S 

76 

93.00 

0.0122 

0.451 

25.32 

86.42 

0.05272 

0.16677 

90.36 

0.17394 

94.34 

0.18091 

78 

95.85 

0.0123 

0.438 

25.80 

86.61 

0.05359 

0.16669 

90.57 

0.17387 

94.57 

0.18083 

80 

98.76 

0.0123 

0.425 

26.28 

86.80 

0.05446 

0.16662 

90.78 

0.17379 

94.80 

0.18075 

82 

101.70 

0.0123 

0.413 

26.76 

86.99 

0.05534 

0.16655 

90.98 

0.17372 

95.01 

0.18068- 

84 

104,8 

0.0124 

0.401 

27.24 

87.18 

0.05621 

0.16648 

91.18 

0.17365 

95.22 

0,18061 

86 

107.9 

0.0124 

0.389 

27.72 

87.37 

0.05708 

0.16640 

91.37 

0.17358 

95.44 

0.18054 

88 

111.1 

0.0124 

0.378 

28.21 

87.56 

0.05795 

0.16632 

91.57 

0.17351 

95.65 

0.18047 

90 

114.3 

0.0125 

0.368 

28.70 

87.74 

0.05882 

0.16624 

91.77 

0.17344 

95.86 

0.18040 

92 

117.7 

0.0125 

0.357 

29.19 

87.92 

0.05969 

0.16616 

91.97 

0.17337 

96.07 

0.18033 

94 

121.0 

0.0126 

0.347 

29.68 

88.10 

0.06056 

0.16608 

92.16 

0.17330 

96.28 

0.18026- 

96 

124.5 

0.0126 

0.338 

30.18 

88.28 

0.06143 

0.16600 

92.36 

0.17322 

96.50 

0.18018 

98 

128.0 

0.0126 

0.328 

30.67 

88.45 

0.06230 

0,16592 

92.55 

0.17315 

96.71 

0.18011 

100 

131.6 

0.0127 

0.319 

31.16 

88.62 

0.06316 

0.16584 

92.75 

0.17308 

96.92 

0.18004 

102 

135.3 

0.0127 

0.310 

31.65 

88.79 

0.06403 

0.16576 

92.93 

0.17301 

97.12 

0.17998- 

104 

139.0 

0.0128 

0.302 

32.15 

88.95 

0.06490 

0.16568 

93.11 

0.17294 

97.32 

0.17993- 

106 

142.8 

0.0128 

0.293 

32.65 

89.11 

0.06577 

0.16560 

93.30 

0.17288 

97.53 

0.17987 

108 

146.8 

0.0129 

0.285 

33.15 

89.27 

0.06663 

0.16551 

93.48 

0.17281 

97.73 

0.17982- 

110 

150.7 

0.0129 

0.277 

33.65 

89.43 

0.06749 

0.16542 

93.66 

0.17274 

97.93 

0.17976 

112 

154.8 

0.0130 

0.269 

34.15 

89.58 

0.06836 

0.16533 

93.82 

0.17266 

98.11 

0.17969- 

114 

158.9 

0.0130 

0.262 

34.65 

89.73 

0.06922 

0.16524 

93.98 

0.17258 

98.29 

0.17961 

116 

163.1 

0.0131 

0.254 

35.15 

89.87 

0.07008 

0.16515 

94.15 

0.17249 

98.48 

0.17954 

IIS 

167.4 

0.0131 

0.247 

35.65 

90.01 

0.07094 

0.16505 

94.31 

0.17241 

98.66 

0.17946 

120 

171.8 

0,0132 

0.240 

36.16 

90.15 

0.07180 

0.16495 

94.47 

0.17233 

98.84 

0.17939 

122 

176.2 

0.0132 

0.233 

36.66 

90.28 

0.07266 

0.16484 

94.63 

0.17224 

99.01 

0.17931 

124 

180.8 

0.0133 

0.227 

37.16 

90.40 

0.07352 

0.16473 

94.78 

0.17215 

99.18 

0.17922 

126 

185.4 

0.0133 

0.220 

37.67 

90.52 

0.07437 

0.16462 

94.94 

0.17206 

99.35 

0.17914 

128 

190.1 

0.0134 

0.214 

38.18 

90.64 

0.07522 

0.16450 

95.09 

0.17196 

99.53 

0.17906 

130 

194.9 

0.0134 

0.208 

38.69 

90.76 

0.07607 

0.16438 

95.25 

0.17186 

99.70 

0.17897 

132 

199.8 

0.0135 

0.202 

39.19 

90.86 

0.07691 

0.16425 

95.41 

0.17176 

99.87 

0.17889 

134 

2048 

0.0135 

0.196 

39.70 

90,96 

0.07775 

0.16411 

95.56 

0.17166 

100.04 

0.17881 

136 

209.9 

0.0136 

0.191 

40.21 

91.06 

0.07858 

0.16396 

95.72 

0.17156 

100.22 

0.17873 

138 

215.0 

0.0137 

0.185 

40.72 

91.15 

0.07941 

0.16380 

95.87 

0.17145 

100.39 

0.17864 

140 

220.2 

0.0138 

0.180 

41.24 

91.24 

0.08024 

0.16363 

96.03 

0.17134 

100.56 

0.17856 
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CHAPTER  24.    REFRIGERATION 


TABLE  3.    PROPERTIES  OF  METHYL  CHLORIDE 


SAT. 

TEMP. 
F 

ABB. 
PRESS. 
LB  PER 
SQ!N. 

VOLUME 

HEAT  CONTENT  AND  RNTHQFT  TAKEN  FBOK  —40  F 

Heat  Content 

Eairopy 

100  F  Superheat 

200  F  Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

HtCt 

Entropy 

HtCt 

Entropy 

0 

18.73 

0.0162 

5.052 

14.4 

192.4 

0.0328 

0.4197 

215.6 

0.467 

237.2 

0307 

2 

19.60 

0.0162 

4.856 

15.1 

193.1 

0.0344 

0.4196 

216.2 

0.466 

237,7 

0.505 

4 

20.47 

0.0163 

4.661 

15.8 

193.8 

0.0360 

0,4195 

216.7 

0.465 

238.2 

0.504 

5 

20.91 

0.0163 

4.563 

16.2 

194.1 

0.0368 

0.4195 

217.0 

0.464 

23S.5 

0.503 

6 

21.39 

0.0163 

4.476 

16.6 

194.4 

0.0376 

Q.4I94 

2173 

0.464 

238.8 

0.502 

8 

22.34 

0.0164 

4.303 

17.3 

195.1 

0.0391 

0.4193 

217.9 

0.463 

239.4 

0.501 

10 

23.30 

0.0164 

4.129 

18.1 

195.8 

0.0407 

0.4192 

218,5 

0.463 

240.0 

0.500 

12 

24.38 

0.0164 

3.984 

18.8 

196.3 

0.0423 

0.4184 

219.0 

0.462 

240.5 

0.499 

14 

25.46 

0.0164 

3.839 

19.6 

196.7 

0.0439 

0.4176 

219.5 

0.462 

241.0 

0.498 

16 

26.55 

0.0165 

3.693 

20.3 

197.2 

0.0454 

0.4168 

220.0 

0.461 

2413 

0.498 

18 

27.63 

0.0165 

3.548 

21.1 

197.6 

0.0472 

0.4160 

22Q.5 

0.461 

242.0 

0.497 

20 

28.71 

0.0166 

3.403 

21.8 

198.1 

0.04S6 

0.4152 

221.0 

0.460 

2423 

0.496 

22 

29.98 

0.0166 

3.288 

22.5 

198.5 

0.0501 

0.4148 

2213 

0.459 

243.0 

0.495 

24 

31.25 

0.0166 

3.172 

23.3 

198.9 

0.0516 

0.4143 

222,0 

0.459 

243.6 

0.495 

26 

32.53 

0.0167 

3.057 

24.0 

199.3 

0.0532 

0,4139 

222.4 

0.458 

244.1 

0.494 

28 

33.80 

0.0167 

2.941 

24.8 

199.7 

0.0547 

0.4134 

222,9 

0.458 

244.7 

0.494 

30 

35.07 

0.0168 

2.826 

25.5 

200.1 

0,0562 

0,4130 

223.4 

&457 

245.2 

0.493 

32 

36.5S 

0.0168 

2.734 

26.2 

200.5 

0.0577 

0.4124 

223.9 

0.456 

245.7 

0.492 

34 

38.03 

0.0169 

2.642 

27.0 

200.9 

0.0592 

0.4118 

2243 

Q.45S 

246.2 

0.492 

36 

39.51 

0.0169 

2449 

27.7 

201.4 

0.0607 

0.4111 

224,8 

0.455 

246.7 

0.491 

38 

40.99 

0.0169 

2.457 

28.5 

201.8 

0.0622 

0,4105 

225.2 

0.454 

247.2 

0.491 

39 

41.73 

0.0170 

2.411 

28.8 

202.0 

0.0629 

0.4102 

225.5 

0.453 

247.4 

0.490 

40 

42.47 

0.0170 

1365 

29.2 

202.2 

0.0637 

0.4099 

225.7 

0.453 

247.7 

0.490 

41 

43.33 

0.0170 

2.328 

29.6 

202.4 

0.0644 

0.4096 

225.9 

0.453 

248.0 

0.490 

42 

44.18 

0.0171 

2.290 

29.9 

202.6 

0.0651 

0.4093 

226.1 

0.452 

2483 

0.489 

44 

45.89 

0.0171 

2.216 

30.7 

203.0 

0.0666 

0.4087 

226.6 

0.451 

248.8 

0.489 

46 

47.61 

0.0171 

2.141 

31.4 

203.3 

0.0680 

0.4081 

227.0 

0.451 

249.4 

0.48S 

48 

49.32 

0.0172 

2.067 

32.2 

203.7 

0.0695 

0.4075 

2273 

0.450 

249.9 

0.433 

50 

51.03 

0.0172 

1.992 

32.9 

204.1 

0.0709 

0.4069 

227.9 

0.449 

250.5 

0.487 

52 

53.00 

0.0172 

1.931 

33.7 

204.4 

0.0724 

0.4063 

228.2 

0.448 

251.0 

0.4S5 

54 

54.97 

0.0173 

1.870 

34.4 

204.7 

0.0739 

0.4056 

228.6 

0.448 

251.5 

0.486 

56 

56.94 

0.0173 

1.810 

35.2 

205.1 

0.0754 

0.4050 

228.9 

0.447 

252.0 

0.485 

58 

58.91 

0.0173 

1.749 

35.9 

205.4 

0.0769 

0.4043 

2293 

0.447 

2523 

0.485 

«0 

60.88 

0.0174 

1.688 

36.7 

205.7 

0.0784 

0.4037 

229.6 

0.446 

253.0 

0.484 

62 

63.13 

0.0174 

1.638 

37.4 

206.0 

0.0798 

0.4030 

229.9 

0.445 

2533 

a483 

64 

65.37 

0.0174 

1.583 

38.2 

206.3 

0.0812 

0.4024 

2303 

0.444 

254.0 

0.483 

-66 

67.62 

0.0175 

1.539 

38.9 

206.6 

0.0827 

0.4017 

230.6 

0.443 

254,5 

0.482 

68 

69.86 

0.0175 

1.489 

39.7 

206.9 

0.0841 

0.4011 

231.0 

0.442 

255.0 

0.482 

70 

72.11 

0.0176 

1.439 

40.4 

207,2 

0.0855 

0.4004 

2313 

0.441 

255.5 

0.481 

72 

74.66 

0.0176 

1.398 

41.1 

207.5 

O.OS69 

0.3998 

231.6 

0.440 

256.0 

0.480 

74 

77.21 

0.0177 

1.357 

41.9 

207.7 

0.0883 

0.3992 

232.0 

0.439 

256.5 

0.480 

76 

79.76 

0.0177 

1315 

42.6 

208.0 

0.0898 

0.3935 

2323 

0.439 

256.9 

0.479 

78 

82.31 

0.0178 

1.274 

43.4 

208.2 

0.0912 

0.3979 

232.7 

0.43S 

257.4 

0.479 

SO 

84.86 

0.0178 

1.233 

44.1 

208.5 

0.0926 

0.3973 

233.0 

0.437 

257.9 

0.478 

82 

87.74 

0.0178 

1.199 

44.8 

208.7 

0.0940 

03967 

2333 

0.436 

258.4 

0.478 

84 

90.62 

0.0179 

1.165 

45.6 

209.0 

0.0953 

03960 

2336 

0.435 

258.9 

0.477 

$6 

93.50 

0.0179 

1.130 

46.3 

209.2 

0.0967 

0.3954 

233.9 

0.435 

259.4 

0.477 

88 

96.38 

0.0180 

1.096 

47.1 

209.5 

0.0980 

0.3947 

234.2 

0.434 

259.9 

0476 

90 

99.26 

0.0180 

1.062 

47.8 

209.7 

0.0994 

0.3941 

234.5 

0433 

260.4 

0.476 

92 

102.49 

0.0180 

1.033 

48.6 

2099 

0.1008 

03935 

234.8 

0.433 

260.8 

0.476 

94 

105.72 

0.0181 

1.005 

49.3 

210.2 

0.1022 

03929 

235.1 

0.432 

261.2 

0.475 

96 

108.94 

0.0181 

0.9764 

50.1 

210.4 

0.1035 

0.3922 

235.4 

0,432 

261.6 

0.475 

98 

11117 

0,0182 

0.9478 

50.8 

210.7 

0.1049 

0.3916 

235.7 

0.431 

262.0 

0.474 

100 

115.40 

0.0182 

0.9193 

51.6 

210.9 

0.1063 

03910 

236.0 

0.431 

262.4 

0.474 

102 

119.00 

0,0183 

0,8952 

52.3 

211.1 

0.1076 

03903 

236,4 

0.430 

2623 

0.474 

104 

122.60 

0.0183 

0.8712 

53.1 

211.3 

0.1090 

03897 

236£ 

0,430 

263.2 

0.473 

106 

126.20 

0.0184 

0.8471 

53.8 

211.4 

0.1103 

0.3890 

237.1 

0.429 

263.5 

0.473 

108 

129.80 

0.0184 

0.8231 

54.6 

211.6 

0.1117 

03884 

237.5 

0.429 

263.9 

0.472 

110 

133.40 

0.0185 

0,7990 

55.3 

211.8 

0.1130 

03877 

237.9 

0.428 

2643 

0.472 

112 

137.42 

0.0185 

0.7786 

56.1 

212.0 

0.1144 

03871 

238.1 

0.427 

264.6 

0.471 

114 

141.44 

0,0185 

0.7583 

56.8 

212.2 

0.1157 

03S64 

2383 

0.427 

264.8 

0.470 

116 

145.46 

0.0186 

0.7379 

57.6 

212.4 

0.1171 

03858 

238.6 

0.426 

265.1 

0.470 

118 

149.48 

a0i86 

a?176 

58.3 

212.6 

0.1184 

03851 

238.8 

0.426 

2653 

0.469 

120 

153.50 

QjOl87 

0.6972 

59.1 

212.8 

0.1198 

03845 

239.0 

0,425 

265.6 

0.468 
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HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


TABLE  4.    PROPERTIES  OF  CARBON  DIOXIDE 


SAT. 
TEMP. 
F 

ARS. 
PRESS. 
LR  PER 
SQ!K. 

VOLUME 

HEAT  CONTENT  AND  ENTROPT  TAKEN  FROM  —  40  F 

Heat  Content 

Entropy 

50  F  Superheat 

100  F  Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

Ht.  Ct. 

Entrop 

Ht.  Ct. 

Entropy 

0 

305.5 

0.01570 

0.29040 

18.8 

138,9 

0.0418 

0.3024 

153.7 

0.3342 

167.5 

0.3612 

2 

315.9 

0.01579 

0.28030 

19.8 

138.8 

0.0440 

0.3014 

153.7 

0.3330 

167.6 

0.3600 

4 

326.5 

0.01588 

0.27070 

20.8 

138.8 

0.0461 

0.3005 

153.7 

0.3318 

167.7 

0.3588 

5 

332.0 

0  01592 

0.26610 

21.3 

138.8 

0.0472 

0.3000 

153.7 

0.3312 

167.7 

0.3582 

6 

337.4 

0.01596 

0.26140 

21.8 

138.7 

0.0483 

0.2994 

153.7 

0.3306 

167.8 

0.3576 

8 

348.7 

0.01605 

0.25260 

22.9 

138.7 

0.0504 

0.2982 

153.7 

0.3293 

167.9 

0.3563 

10 

360.2 

0.01614 

0.24370 

24.0 

138.7 

0.0526 

0.2970 

153.7 

0.3281 

168.0 

0.3550 

12 

371.9 

0.01623 

0.23540 

25.0 

138.6 

0.0548 

0.2958 

153.7 

0.3270 

168.1 

0.3538 

14 

383.9 

0.01632 

0.22740 

26.1 

138.6 

0.0571 

0.2946 

153.7 

0.3259 

168.2 

0.3526 

16 

396.2 

0.01642 

0.21970 

27.2 

138.5 

0.0593 

0.2933 

153.7 

0.3249 

168.3 

0.3513 

18 

408.9 

0.01652 

0.21210 

28.3 

138.4 

0.0616 

0.2921 

153.7 

0.3238 

168.5 

0.3501 

20 

421.8 

0.01663 

0.20490 

29.4 

138.3 

0.0638 

0.2909 

153.7 

0.3227 

168.6 

0.3489 

22 

4340 

0.01673 

0.19790 

30.5 

138.2 

0.0662 

0.2897 

153.7 

0.3214 

168.7 

0.3479 

24 

448.4 

0.01684 

0.19120 

31.7 

138.1 

0.0686 

0.2885 

153.7 

0.3202 

168.8 

0.3470 

26 

462.2 

0.01695 

0.18460 

32.9 

138.0 

0.0710 

0.2873 

153.7 

0.3189 

168.9 

0.3460 

28 

476.3 

0.01707 

0.17830 

34.1 

137.9 

0.0734 

0.2861 

153.7 

0.3177 

169.0 

0.3451 

30 

490.8 

001719 

0.17220 

35.4 

137.8 

0.0758 

0.2849 

153.7 

0.3164 

169.1 

0.3441 

32 

505.5 

0.01731 

0.16630 

36.7 

137.7 

0.0781 

0.2834 

153.7 

0.3158 

169.2 

0.3431 

34 

522.6 

0.01744 

0.16030 

37.9 

137.4 

0.0804 

0.2820 

153.7 

0.3151 

169.3 

0.3421 

36 

536.0 

0.01759 

0.15500 

39.1 

137.2 

0,0828 

0.2805 

153.7 

0.3145 

169.4 

0.3411 

38 

551.7 

0.01773 

0.14960 

40.4 

136.9 

0.0851 

0.2791 

153.7 

0.3138 

169.5 

0.3401 

39 

559.7 

0.01780 

0.14700 

41.0 

136.8 

0.0862 

0.2783 

153.7 

0.3135 

169.5 

0.3396 

40 

567.8 

0.01787 

0.14440 

41.7 

136.7 

0.0874 

0.2776 

153.7 

0.3132 

169.6 

0.3391 

41 

576.0 

0.01794 

0.14185 

42.3 

136.5 

0.0887 

0.2768 

153.7 

0.3127 

169.6 

0.3386 

42 

584.3 

0.01801 

0.13930 

42.9 

136.3 

0.0899 

0.2761 

153.7 

0.3122 

169.7 

0.3381 

44 

601.1 

0.01817 

0.13440 

44.3 

136.1 

0.0924 

0.2745 

153.7 

0.3112 

169.8 

0.3371 

46 

618.2 

O.OJ834 

0.12970 

45.6 

135.7 

0.0950 

0.2730 

153.7 

0.3101 

169.9 

0.3362 

48 

635.7 

0.01851 

0.12500 

47.0 

135,4 

0.0975 

0.2714 

153.7 

0.3091 

170.0 

0.3352 

50 

653.6 

0.01868 

0.12050 

48.4 

135.0 

0.1000 

0.2699 

153.7 

0.3081 

170.1 

0.3342 

52 

671.9 

0.01887 

0.11610 

49.8 

134.5 

0.1027 

0.2681 

153.7 

0.3069 

170.2 

0.3333 

54 

690.6 

0.01906 

0.11170 

51.2 

133.9 

0.1054 

0.2663 

153.7 

0.3057 

170.3 

0.3324 

56 

709.5 

0.01927 

0.10750 

52.6 

133.4 

0.1081 

0.2644 

153J 

0.3046 

170.5 

0.3315 

58 

728.8 

0.01948 

0.10340 

54.0 

132.7 

0.1108 

0.2626 

153.7 

0.3034 

170.6 

0.3306 

60 

748.6 

0.01970 

0.09940 

55.5 

132.1 

0.1135 

0.2608 

153.7 

0.3022 

170.7 

0.3297 

62 

769.0 

0.01995 

0.09545 

57.0 

131.3 

0.1164 

0.2584 

153.7 

0.3012 

170.8 

0.3289 

64 

789.4 

0.02020 

0.09180 

58.6 

130.6 

0.1194 

0.2560 

153.7 

0.3002 

170.9 

0.3281 

66 

810.3 

0.02048 

0.08800 

60.2 

129.7 

0.1223 

0.2535 

153.7 

0.2991 

171.0 

0.3273 

68 

831.6 

0.02079 

0.08422 

61.9 

128.7 

0.1253 

0.2511 

153.7 

0.2981 

171.1 

0.3265 

70 

853.4 

0.02112 

0.08040 

63.7 

127.5 

0.1282 

0.2487 

153.7 

0.2971 

171.2 

0.3257 

72 

875.8 

0.02152 

0.07654 

65.5 

126.0 

0.1321 

0.2450 

153.7 

0.2962 

171.3 

0.3250 

74 

898.2 

0.02192 

0.07269 

67.3 

124.5 

0.1360 

0.2414 

153.7 

0.2953 

171.4 

03242 

76 

921.3 

0.02242 

0.06875 

69.4 

122.8 

0.1398 

0.2377 

153.7 

0.2945 

171.5 

0.3235 

78 

944.8 

0.02300 

0.06473 

71.6 

120.9 

0.1437 

0.2341 

153.7 

0.2936 

171.6 

0.3227 

80 

968.7 

0.02370 

0.06064 

73.9 

118.7 

0.1476 

0.2304 

153.7 

0.2927 

171.7 

0.3220 

82 

993.0 

0.02456 

0.05648 

76.4 

116.6 

0.1578 

0.2195 

153.7 

0.2920 

173.8 

0.3215 

84 

1017.7 

0.02553 

0.05223 

79.4 

113.9 

0.1679 

0.2087 

153.7 

0.2914 

176.0 

0.3209 

86 

1043.0 

0.02686 

0.04789 

83.3 

110.4 

0.1781 

0.1978 

153.7 

0.2907 

1782 

03204 

87.8 

1069.9 

0.03454 

0.03454 

97.0 

97.0 

0.1880 

0.1880 

153.7 

0.2901 

180.1 

0.3199 

Types  of  Compressors 

There  are  many  different  types  of  compressors,  using  various  refrig- 
erants. Each  type  has  its  advantages  for  its  particular  application, 
and  those  generally  used  for  air  conditioning  are  of  the  following  types: 

1.  Reciprocating  compressors  (commonly  referred  to  as  piston  type). 

2.  Centrifugal  compressors. 

3.  Steam  jet. 

Reciprocating  compressors  are  available  in  a  wide  range  of  sizes  and 
types.  Any  of  a  number  of  refrigerants,  including  dichlorodifluoromethane 
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(Fi2),  methyl  chloride,  ammonia,  carbon  dioxide,  and  sulphur  dioxide 
may  be  used  in  reciprocating  machines.  The  first  of  these  is  used  exten- 
sively in  direct  expansion  systems  of  comfort  air  conditioning. 

Compressors  may  be  classified  into  two  general  types,  (a)  open  type, 
(&)  enclosed  type.  If  the  driving  mechanism  is  external  to  the  compressor, 
then  the  shaft  must  be  brought  out  through  the  crankcase  and  a  shaft 
seal  or  stuffing  box  must  be  used  to  prevent  escape  of  the  refrigerant. 
This  type  of  compressor  is  known  as  an  open -type  compressor.  When 
the  driving  mechanism  is  located  within  the  crankcase  of  the  compressor 
in  such  a  way  as  to  avoid  the  necessity  of  a  shaft  seal,  the  compressor  is 
known  as  the  completely  enclosed  or  hermetically  sealed  type. 

Open  type  compressors  may  be  further  classified  as  belt  driven  and 
directly  connected.  A  great  number  of  direct-driven  units  are  now  being 
used  which  generally  operate  at  higher  rotational  speeds  than  the  belt- 
driven  type. 

The  present  tendency  is  toward  forced  lubrication  of  the  bearings  of 
compressors  by  means  of  an  oil  pump  driven  from  the  crankshaft,  although 
there  are  many  splash  lubricated  compressors  on  the  market.  The  chief 
advantages  of  the  forced  lubricated  compressor  are  that  the  lubrication 
system  requires  less  energy  for  its  operation  than  the  splash  type,  the  oil 
can  be  easily  filtered  before  it  enters  the  bearings,  and  less  oil  is  usually 
required. 

The  compressor  capacity  must  be  selected  for  and  matched  to  the 
maximum  load  for  the  installation  on  which  it  is  to  be  used.  Air-con- 
ditioning loads,  however,  vary  over  a  wide  range,  and  a  wide  fluctuation 
in  air  conditions  may  result  during  periods  of  light  load  if  on-and-off 
control  of  full  compressor  capacity  is  used.  To  prevent  such  undesirable 
fluctuation,  several  methods  are  employed  to  vary  the  capacity  of 
reciprocating  compressors,  such  as: 

1.  By-passing  one  or  more  cylinders,  of  a  multicylinder  compressor,  from  discharge 
to  suction. 

2.  Rendering  the  suction  valves  of  one  or  more  cylinders  of  a  multicylinder  compressor 
inoperative.    This  is  usually  accomplished  by  depressing  the  suction  valves. 

3.  Varying  the  speed  of  the  compressor,  usually  by  using  variable  speed  or  two-speed 
electric  motors. 

4.  Using  clearance  pockets  to  control  the  quantity  of  refrigerant  pumped. 

5.  Restricting  the  suction  inlet  to  one  or  more  of  the  cylinders  of  a  multicylinder 
compressor  either  by  an  automatic  modulating  valve  or  by  an  on  and  off  valve. 

All  of  these  methods,  with  the  exception  of  variable  speed,  result 
in  a  slightly  lowered  overall  compressor  efficiency  when  in  use,  since  the 
mechanical  losses  remain  constant  whereas  the  quantity  of  refrigerant 
pumped  is  lowered. 

Centrifugal  compressors  are  used  with  very  low  pressure  refrigerants; 
usually  both  evaporator  and  condenser  work  below  atmospheric  pressure. 
Water  and  monofluorotrichloromethane  (Fu)  are  the  refrigerants  com- 
monly used  in  centrifugal  machines. 

Compression  of  the  refrigerant  is  accomplished  by  means  of  centrifugal 
force;  therefore,  this  type  of  compressor  is  inherently  suitable  for  large 
volumes  of  refrigerant  at  low  pressure  differentials.  Two  or  more  stages 
are  usually  required  and  high  speeds  are  necessary  to  obtain  good  efficiency, 
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TABLE  5.    PROPERTIES  OF  MONOFLTJOROTRICHLOROMETHANE  (Fn) 


SAT. 
TEMP. 
F 

Ass. 
PRESS. 
LBPEB 
SQ!N. 

VOLUME 

HEAT  CONTENT  AND  ENTBOFT  TATEN  FROM  —40  F 

Heat  Content 

Entropy 

25  F  Superheat 

50  F  Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

HtCt. 

Entropy 

Ht  Ct. 

Entropy 

0 

2.59 

0.01020 

13.700 

7.81 

90.4 

0.0178 

0.1975 

93.9 

0.2049 

97.4 

0.2120 

5 

2.96 

0.01024 

12.100 

8.81 

91.2 

0.0200 

0.1974 

94.7 

0.2047 

98.2 

0.2117 

10 

3.38 

0.01028 

10.700 

9.82 

92.0 

0.0222 

0.1973 

95.5 

0.2045 

99.0 

0.2114 

IS 

3.85 

0.01032 

9.530 

10.80 

92.8 

0.0243 

0.1971 

96.3 

0.2043 

99.8 

0.2111 

20 

4.36 

0.01036 

8.490 

11.90 

93.7 

0.0264 

0.1970 

97.2 

0.2041 

100.7 

0.2109 

25 

4.94 

0.01040 

7.580 

12.90 

94.5 

0.0286 

0.1969 

98.0 

0.2039 

101.5 

0.2107 

30 

5.57 

0.01045 

6.770 

13.90 

95.3 

0.0307 

0.1969 

98.8 

0.2038 

102.3 

0.2105 

35 

6.27 

0.01049 

6.080 

14.90 

96.1 

0.0328 

0.1968 

99.6 

0.2037 

103.1 

0.2103 

40 

7.03 

0.01053 

5.460 

16.00 

96.8 

0.0349 

0.1968 

100.3 

0.2036 

103.8 

0.2101 

45 

7.88 

0.01057 

4.920 

17.00 

97.6 

0.0370 

0.1967 

101.1 

0.2035 

104.6 

0.2099 

50 

8.79 

0.01062 

4.440 

18.10 

98.4 

0.0391 

0.1967 

101.9 

0.2034 

105.4 

0.2098 

55 

9.80 

0.01066 

4.020 

19.10 

99.2 

0.0412 

0.1967 

102.7 

0.2033 

106.2 

0.2097 

60 

10.90 

0.01071 

3.640 

20.20 

100.0 

0.0432 

0.1967 

103.5 

0.2033 

107.0 

0.2096 

65 

12.10 

0.01076 

3,300 

21.30 

100.8 

0.0453 

0.1967 

104.3 

0.2032 

107.8 

0.2094 

70 

13.40 

0.01081 

3.000 

22.40 

101.5 

0.0473 

0.1967 

105.0 

0.2032 

108.5 

0.2093 

75 

14.80 

0.01086 

2.740 

23.50 

102.2 

0.0493 

0.1967 

105.7 

0.2031 

109.2 

0.2092 

80 

16.30 

0.01091 

2.500 

24.50 

102.9 

0.0513 

0.1966 

106.4 

0.2030 

109.9 

0.2090 

85 

17.90 

0.01096 

2.280 

25.60 

103.6 

0.0533 

0.1966 

107.1 

0.2029 

110.6 

0.2089 

90 

19.70 

0.01101 

2.090 

26.70 

104.4 

0.0553 

0.1966 

107.9 

0.2028 

111.4 

0.2088 

95 

21.60 

0.01106 

1.918 

27.80 

105.1 

0.0573 

0.1966 

108.6 

0.2028 

112.1 

0.2087 

100 

23.60 

0.01111 

1.761 

28.90 

105.7 

0.0593 

0.1965 

109.2 

0.2027 

112.7 

0.2085 

105 

25.90 

0.01116 

1.620 

30.10 

106.4 

0.0613 

0.1965 

109.9 

0.2026 

113.4 

0.2084 

TABLE  6.    PROPERTIES  OF  WATER 


SAT. 
TEMP. 

ABB. 
PRESS. 

LB  PER 
Sqlw. 

VOLUME 

HEAT  CONTENT  AMD  ENTROPY  TAKEN  FEOM  -(-32  F 

Heat  Content 

Entropy 

50  F  Superheat 

100  F  Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor 

HtCt 

Entropy 

HtCt. 

Entropy 

32 

0.0887 

0.01602 

3296.0 

0.00 

1073.0 

0.0000 

2.1826 

1096.9 

2.2277 

1120.8 

2.2688 

35 

0.1000 

0.01602 

2941.0 

3.02 

1074.4 

0.0062 

2.1724 

1098.3 

2.2172 

1122.2 

2.2581 

40 

0.1217 

0.01602 

2441.0 

8.05 

1076.8 

0.0163 

2.1555 

1100.6 

2.2000 

1124.5 

2.2406 

45 

0.1475 

0.01602 

2034.0 

13.07 

1079.2 

0.0262 

2.1390 

1102.9 

2.1832 

1126.7 

2.2234 

50 

0.1780 

0.01602 

1702.0 

18.08 

1081.5 

0.0361 

2.1230 

1105.2 

2.1667 

1129.0 

2.2066 

55 

0.2140 

0.01603 

1430.0 

23.08 

1083.9 

0.0459 

2.1073 

1107.5 

2.1506 

1131.3 

2.1902 

60 

0.2561 

0.01603 

1206.0 

28.08 

1086.2 

0.0556 

2.0920 

1109.8 

2.1349 

1133.5 

2.1742 

65 

0.3054 

0.01604 

1021.0 

33.08 

1088.6 

0.0652 

2.0771 

1112.2 

2.1196 

1135.8 

2.1585 

70 

0.3628 

0.01605 

868.0 

38.07 

1090.9 

0.0746 

2.0625 

1114.5 

2.1046 

1138.1 

2.1432 

75 

0.4295 

0.01606 

740.0 

43.06 

1093.2 

0.0840 

2.0483 

1116.7 

2.0900 

1140.3 

2.1283 

SO 

0.507 

0.01607 

632.9 

48.05 

1095.5 

0.0933 

2.0344 

1119.0 

2.0758 

1142.5 

2.1138 

85 

0.596 

0.01609 

543.3 

53.04 

1097.8 

0.1025 

2.0208 

1121.2 

2.0619 

1144.7 

2.0996 

90 

0.698 

0.01610 

467.9 

58.03 

1100.0 

0.1116 

2.0075 

1123.4 

2.0483 

1146.8 

2.0857 

95 

0.815 

0.01612 

404.2 

63.01 

1102.3 

0.1206 

1.9946 

1125.6 

2.0350 

1148.9 

2.0721 

100 

0.949 

0.01613 

350.3 

68.00 

1104.6 

0.1296 

1.9819 

1127.9 

2.0220 

1151.1 

2.0588 

105 

1.101 

0.01615 

304.4 

72.98 

1106:8 

0.1384 

1.9695 

1130.2 

2.0093 

1153.2 

2.0458 

For  properties  of  ateam  at  high  temperature*,  see  Table  8,  Chapter  1. 
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The  evaporator  is  usually  constructed  as  an  integral  part  of  the  centrif- 
ugal type^  condensing  unit,  to  chill  water  which  is  then  circulated  to  the 
air  conditioning  system.  This  is  done  because  it  would  not  be  economical 
to  pipe  these  large  volumes  of  refrigerant  any  distance. 

Centrifugal  compressors  like  reciprocating  compressors  can  be  divided 
into  two  general  types,  open  and  enclosed.  In  general,  the  open  type 
compressor  is  geared  to  the  driving  mechanism,  and  operates  at  higher 
speed  than  the  driving  motor  or  turbine.  A  modern  completely  enclosed 
direct-driven,  centrifugal  compressor  is  illustrated  in  Fig.  2. 

The  compressor  capacity  can  be  varied  by  controlling  the  condensing 
pressure.  This  is  accomplished  by  regulating  the  quantity  and  tem- 
perature of  the  condenser  cooling  water.  The  capacity  falls  off -with 
increasing  condensing  pressure.  Centrifugal  compressors  are  seldom 


2  nd.  stage  compressor 


Condenser 


m.  mercury  approsumaie  operaimg  vacuum 


23.5  m.  mercury  approximate  operating  vacuum 


1  st  stage  compressor  Chiller 

FIG.  2.   ENCLOSED  TYPE  CENTRIFUGAL  CONDENSING  UNIT 


built  for  less  than  50  tons  capacity,  since  it  is  not  practical  to  make 
impellers  which  pump  much  less  than  the  volume  of  refrigerant  required 
for  this  tonnage. 

The  steam  jet  type  of  compressor,  under  certain  circumstances,  is 
desirable  for  use  in  air  conditioning.  Steam  supplies  directly  the  power 
used  for  compressing  the  refrigerant,  thus  eliminating  the  losses  connected 
with  other  methods  of  supplying  energy.  As  the  compression  ratio 
between  the  evaporator  and  condenser  under  normal  circumstances  is 
large,  the  mechanical  efficiency  of  the  equipment  is  somewhat  lower  than 
that  of  the  positive  mechanical  type  compressor.  The  condensing  water 
requirements  are  considerably  greater,  as  both  the  refrigerant  and  the 
impelling  steam  must  be  condensed. 

The  steam  jet  system  functions  on  the  principle  that  water  under  high 
vacuum  will  vaporize  at  low  temperatures.  Steam  jet  boosters  or  com- 
pressors of  the  type  commonly  used  in  power  plants  for  various  processes 
will  produce  the  necessary  low  absolute  pressure  to  cause  evaporation 
of  the  water. 
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-  A  diagrammatic  representation  of  a  typical  steam  ejector  water  cooling 
system  is  shown  in  Fig.  3.  The  figures  correspond  to  an  average  repre- 
sentative system.  The  water  to  be  cooled  enters  the  evaporator  and  is 
cooled  to  a  temperature  corresponding  to  the  vacuum  maintained. 
Because  of  the  high  vacuum,  a  small  amount  of  the  water  introduced  in 
the  evaporator  is  flashed  into  steam.  As  this  requires  heat,  and  the  only 
source  of  heat  is  the  rest  of  the  water  in  the  evaporator  tank,  this  other 
water  is  almost  instantly  cooled  to  a  temperature  corresponding  to  the 
boiling  point  determined  by  the  vacuum  maintained.  The  amount  of( 
water  flashed  into  steam  is  a  small  percentage  of  the  total  water  circu- 
lated through  the  evaporator,  amounting  to  approximately  1 1  Ib  per  hour 
per  ton  of  refrigeration  developed.  The  remainder  of  the  water  at  the 


Running  nozzles 


Condenser  water 
outlet  98  F 


Second  stage  condenser 
Second  stage  eiector       \ 


Drain  to  main  condenser  /  First  stage  ejector 

First  stage  condenser 

FIG.  3.    DIAGRAMMATIC  ARRANGEMENT  OF  STEAM  JET  VACUUM  COOLING  UNIT 


Condenser  cooling 
water  30  F 


desired  low  temperature  is  pumped  out  of  the  evaporator  and  used  at  the 
point  where  it  is  required. 

The  ejector  compresses  the  vapor  which  has  been  flashed  in  the  evapor- 
ator, plus  any  entrained  air  taken  from  the  circulated  water,  to  a  some- 
what higher  absolute  pressure  and  the  vapor  and  air  mix  with  the  impel- 
ling steam  on  the  discharge  side  of  the  jet.  The  total  mixture  then  passes 
from  the  ejector  into  the  condenser. 

The  slight  amount  of  air  which  may  be  entrained  in  the  cooled  water 
is  removed  by  a  small  secondary  ejector  which  raises  the  pressure  suffi- 
ciently so  that  the  air  can  be  discharged  to  the  atmosphere.  A  secondary 
condenser  is  necessary  to  condense  the  steam  in  the  secondary  jet. 

Although  steam  jet  vacuum  cooling  units  have  been  built  for  as  small 
as  5  to  6  tons  capacity,  a  single  booster  of  smaller  than  15  tons  capacity  is 
difficult  to  build.  They  can  readily  be  built  for  steam  pressures  of  from 
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5  to  200  Ib  per  square  inch  and  condenser  water  temperatures  as  high  as 
90  F.  The  steam  consumption  in  pounds  per  hour  per  ton  of  refrigeration 
increases  rapidly  as  the  booster  steam  pressure  is  lowered.  For  example, 
the  lowering  of  the  booster  steam  pressure  from  200  to  90  Ib  per  square 
inch  results  in  an  increase  in  steam  consumption  of  approximately  5  per 
cent  whereas  a  further  decrease  in  booster  steam  pressure  to  10  Ib  per 
square  inch  increases  the  steam  consumption  by  approximately  72  per 
cent  over  that  required  at  200  Ib  per  square  inch. 

The  capacity  of  a  steam  jet  system  is  usually  controlled  by  controlling 
the  number  of  boosters  in  use  since  the  unit  usually  has  several  boosters 
operating  on  the  same  evaporator.  Usually  one  booster  is  automatically 


30  35  40  45  50  55 

EVAPORATOR  TEMPERATURE.  DEG  FAHR 

FIG.  4.    PERFORMANCE  CHARACTERISTICS  OF  COMPRESSION  REFRIGERATION 
MACHINES  AT  CONSTANT  SPEED 

controlled  whereas  the  others  are  manually  operated.  The  capacity  is 
dependent,  as  for  all  compressors,  upon  the  evaporator  temperature,  or 
in  other  words,  the  suction  pressure.  For  example,  the  capacity  is 
lowered  approximately  17  per  cent  if  the  evaporator  or  chilled  water 
temperature  is  lowered  from  50  to  45  F.  The  capacity  therefore  can  be 
controlled  to  some  extent  by  regulating  the  evaporator  temperature. 

CHARACTERISTICS  OF  COMPRESSION  SYSTEMS 

The  various  types  of  compression  systems  have  quite  different  charac- 
teristics of  capacity  and  power  with  varying  evaporator  and  condenser 
temperatures,  as  may  be  noted  from  curves  in  Figs.  4  and  5. 
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From  Fig.  5  it  may  be  observed  that  power  requirements  for  the  centri- 
fugal compressor  increase  much  more  rapidly  than  for  the  reciprocating 
compressor  with  increase  in  evaporator  temperature.  Similarly,  the 
capacities  of  the  steam  ejector  and  centrifugal  compressors  increase  more 
rapidly  than  those  of  the  reciprocating  compressor  with  increase  in  evapor- 
ator temperature.  Thus,  both  the  steam  jet  and  centrifugal  machines 
tend  to  be  more  self  -regulating  than  the  reciprocating.  It  is  also  evident 
from  Fig.  5  that  the  steam  jet  equipment  is  best  suited  for  operation  at 
high  evaporator  temperatures. 

The  effect  of  condenser  temperature  upon  the  power  and  capacity  of 
the  different  types  of  compressors  is  shown  in  Fig.  6.  It  may  be  noted 
that  the  power  required  by  the  reciprocating  compressor  increases  rapidly 
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FIG.  5.    PERFORMANCE  CHARACTERISTICS  OF  COMPRESSION  REFRIGERATION 
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with  increase  in  condenser  temperature,  while  the  power  curve  for  the 
centrifugal  compressor  is  relatively  flat.  It  is  also  evident  that  the 
capacity  of  the  steam  jet  compressor  is  independent  of  condenser  tem- 
perature until  a  certain  point  is  reached  where  it  drops  to  zero.  As 
previously  stated,  steam  jet  equipment  requires  more  condensing  water 
than  other  types  of  compression  systems.  Consequently,  steam  jet 
systems  are  well  suited  to  those  applications  where  condensing  water  is 
cheap,  or  where  condensing  water  is  rather  high  in  temperature. 

ABSORPTION  SYSTEMS 

The  fundamental  rule  governing  the  absorption  (in  a  closed  system)  of 
a  gas  by  a  liquid  is  Raoult's  Law,  which  states  that  at  any  given  tem- 
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perature  the  ratio  of  the  partial  pressure  of  a  volatile  component  in  a 
solution  to  the  vapor  pressure  of  the  pure  component  at  the  same  tem- 
perature is  equal  to  its  mol  fraction  in  the  solution.  The  mol  fraction  in 
turn  is  equal  to  the  number  of  mols  of  substance  divided  by  the  total 
number  of  jnols  present.  The  number  of  mols  in  a  given  weight  of  a 
compound  is  equal  to  the  weight  divided  by  the  molecular  weight. 

This  law  applies  strictly,  only  to  what  is  known  as  an  ideal  solution, 
that  is,  one  in  which  the  inter-molecular  forces  between  the  substances 
present  in  the  solution  are  equal.  Actually,  no  such  solutions  exist,  so 
that  deviations  from  Raoult's  Law  are  always  found  in  practice.  The 
deviation  is  called  positive  when  the  observed  pressure  is  greater  than 
that  calculated  from  Raoult's  Law,  while  the  term  negative  deviation 
refers  to  the  opposite  case.  Negative  deviations  are  found  wherever 
chemical  attraction  exists  between  the  solvent  and  the  solute.  Positive 
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FIG.  6.    CLOSED  ABSORPTION  SYSTEM 

deviation  occurs  when  there  is  a  difference  in  the  internal  pressure  of  the 
components,  chemical  attraction  between  them  being  absent. 

In  order  to  make  an  effective  absorption  machine,  large  negative 
deviations  from  Raoult's  Law  must  be  shown  by  solutions  of  the  refrig- 
erant in  the  liquid  absorbent,  because  the  larger  the  negative  deviation, 
the  greater  is  the  amount  of  refrigerant  that  can  be  cycled,  using  a  given 
weight  of  absorbent.  Cycling  a  large  amount  of  refrigerant  for  a  given 
weight  of  absorbent  is  important  because  of  the  heat  required  to  raise  the 
temperature  of  the  mixture  and  disassociate  the  refrigerant  and  the 
absorbent.  Only  the  latent  heat  of  the  refrigerant  can  be  recovered  for 
useful  work. 

Many  refrigerant-absorbent  combinations  have  been  proposed  and 
quite  a  number  have  been  tested.  A  diagrammatic  representation  of  a 
typical  closed  absorption  system  is  outlined  in  Fig.  6.  In  this  system  a 
mixture  of  refrigerant  and  absorbent  is  evaporated  in  the  generator, 
passes  to  an  analyzer  and  rectifier  where  it  is  purified,  and  then  to  a  con- 
denser where  the  refrigerant  and  remaining  absorbent  is  condensed.  It 
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then  passes  through  an  expansion  valve  to  an  evaporator,  where  heat  is 
absorbed  from  a  cooling  load.  From  the  evaporator  the  vapor  and  resi- 
dual absorbent  passes  to  an  absorber  where  it  meets  absorbent  which  is 
initially  low  (weak)  in  refrigerant  concentration.  The  absorbent  absorbs 
the  vapor  and  the  strong  absorbent  liquor  is  transferred  to  the  generator 
through  an  interchanger  with  the  weak  liquor  returning  from  the  generator. 

A  cooling  medium,  ordinarily  water,  is  used  in  the  absorber  to  remove 
the  heat  of  absorption  and  maintain  the  absorptive  power  of  the  absorber 
at  a  maximum. 

Like  the  steam  jet  system,  the  absorption  system  compares  most 
favorably  when  a  cheap  source  of  cooling  water  and  steam  or  other  heat 
is  available.  Unlike  the  steam  jet  system,  the  comparative  performance 
is  usually  best  with  a  wide  range  of  temperature  between  the  evaporator 
and  absorber,  since  with  a  good  refrigerant-absorbent  combination,  the 
amount  of  heat  and  water  required  for  a  given  refrigerating  effect  in- 
creases slowly  with  an  increase  of  evaporator-condenser  temperature 
range. 

At  the  present  time  the  most  used  refrigerant-absorbent  combinations 
are:  (1)  water  and  ammonia,  and  (2)  dichloromonofluoromethane  and 
dimethyl  ether  of  tetraethylene  glycol.  With  the  latter  combination  the 
boiling  points  of  the  refrigerant  and  absorbent  are  sufficiently  wide  apart 
that  almost  pure  refrigerant  is  obtained  without  the  use  of  a  rectifier. 

EXPANSION  VALVES 

The  thermostatic  expansion  valve  is  a  device  to  regulate  the  flow  of 
liquid  refrigerant  so  that  the  evaporator  will  always  be  used  to  best 
advantage.  The  evaporator  coil  must  be  kept  as  full  as  possible  without 
any  chance  of  liquid  refrigerant  entering  the  suction  line.  The  expansion 
valve  accomplishes  this  by  regulating  the  supply  of  refrigerant,  so  that 
the  temperature  of  the  gas  leaving  the  evaporator  is  always  slightly 
higher  than  the  temperature  of  the  boiling  refrigerant  inside  of  it.  This 
difference  in  temperature  between  the  outgoing  (suction)  gas  and  the 
liquid  refrigerant  in  the  evaporator  is  called  the  superheat  of  the  gas. 

The  operation  of  the  thermostatic  expansion  valve  can  best  be  ex- 
plained by  means  of  a  diagram,  Fig.  7.  A  small  refrigerant  charge  in  the 
control  bulb  exerts  a  pressure  through  the  tube  to  the  upper  side  of  the 
diaphragm,  which  tends  to  open  the  valve. 

The  magnitude  of  this  pressure  is  determined  by  the  temperature  of  the 
suction  gas  leaving  the  evaporator,  as  the  control  bulb  is  attached  to  the 
suction  line  at  this  point  and  is  at  approximately  the  same  temperature. 
The  suction  pressure  in  the  evaporator  is  transmitted  through  the  equal- 
izer tap  and  exerts  an  opposing  force  on  the  other  side  of  the  diaphragm 
in  the  direction  to  close  the  valve.  This  pressure  corresponds  to  the  tem- 
perature of  the  boiling  refrigerant.  The  resulting  force  on  the  diaphragm 
is  determined  by  the  differential  between  the  temperature  of  the  suction 
gas  and  the  boiling  point  of  the  refrigerant,  which  is  the  amount  of  super- 
heat in  the  gas.  If  this  temperature  differential  becomes  greater  (super- 
heatjncreases),  the  resultant  force  on  the  diaphragm  opens  the  valve  and 
admits  more  refrigerant.  The  reverse  is  true  if  the  superheat  decreases, 
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and  the  valve  partly  closes,  thus  admitting  less  refrigerant.  The  spring 
keeps  the  valve  closed  until  the  resultant  force  on  the  diaphragm  cor- 
responds to  the  desired  superheat.  The  adjustment  of  the  spring  will 
change  the  amount  of  superheat  to  be  maintained  in  the  suction  gas. 

The  selection  of  the  expansion  valve  is,  of  course,  determined  by  the 
capacity  of  the  valve.  The  capacity  of  a  valve  with  a  given  orifice  is 
determined  by  the  refrigerant  used,  the  differential  of  pressure  across  the 
valve  and  the  amount  the  liquid  is  sub-cooled  as  it  enters  the  valve.  The 
expansion  valves  are  usually  rated  at  zero  sub-cooling  of  the  liquid,  or 
100  per  cent  liquid.  Oftentimes  special  devices  are  used  to  properly 
distribute  the  refrigerant  among  the  parallel  paths  of  the  evaporator. 
These  distributing  devices  usually  have  considerable  pressure  drop. 
Where  they  are  used,  the  pressure  drop  across  the  expansion  valve  is  not 
the  difference  between  suction  and  discharge  pressures,  as  allowance  must 
be  made  for  the  pressure  drop  across  the  distributing  device.  An  equal- 
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FIG.  7.    TYPICAL  THERMOSTATIC  EXPANSION  VALVE 


izer  connection  from  the  evaporator  suction  line  must  be  made  to  the 
underside  of  the  diaphragm  (see  Fig.  7)  whenever  the  valve  outlet  is  not 
at  the  evaporator  pressure  so  as  to  insure  suction  pressure  at  this  point. 
When  distributing  devices  are  used,  this  equalizer  connection  is  essential 
for  proper  operation  of  the  valve.  Another  pressure  drop  allowance  must 
be  made  for  the  liquid  line,  particularly  when  the  liquid  line  has  an 
appreciable  vertical  rise. 

CONDENSERS 

Condensers  used  for  liquifying  the  refrigerant  are  of  three  general 
designs:  (1)  air,  (2)  water,  and  (3)  evaporative  (combination  air  and 
water). 

Air  Cooled 

Air  cooled  condensers  are  seldom  used  for  capacities  above  3  tons  of 
refrigeration,  unless  an  adequate  water  supply  is  extremely  difficult  to 
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obtain,  as,  for  instance,  in  railway  air  conditioning.  Even  on  fractional 
tonnage  installations,  air  is  used  "as  the  condensing  medium  only  where 
water  is  expensive  or  where  simplicity  of  installation  warrants  the  higher 
condensing  pressure,  and  consequent  higher  power  costs  than  would  be 
obtained  using  water  as  the  condensing  medium. 

The  conventional  air  cooled  condenser  consists  of  an  extended  surface 
coil  across  which  air  is  blown  by  a  fan.  The  hot  discharge  gas  enters  the 
coil  at  the  top  and,  as  it  is  condensed,  flows  to  a  receiver  located  below  the 
condenser.  Air  cooled  condensers  should  always  be  located  in  a  well 
ventilated  space  so  that  the  heated  air  may  escape  and  be  replaced  by 
cooled  air. 

The  principal  disadvantages  of  air  cooled  condensers  are  the  power 
required  to  move  the  air  and  the  reduction  of  capacity  on  hot  days.  This 
loss  of  capacity  due  to  high  condensing  pressures  on  hot  days  requires 
that  equipment  of  increased  capacity  be  selected  to  meet  the  peak  load. 
Thus  at  normal  loads  the  equipment  is  oversized. 

Water  Cooled 

Water  cooled  condensers  are  of  the  double  pipe  type,  the  shell  and  tube 
type,  or  the  shell  and  coil  type.  Double  pipe  condensers  are  arranged  so 
that  water  passes  through  the  inner  of  two  concentric  pipes  and  refrig- 
erant circulates  through  the  annular  space  between  the  pipes.  Where 
possible,  there  should  be  counter-flow  of  the  refrigerant  and  the  con- 
densing water  to  obtain  maximum  temperature  differences.  This  type 
is  usually  used  only  with  small  condensing  units. 

The  amount  and  temperature  of  the  condensing  water  determine  the 
condensing  temperature  and  pressure,  and  indirectly  the  power  required 
for  compression.  It  is  therefore  necessary  to  determine  a  balance  so  that 
the  quantity  of  water  insures  economical  compressor  operation. 

Because  there  is  a  decided  tendency  to  conserve  the  water  in  city  mains 
and  because  most  large  cities  are  restricting  the  use  of  water  for  air  con- 
ditioning and  refrigeration  equipment,  it  is  often  necessary  to  install 
cooling  towers  or  evaporative  condensers.  Cooling  towers,  unfortunately, 
produce  the  warmest  condensing  water  at  the  time  when  the  load  on  the 
system  is  greatest,  so  that  the  refrigeration  equipment  must  be  designed 
to  meet  the  maximum  load  at  abnormal  condensing  water  temperatures. 
If  properly  designed,  this  makes  little  difference  in  the  efficiency  of 
operation  throughout  the  year  except  at  those  times  when  the  condensing 
water  temperature  is  highest.  As  this  occurs  only  for  5  per  cent  of  the 
entire  cooling  period  it  can  be  disregarded  as  a  factor  in  establishing 
yearly  operating  costs. 

The  cooling  tower  has  a  certain  advantage  over  the  use  of  water  from 
the  city  mains.  Economies  are  possible  when  a  cooling  tower  is  used, 
which  cannot  be  achieved  by  the  use  of  condensing  water  from  city  mains. 
In  certain  localities,  the  lowest  city  water  temperature  met  during  the 
summer  months  is  from  65  to  70  F."  This  temperature  range  takes  place 
for  the  entire  cooling  period,  regardless  of  the  outdoor  temperature. 
With  a  cooling  tower*  the  temperature  of  the  condensing  water  may  rise 
to  80  or  85  F  under  maximum  'Conditions,  but  under  less  than  maximum 
conditions  the  temperature  of  the  water  leaving  the  cooling  tower  drops 
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considerably.  It  has  been  established  that  in  these  localities  during 
50  per  cent  of  the  time,  the  outdoor  wet-bulb  temperature  varies  from 
60  to  70  F  and  the  cooling  tower  water,  for  the  same  periods,  varies  from 
65  to  75  F.  When  the  outdoor  wet-bulb  temperature  drops  below  60  F, 
which  occurs  approximately  30  per  cent  of  the  time,  the  condensing  water 
temperature  is  still  lower.  The  cost  of  water  used  for  condensing  is  small 
as  the  only  water  required  is  that  used  to  make  up  the  loss  by  evaporation 
in  the  cooling  tower  itself.  Refer  to  the  section  on  cooling  towers  in 
Chapter  26. 
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FIG.  8.    SCHEMATIC  VIEW  OF  AN  EVAPORATIVE  CONDENSER 

Shell  and  coil  condensers  are  in  general  use  for  medium  sized  condensing 
units,  and  consist  of  a  coil  of  tubing  mounted  inside  a  shell.  The  cooling 
water  passes  through  the  coil. 

Evaporative  Condensers 

Due  to  the  high  cost  of  city  water  for  condenser  purposes,  and  due  to 
ordinances  in  some  localities  prohibiting  the  discharge  of  large  quantities 
of  such  water  into  the  sewage  systems,  there  has  been  developed  a  con- 
denser which  uses  a  minimum  amount  of  water  on  a  finned  surface,  cooling 
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it  to  approximately  the  wet-bulb  temperature  of  the  surrounding  atmos- 
phere. 

The  end  view  of  a  typical  evaporative  condenser  is  shown  in  Fig.  8. 
The  fan  draws  the  air  over  a  finned  tube  condenser  which  is  kept  wet  by 
a  water  spray.  The  discharge  refrigerant  gas  from  the  compressor  enters 
the  top  of  the  condenser  coil  and  the  liquid  refrigerant  is  drained  from  the 
bottom  of  the  coil  into  a  liquid  receiver  and  then  circulates  through  the 
remaining  portion  of  the  system  in  the  usual  way. 

The  water  is  circulated  through  the  spray  nozzles  and  the  level  is 
maintained  in  the  sump  by  means  of  a  float  valve.  The  eliminator  plates 
are  placed  in  the  path  of  the  water-air  mixture  so  as  to  remove  the 
entrained  water.  The  air  leaving  the  unit  is  almost  completely  saturated, 
so  that  care  must  be  taken  in  locating  discharge  ducts  to  prevent  con- 
densation. 

Evaporative  condensers  are  available  in  sizes  up  to  100  tons  or  more. 
These  units  use  only  a  small  portion  of  the  water  required  for  a  water 
cooled  condenser.  The  water  is  vaporized  by  the  heat  of  the  refrigerant 
so  that  each  pound  of  water  used  extracts  approximately  1000  Btu  from 
the  refrigerant,  whereas,  under  standard  rating  conditions  where  the 
water  temperature  rise  is  20  F,  each  pound  of  water  extracts  only  20  Btu 
from  the  refrigerant.  Including  the  water  lost  by  entrainment  in  the 
discharge  air,  by  overflow  and  stand-by  evaporation,  the  water  used  is 
about  3  to  5  per  cent  of  the  amount  that  would  be  required  for  a  water 
cooled  condenser. 

The  evaporative  condenser  requires  more  maintenance,  occupies  greater 
space  (must  be  located  where  air  is  available),  and  has  a  higher  first  cost 
than  the  water  cooled  condenser,  but  where  the  use  of  water  is  restricted 
or  expensive,  the  evaporative  condenser  has  become  widely  accepted. 
Compared  with  a  water  cooled  condenser  and  cooling  tower,  which  com- 
bination uses  about  the  same  quantity  of  water,  the  evaporative  con- 
denser has  the  advantage  of  lower  cost  and  smaller  space  requirements. 

EVAPORATORS  AND  COOLERS 

The  types  of  coolers  used  in  connection  with  air  conditioning  work  fall 
into  three  general  groups.  The  first,  is  the  direct  cooling  of  water;  the 
seomd,  direct  cooling  of  air;  and  the  third,  cooling  of  brine  for  circulation 
in  a  closed  system,  which  can  cool  either  water  or  air.  One  method  of  the 
direct  cooling  of  water  is  to  install  direct  expansion  coils  in  the  spray 
chamber  so  that  the  water  sprayed  into  the  air  comes  in  direct  contact 
with  the  cooling  coils.  Another  common  and  efficient  method  of  cooling 
spray  water  is  to  use  a  JBaudelot  type  of  heat  absorber  where  the  water 
lows  over  direct  expansion  coils  at  a  rate  sufficiently  high  to  give  efficient 
beat  transfer  from  water  to  refrigerant. 

Another  type  of ^spray  water  cooler  is  the  shell  and  tube  heat  exchanger 
in  which  the  refrigerant  is  expanded  into  a  shell  enclosing  the  tubes 
through  which  the  water  flows.  The  velocity  of  the  water  in  the  tubes 
affects  the  rate  of  heat  transfer,  and  as  the  refrigerant  is  in  the  shell  com- 
pletely surrounding  the  tubes  at  all  times,  good  contact  and  a  high  rate  of 
teat  transfer  are  insured.  The  disadvantage  of  such  a  system  is  that  with 
the  falling  off  of  load  on  the  compressor  the  suction  temperature  or  the 
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temperature  In  the  evaporator  drops  and  there  is  a  possibility  of  freezing 
the  water  in  the  tubes,  which,  of  course,  might  split  the  tubes  and  allow 
the  refrigerant  to  escape  into  the  water  passage.  This  danger  can  be 
eliminated  by  automatic  safety  devices. 

Another  system  of  cooling  spray  water  is  to  submerge  coils  in  the  spray 
collecting  tank,  or  in  a  separate  tank  used  for  storage.  The  heat  trans- 
mission through  the  walls  of  the  coils,  however,  is  low  and  a  great  deal 
more  surface  is  required  than  for  any  other  type  of  cooler.  However,  with 
large  storage  tanks  this  type  of  cooling  can  be  utilized  to  advantage. 

When  direct  cooling  of  air  is  employed,  the  refrigerant  is  inside  the  coil 
and  the  air  passes  over  it.  Cooling  depends  upon  convection  and  con- 
duction for  removing  the  heat  from  the  air.  The  type  of  coil  used  can  be 
either  smooth  or  finned,  the  finned  coil  being  more  economical  in  space 
requirement  than  the  smooth  coil.  The  fins,  however,  must  be  far  enough 
apart  so  as  not  to  retain  the  moisture  which  condenses  out  of  the  air. 

The  indirect  cooler,  where  brine  is  cooled  by  the  refrigerant  and  the 
resulting  cold  brine  is  used  to  cool  either  air  or  water,  introduces  several 
other  considerations.  It  is  not  the  most  economical  from  a  power  con- 
sumption standpoint,  as  it  is  necessary  to  cool  the  brine  to  a  temperature 
sufficiently  low  so  that  there  is  an  appreciable  difference  between  the 
average  brine  temperature  and  that  of  the  substance  being  cooled.  This 
requires  that  the  temperature  of  the  refrigerant  must  be  still  lower,  and 
consequently  the  amount  of  power  required  to  produce  a  given  amount  of 
refrigeration  increases  due  to  the  higher  compression  ratio.  There  are 
other  considerations  which  make  such  a  system  desirable.  In  the  first 
place,  where  a  toxic  refrigerant  is  undesirable  or  cannot  be  used  because 
of  fire  or  other  risks,  especially  in  densely  populated  areas,  the  brine 
can  be  cooled  in  an  isolated  room  or  building  and  can  then  be  circulated 
through  the  air  conditioning  equipment.  This  arrangement  eliminates 
any  possibility  of  direct  contact  between  the  air  and  refrigerant. 

REFRIGERANT  PIPE  SIZES 

The  selection  of  proper  pipe  sizes  and  frictional  pressure  losses  varies 
with  the  installation  and  the  capacity  of  the  system.  Generally  the 
suction  piping  should  be  selected  so  that  the  pressure  loss  is  between  2 
and  3  Ib  per  square  inch.  The  pressure  drop  in  liquid  lines  should  be 
maintained  so  as  to  permit  no  vaporization  in  the  pipes  with  limiting 
pressure  drops  not  to  exceed  5  Ib  per  square  inch.  Hot  or  discharge  gas 
lines  should  be  limited  to  approximately  4  Ib  per  square  inch  pressure 
drop.  All  pressure  drops  mentioned  are  total  system  losses  and  include 
not  only  the  piping  losses,  but  also  the  pressure  losses  in  the  valves,  fittings 
and  coils. 

Pressure  drops  for  discharge  or  hot  gas  lines  may  be  determined  from 
Table  7.  Pressure  losses  in  liquid  refrigerant  lines  of  various  sizes  and 
capacities  are  given  in  Table  8.  Pressure  drops  of  suction  refrigerant  pipe 
lines  at  varying  capacities  and  refrigerant  temperatures  are  given  in 
Table  9.  Oil  circulating  with  the  refrigerant  appreciably  increases  the 
pressure  losses  in  both  suction  and  discharge  lines  from  that  given  in  these 
tables.  All  tables  are  for  100  ft  of  pipe,  including  an  average  number  of 
fittings,  and  for  other  lengths  the  losses  are  proportionate.  Losses  through 
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TABLE  7. 


PRESSURE  LOSSES  IN  DICHLORODIFLUOROM ETHANE  DISCHARGE 
OR  HOT  GAS  LiNESa 


CJLP&CTTT 
RTT  rn  Hout 


PBMBCII  J>EOP  n»  PQUKDS  mn  SQUARE  INCH  PER  100  FT* 


SBBB,  INC 


M 

J|Z 

M 

W 

!    IK 

IN 

2H 

j     2H 

3K 

M 

10,000 
15,000 
20,000 

2.3 
4.9 

8.5 

1.0 

2.0 
3.4 

0.6 
1.0 
1.7 

0.6 

1 

) 

\ 

25,000 
30,000 

40,000 

5.3 

7.5 

2.6 
3.6 

6.4 

0.9 

1.2 
2.1 

0.5 
0.7 

\ 

50,000 
60,000 

70,000' 

9.8 

3.1 
4.4 
6.0 

1.0 
1.3 
1.9 

0.5 
0.7 
0.9 

80,000 

90,000 
100,000 

8.0 
10.2 

2.5 
3.1 
3.8 

1.1 

1.4 
1.7 

0.5 

125,000 

150,000 
175,00) 

6.0 
8.5 
11.6 

2.6 
3.8 
5.1 

0.7 
1.0 
1.3 

200,000 
250,000 
300,000 

6.7 
10.4 

1.7 
2.6 
3.7 

0.6 
0.9 
1.2 

0.5 

400,  000 
503,000 
600,  000 

6.7 
10.5 

2.2 
3.5 
5.0 

0.9 
1.5 
2.1 

0.7 
1.0 

800,000 
1,000,000 
1.250,000 

i 

1 

9.0 

3.8 
5.8 
9.5 

1.8 
2.9 
4.4 

1,500,000      ! 
2,000,000      | 

• 

i 

i 
i 

i 

6.4 
11.3 

laf'aiiealcd  cc?>Per  tabiag  «p  to  and  including  %  in.  outside  diameter.    Hard  copper  pipe  H  in. 

utunctiCT  KOQ  larger. 

HLcocth  of  tubing  iudwics  the  average  number  of  fittings. 

contraband  regulating  valves  must  be  added  to  the  other  pipe  losses  to 

determine  the  total  drop.   AH  copper  pipe  referred  to  in  these  tables  are 
of  type  L  wall  thickness  and  are  designated  by  outside  diameter. 

The  effect  of  the  sizes  of  refrigerant  lines  on  the  system  may  be  studied 
by  referring  to  the  preceding  discussion  on  Characteristics  of  Compression 
Systems.  It  will  be  noted  that  any  lowering  of  the  suction  pressure  at  the 
compressor  lowers  the  capacity.  Therefore,  excessive  pressure  drop 
through  the  suction  piping  should  be  avoided.  On  the  other  hand,  the 
suction  line  must  not  be  made  too  large  when  using  refrigerants  which  are 
soluble  in  oil,  because  under  such  circumstances  the  velocity  of  the  re- 
tuniing  refrigerant  may  become  too  low  to  carry  back  the  entrained  oil 
Pmwiire  drop  in  the  discharge  line  also  lowers  the  capacity  of  the  system 
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TABLE  8.    PRESSURE  LOSSES  IN  DICHLORODIFLUOROMETHANE 

LIQUID  REFRIGERANT  LINES 


PRBSSTJEI  DEOP  nc  Pouim  FIB  &QUAEB  Inca  PER  100  Fr» 

CAPACTTT 
Brc  FEB  HOUB 

POT  SIZES,  IXCEBS 

7A 

IK             ! 

m         |         i*» 

100,000 

0.6            i 

125,000 

0.9 

150,000 

1.3            i 

175,000 

i.s         ;                                           i 

200,000 

2.3                       0.6 

225,000 

2.9 

0.8 

250,000 

3.6 

1.0 

275,000 

4.3 

1.2 

300,000 

5.1 

1.4 

325,000 

5.9 

1.6 

i 

350,000 

6.9 

1.8 

375,000 

7.9 

2.1 

400,000 

9.0 

2.3 

0.8 

450,000 

2.9 

1.0 

500,000 

3.5 

1.3 

550,000 

4.3 

1.5 

0.7 

600,000 

5.0 

1.8 

0.8 

700,000 

6.7 

2.4 

-1.1 

800,000 

8.7 

3.1 

1.4 

900,000 

3.9 

1.7 

1,000,000 

4.7 

2.1 

1,200,000 

6.7 

3.0 

1,400,000 

9.0 

4.0 

1,600,000 

5.1 

1,800,000 

6.3 

2,000,000 

7.9 

2,200,000 

! 

9.2 

*Leagth  of  tubing  includes  the  average  number  of  fittings. 

but  not  to  the  same  extent  as  does  the  pressure  drop  In  the  suction  line. 
The  velocities  of  the  refrigerant  in  either  suction  or  discharge  lines  must 
not  be  excessive  or  noise  will  result.  Velocities  of  1000  to  2000  fpm  are 
common  in  suction  lines,  and  from  2000  to  3500  fpm  are  used  in  discharge 
lines.  Velocities  in  the  discharge  lines  as  high  as  5000  fpm  can  only  be 
used  where  the  fittings  and  bends  are  all  stream-lined  as  noise  will  other- 
wise result. 

The  pressure  drop  in  the  liquid  line  affects  the  capacity  of  the  expansion 
valve  as  the  pressure  drop  across  the  valve  is  reduced  by  the  amount  of 
the  pipe  line  drop.  If  the  liquid  line  drop  is  sufficient  to  cause  flashing 
(i.e.  vaporizing)  of  some  of  the  liquid  refrigerant,  a  hissing  noise  in  the 
lines  and  valves  usually  develops. 
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TABLE  9. 


PRESSURE  LOSSES  IN  DICHLORODIFLUOROMETHANE 
SUCTION  REFRIGERANT  LINES 


PEBBSUBI  DEOP  IN  Pomros  PEB  SQUAEB  INCH  PER  100  FT* 


L  OFFER  .riPS 
AfTVlL  O.D. 

INCHES 

CAPACITY 

ETC  FKR  Horn 

EtEFRIGBRAN 

T  TEMPERS 

-UBS  DBG  I 

t 

-10 

0 

10 

20 

30 

40 

50 

2,000 

4,000 
6,000 

0.3 
1.3 

2.8 

0.3 
1.0 

2.2 

0,2 
0.8 
1.8 

0.2 
0.7 
1.5 

0.2 
0.6 
1.2 

0.1 
0.5 
1.0 

0.1 
0.4 
0.9 

?4 

8,000 
10,000 
12,000 

4.8 
7.4 
10.5 

3.8 
5,8 
8.4 

3.1 
4.8 
6.8 

2.6 
3.9 
5.6 

2.1 
3.3 

4.7 

1.8 
2.8 
4.0 

1.5 
2.3 
3.3 

14,000 
16,000 

18,000 

14.0 

11.0 
14.5 

9.1 
12.0 
15.0 

7.6 
9.8 
12.3 

6.4 
8.3 
10.4 

5.4 
7.0 
8.7 

4.5 
5.8 
7.2 

20,000 

15.0 

12.7 

10.7 

8.9 

7,000 
10,000 

15,000 

0.4 
1.0 
1.9 

0.3 
0.7 
1.5 

0.3 
0.5 
1.2 

0.2 
0.5 
1.0 

0.2 
0.4 
0.8 

0.2 
0.3 
0.7 

0.1 
0.3 
0.6 

Us 

20,000 
25,000 
35,000 

3.3 
5.0 
9.7 

2.6 
4.0 

7.7 

2.1 
3.2 
6.2 

1.7 
2.7 
5,1 

1.4 
2.2 
4.3 

1.2 
1.9 
3.6 

1.0 
1.6 
3.0 

45,000 
60fOOO 
70,000 

15.8 

12.6 

10.0 

8.4 
14.8 

7.0 
12.2 

5.9 
10.2 
14.0 

4.9 
8.6 
11.7 

10,000 
15,000 
20,000 

0.3 
0.7 
1.2 

0.2 
0.5 
0.9 

0,2 
0.4 
0.7 

0.2 
0.3 
0.6 

0.1 
0.3 
0.5    : 

0.1 
0.2 
0.4 

0.1 
0.2 
0.4 

iH 

30,000 
40,000 
50,000 

2.6    i 
4.6 
7.0    | 

2.1 
3.6 
5.5 

1.6 
2.8 

4.4 

1.3 
2.3 
3.5 

1.1 
1.9 
2.9 

0.9 
1.6 

2.5 

0.8 
1.4 
2.1 

60,000 
80,000 
100,000 

10.0 

7.8 
14.0 

6.2 
11.0 

5.0 
8.7 
13.5 

4.2 
7.3 
11.3 

3.5 
6.2 
9.5 

3,0 
5.2 
8.2 

30tOOO 
40,000 
50,000 

1.6 

2.7 
4.2 

1.3 
2.1 
3.2 

1.0 
1.7 
2.5 

0.8 

1.4 
2.1 

0.7 
1.1 
1.7 

0.6 
0.9 

1.4 

0.5 
0.8 

1.2 

«« 

60,000 
70,000 
SGt000 

6.1 

8.7 

4.5 
6.3 
8.4 

3.6 
4.8 
6.3 

2.9 
3.8 
4.9 

2.4 
3.1 
4.0 

2.0 
2.6 
3.3 

1.7 
2.2 
2.8 

90f£XH3 
100,000 
120,000 

8.0 
10.0 

6.2 
7.6 

4.9 

6.1 
8.6 

4.1 
5.0 
7.0 

3.5 
4.2 
5.9 

140,000 

9.5 

7.9 

•Lwfth  of  tubing  iadwiw  the  average  number  of  fittings. 
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TABLE  9.    PRESSURE  LOSSES  IN  DICHLORODIFLUOROM  ETHANE 
SUCTION  REFRIGERANT  LINES  (CONTINUED) 


COPPER  FIFE 
ACTUAL  O.D. 

INCHES 

PBESSCSB  DEOP  DT  Poraras  PBB  SanABB  IKCH  ma  100  FT» 

CAPACITY 
BTT  PER  HOUR 

REFRIGEEANT  TIMFBRATUKB  DBG  F 

-10 

0 

10 

20 

30 

40 

50 

m 

50,000 
100,000 
150,000 

0.7 
2.6 
5.6 

0.5 
1.8 
3.9 

0.4 

1.4 
3.0 

0.3 
1.1 

2.4 

0.3 
0.9 

2.0 

0.2 
0.8 
1.6 

0.2 

0.7 
1.4 

200,000 
250,000 
300,000 

9.8 

14.8 

6.7 
10.3 
14.5 

5.2 

8.0 

11.3 

4.1    ! 
6.3 
9.0 

3.4 
5.1 
7.2 

2.8 
4.2 
6.0 

2.4 
3.6 

5.0 

350,000 
400,000 

19.5 

15.3 
19.6 

12.0 
15.3 

9.7 

12.5 

7.8 
10.0 

6.7 

8.5 

25i 

50,000 
100,000 
150,000 

0.2 
0.7 
1.6 

0.2 
0.6 

1.2 

0.1 
0.5 
1.0 

0.1 
0.4 

0.8 

0.1 
0.3 
0.6 

0.1 

0.2 
0.5 

0.1 

0.2 
0.4 

200,000 
250,000 
300,000 

2.8 
4.3 
6.1 

2.1 
3.4 
4.5 

1.7 
2.6 
3.7 

1.4 
2.1 
3.0 

1.1 

1.7 
2.4 

0.9 
1.3 
1.9 

0.7 
1.1 
1.5 

350,000 
400,000 
450,000 

8.2 

6.0 
7.8 

5.0 
6.5 

7.7 

4.0 
5.1 
6.4 

3.2 

4.2 
5.3 

2.5 
3,3 
4.0 

2.0 

2.7 
3.5 

500,000 
550,000 
600,000 

7.8 

6.4 

7.7 

5.0 
6.2 
7.4 

4.2 
5.1 
6.2 

3M 

200,000 
300,000 
400,000 

1.2 
2.6 
4.5 

1.0 
2.0 
3.4 

0.8 
1.6 
2.6 

0.6 
1.3 
2.1 

0.5 
1.0 
1.7 

0.4 
0.8 
1.4 

0.4 
0.7 
1.3 

500,000 
600,000 
700,000 

7.3 

5.4 
8.1 

4.1 
6.0 
8.4 

3.3 

4.7 
6.5 

2.7 
3.8 
5.2 

2.2 
3.1 
4.2 

1.9 
2.7 

3.5 

800,000 
900,000 
1,000,000 

8.6 

6.8 

8.7 

5.5 
7.0 
8.9 

4.6 
5.9 

7.3 

3*A 

300,000 
400,000 
500,000 

1.2 
2.0 
3.2 

0.9 
1.6 
2.5 

0.7 
1.3 
1.9 

0.6 
1.0 
1.6 

0.5 
0.8 
1.3 

0.4 
0.7 
1.0 

0.3 
0.6 
0.9 

600,000 
700,000 
800,000 

4.6 
6.4 
8.7 

3.6 
4.9 
6,4 

2.8 
3.8 
4.9 

2.2 
3.0 
3.9 

1.8 
2.5 
3.2 

1.5 
2.0 
2.5 

1.3 
1.7 
2.2 

900,000 
1,000,000 
1,100,000 

8.2 

6.2 
7.7 
9.4 

4.9 
6.1 
7.3 

3.9 
4.9 
5.8 

3.2 
4.0 
4.8 

2.7 
3.3 
4.0 

1,200,000 
1,300,000 
1,400,000 

8.7 

6.9 
8.0 
9.3 

5.6 
6.6 
7.6 

4.8 
5.6 
6.4 

•Length  of  tubing  includes  the  average  number  of  fittings. 
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TABLE  9.    PRESSURE  LOSSES  IN  DICHLORODIFLUOROMETHANE 

SUCTION  REFRIGERANT  LINES  (CONCLUDED) 


PUBBUBS   DROP  IN  POUNDS  FEE  SQFARB  INCH  PER  100  FT» 


\,orrER  riF« 
Arrr*L  O.D 
IMCHU 

i       CAPACITY 
;  BTT  F«R  Hout 

ElSFBIQERAN1 

r  TEMPEBAI 

rcRB  DBG  I 

•• 

-10 

0 

10 

20 

50 

40 

50 

400,000 
600,000 
800,000 

1.0 
2.4 

4.1 

0.8 

1.8 
3.1 

0.6 
1.4 
2.4 

0.4 
1.1 
2.0 

0.4 
0.9 
1.6 

0.3 
0.7 
1.3 

0.3 
0.6 
1.1 

•«« 

1,000,000 
1,200,000 
1,400,000 

6.6 
10.0 

4.8 
7.1 
10.0 

3.7 
5,4 
7.5 

3.0 
4.4 
5.9 

2.5 
3.5 
4.8 

2.0 
2.9 
3.9 

1.6 
2.4 
3.3 

1,600,000 
1,800,000 
2,000,000 

10.0 

7.7 
10.0 

6.2 
7.9 
9.7 

5.1 
6.4 
7.9 

4.2 
5.3 
6.6 

2,200,000 

9.5 

7,9 

ubing  includes  the  average  number  of  fittings. 

ICE  SYSTEMS 

Cold  water  systems  using  ice  as  the  cooling  agent  have  been  installed 
in  many  theaters,  restaurants,  funeral  homes,  churches  and  other  places 
where  short  hours  of  operation  and  high  peaks  of  cooling  demand  make 
this  type  of  system  desirable.  A  comparatively  small  quantity  of  ice  in 
the  water  cooling  tank  of  such  a  system  can  release  refrigeration  at  a 
relatively  rapid  rate.  For  instance,  neighborhood  theaters  having  a  peak 
demand  of  1,200,000  Btu  per  hour  (100  tons  refrigeration)  have  found  8 
ton  capacity  ice  bunkers  satisfactory. 

In  operation,  the  water  in  the  air  conditioning  system  is  circulated  over 
ice  placed  in  an  insulated  box  and  is  cooled  to  the  38  or  40  F  range  or 
higher  if  desired.  This  cold  "water  is  pumped  from  the  ice  bunker  to  air 
cooling  coils  or  spray  type  air  washers.  The  blowers,  coils,  air  washer  or 
air  handling  sections  are  the  same  as  those  parts  in  any  system  employing 
cold  water  as  a  refrigerant. 

The  ice  water  cooler  or  ice  bunker  is  usually  built  on  the  job  in  a  location 
where  it  can  easily  be  iced.  It  can  be  built  of  any  desired  material  such  as 
concrete,  steel,  or  wood  with  a  4  in,  thickness  of  standard  insulation  to 
save  the  ice  from  one  period  of  use  to  the  next.  The  basic  requirement  is 
that  the  tank  be  durable  and  water  tight.  A  typical  bunker  with  con- 
nections to  a  coil  type  air  conditioning  system  is  shown  in  Fig.  9.  About 
60  cu  ft  of  gross  bunker  volume  is  allowed  per  ton  of  ice  capacity. 

The  shape  of  the  bunker  usually  conforms  to  the  available  space.  The 
ooc  illustrated  has  overhead  sprays,  but  if  head-room  is  lacking  the  ice  is 
placed  on  the  floor  of  the  bunker  with  the  water  returned  around  the 
lower  part  of  the  blocks  from  a  perforated  distribution  pipe  run  along  one 
me  of  the  bunker.  To  secure  good  circulation  the  supply  water  is 
ejttwcted  from  a  similar  perforated  pipe  on  the  opposite  side  of  the  bunker. 
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The  temperature  of  the  water  is  controlled  at  a  predetermined  point 
by  a  thermostat  in  the  supply  line.  If  the  temperature  drops  too  low,  a 
part  of  the  return  water  is  by-passed  directly  to  the  sump  and  is  not 
cooled  over  the  ice.  In  the  larger  systems  it  is  customary  to  install  an 
overflow  control  which,  as  the  ice  melts,  discards  the  excess  water  through 
an  economizer  coiL  The  surface  of  the  economizer  is  large  in  relation  to 
the  flow  so  that  the  water  is  warmed  to  60  F  or  more  as  it  is  discharged 
from  the  system. 

EQUIPMENT  SELECTION 

The  selection  of  proper  refrigeration  equipment  for  any  air  conditioning 
job  is  of  utmost  importance  for  satisfactory  results.  The  most  important 
factors  in  the  selection  of  the  equipment  are : 

1.  Loads  (as  determined  by  the  conditions  of  the  space  to  be  cooled). 

2.  Economics  (both  initial  and  operating  costs). 


of  economizer 

Cal  type  conditoner 

FIG.  9.    TYPICAL  ICE  SYSTEM  SHOWING  BUNKER  DETAILS 

3.  Codes  (local  safety  codes  must  be  adhered  to  and  influence  the  type  of  system  to 
be  used). 

A  broad  division  of  equipment  to  be  used  may  be  made  on  the  basis  of 
the  magnitude  of  the  load.  Current  general  practice  is  outlined  in 
Table  10. 

Unit  or  packaged  systems,  consisting  of  a  reciprocating  compressor, 
condenser,  evaporator  and  fans,  are  generally  used  in  the  smaller  sized 
jobs  where  electric  power  is  available,  as  they  are  manufactured  complete 
ready  to  install  and  are  the  most  economical. 

The  reciprocating  compressor  in  the  built  up  central  system  covers  the 
widest  range  of  application  since  it  is  applicable  to  either  the  direct 
expansion  or  indirect  systems  and  can  be  driven  by  steam  or  gas  engines, 
or  by  electric  motors.  The  quantity  of  condensing  cooling  medium 
required  is  also  less  than  for  any  other  system  with  the  exception  of  the 
centrifugal  compressor,  which  uses  the  same  amount. 

Centrifugal  compressors  are  used  for  large  installations,  and  usually 
where  the  indirect  system  is  required.  The  driving  mechanism  can  be 
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TABLE  10.    BASIS  OF  EQUIPMENT  SELECTION 


CAPACITY 

TON'S 


400  and  Over 


MAJORITY  USED 


SOME  USED 


FEW  USED 


0  to  5  ,  Unit  systems  in  con-  J  Unit  central  systems    Built  up  central  sys- 

ditioned  space.  i  using  duct  distribu-  '  terns, 

tion.  . 


3  to  25  j  Built  op  central  sys- 

j  terns  using  reciprocat- 
ing compressors. 


Unit  central  systems 
using  duct  distribu- 
tion. 


Unit  systems  in  con- 
ditioned space. 

Built  up  systems 
using  absorption  and 
adsorption  systems. 


25  to  50 

Built  up  central  sys- 
tems using  reciprocat- 
ing compressors. 

Built  up  central  sys- 
tems  using  centri- 
fugal compressors. 

Central   systems 
using  adsorption 
systems. 

50  to  400  Built  up  central  sys-  |  Built  up  central  sys- 

tems using  reciprocal-  I  terns  using  steam  jet 

ing  compressors.          I  and  centrifugal  com- 
pressors. 


Built  up  central  sys-    Built  up  central  sys- 
tems  using   centri-    terns  using  steam  jet. 

f  ugal  compressors.       j 

i 


steam  turbine  or  electric  motor.  The  steam  jet  system  is  used  where 
steam  is  available  and  cooling  water  can  be  had  in  large  quantities. 

It  will  be  noted  by  referring  to  Fig.  4  that  all  systems  using  compressors 
have  a  common  characteristic  and  that  is,  that  the  capacity  varies  with 
the  evaporating  temperature.  Not  only  can  the  equipment  be  selected  to 
produce  a  given  result  but  the  performance  can  be  predicted  under 
varying  load  conditions  by  the  simple  expedient  of  using  the  variable  of 
evaporating  temperature  as  the  abscissa  and  the  load  or  capacity  as  the 
ordinate  in  a  series  of  curves. 

Manufacturers  of  compressors  and  cooling  coils  furnish  performance 
data  for  apparatus  that  can  be  plotted  in  the  form  of  curves  similar  to 
those  shown  in  Fig,  10.  The  performance  of  a  compressor  is  plotted  as  a 
series  of  curves,  each  curve  being  drawn  for  a  given  condensing  pressure. 
The  performance  of  a  direct  expansion  coil  at  two  different  air  velocities 
is  plotted  on  the  same  graph.  The  operating  point  will  be,  of  course, 
where  the  two  curves  cross. 

TABLE  11.    TYPICAL  OPERATING  CONDITIONS  FOR  Two  TYPES  OF  LOAD 


Lot*.  Bro  m  HOBS 

RATIO 

AIR  ENTERING 

COIL 

OPBRATWQ  BALANCE  POINT 

Etiouimi 

Latent 

Total 

TO 
TOTAL 

TW           Per 

V        Cent 

Evaporator 
Temp 

Condenser 
Pressure 

T  K  -PUU. 

PerC^t 
Sensible 

R.H. 

I%F 

Lbper 
Sqln. 

Heat 

Restaurant 

103,000i 

45,000 

148,000 

0.695' 

82        45 

34.4 

123 

69.9 

Office 

121,000 

27,000 

148,000 

0.820 

82        45 

42.2 

100 

82.1 
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Data  given  in  Table  1 1  illustrate  two  types  of  conditioned  enclosures 
having  the  same  total  load  of  148,000  Btu  per  hour,  but  with  two  different 
ratios  of  sensible  to  total  heat.  In  the  case  of  the  office  with  a  ratio  of 
82  per  cent  sensible  to  total  heat,  the  operating  point  A  in  Fig.  10  is  found 
to  be  42.2  F  evaporating  temperature  with  a  face  velocity  of  500  fpm. 
In  the  case  of  the  restaurant,  with  a  ratio  of  69.5  per  cent  sensible  to  total 
heat,  the  air  velocity  is  lowered  to  300  fpm  and  the  evaporating  tem- 
perature is  lowered  to  34.4  F  as  shown  in  point  B  of  Fig.  10.  In  order  to 
obtain  the  same  capacity,  a  larger  condensing  unit  is  used.  This  illus- 
tration assumes  zero  pressure  drop  through  the  suction  line.  The  pres- 
sure drop  can  be  taken  into  account  by  shifting  the  compressor  per- 
formance ^  curves  by  the  amount  of  pressure  drop  expressed  in  degrees 
Fahrenheit. 


240 


Dwect  expansion  coiJ-300  f  p  m  vdocrty-  82  F-  45%  R.  H.  ent  a* 

/  fill! 


Direct  expansion  caI-500  f  p  m  velocity 
82F-45KR.  H.  entar 


34  33  42  46 

REFRIGERANT  EVAPORATING  TEMPERATURE,  DEC  FAHR 
FIG.  10.    COMPRESSOR  AND  COIL  PERFORMANCE 


THE  REVERSE  CYCLE 

In  heating  by  the  reverse  refrigeration  cycle  energy  is  absorbed  in  an 
evaporator  from  some  available  source  of  heat,  pumped  to  a  higher  tem- 
perature and  delivered  to  a  condenser.  The  heat  from  the  condenser  is 
used  for  heating  purposes.  The  compressor  acts  as  a  heat  pump  whose 
fundamental  function  is  to  raise  the  potential  of  the  heat.  The  theoretical 
ratio  of  the  heat  delivered  to  the  work  of  compression  is  given  in  Equa- 
tion 1. 

T 

(1) 


T,  - 


where 

Ti  =  absolute  temperature  of  evaporator. 
7j  =  absolute  temperature  of  condenser. 

Thus,  with  a  small  spread  of  temperature  between  the  evaporator  and 
the  condenser,  6  or  8  times  as  much  heat  may  be  obtained  theoretically, 
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and  3  to  5  times  practically,  as  the  work  introduced1.  There  are  a  number 
of  limitations,  however,  the  most  serious  of  which  is  the  lack  of  ready 
availability  of  a  practical  source  of  heat. 

1.  Well  water  is  the  most  desirable  since  its  temperature  is  higher  than  other  sources 
even  In  the  winter,  and  thus  a  large  amount  of  heat  may  be  removed  in  relation  to  the 
weight  of  water  handled. 

2.  Air  may  be  used  but  its  specific  heat  is  low  and  its  temperature  uncertain.    When 
the  most  heat  is  needed,  the  temperature  of  the  air  is  lowest,  thus  resulting  in  the  least 
favorable  temperature  combination. 

3.  It  has  been  proposed  to  obtain  heat  by  freezing  water  but  this  is  still  in  the  experi- 
mental stage. 

Some  of  the  other  factors  which  act  as  limitations  are :  the  large  tem- 
perature spread  when  using  air  as  a  source  of  heat  and  when  attempting 
to  cool  with  even  moderately  low  outside  temperatures,  the  frequent 
disparity  between  the  size  of  the  cooling  load  and  heating  load  requiring 


CooAtiwed  a*  ton 
\ 


Exhaust  m  fan 


Condftjoned  a*r  fan 


Ewperi 


,  Condenser 


Compressor 


FIG.  11.    SCHEMATIC  OPERATION  OF  REVERSED  CYCLE  CONDITIONING  SYSTEM 

extra  equipment  for  a  complete  heating  load,  and  the  relatively  high 
initial  cost  of  equipment  as  compared  to  that  at  present  available  for 

heating  by  conventional  means. 

Because  of  these  limitations,  the  present  application  of  the  system  is 
largely  limited  to  temperate  climates,  such  as  Florida  and  Southern 

'«  R5n*fralioil'"by  £'  R'  Stevowon.  Presented  at  the  symposium  of  the 
mittee  of  the  Amsrwam  Cos  Association,  April  20.  1926. 

^TSyf1  Mff  5?1,  ?£/ISi1ldn«  ^-srade  Heat  from  Electricity,  by  T.  G.  N. 
'  P"  n6M182'  !*«»»*'  27,  1929,  and  I.  E.  E.  Jounul.  Vol.  68,  p. 

Etectricity,  by  H.  L.  Doolittfe  (Powsr,  Vol.  74,  p.  384,  Septem- 


) 


few  8,  

Howe  Heating  by  Pump  with 
ir««.  Vol.  100.  ^  828,  December 

An  All  Efectric  Netting, 
(A&H.V.E.  TKANSAcnosa,  .,  „.  „.,. 

...gs  asrawss  Sffls-Ms-ffifc  ^^^^^A^^^: 

'HTBS  *^^fmti0n*  **  A"  •*"  L*wtess  ^«t»«I.  Pipi*i  *»<i  Air  Condili&mimg,  August 
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California,  or  to  heating  only  for  intermediate  seasons,  or  to  other  locali- 
ties which  have  peculiar  advantages  as,  for  instance,  the  ready  availability 
of  well  water.  In  these  locations  it  is  frequently  possible  to  do  all  of  the 
heating  necessary  with  the  refrigeration  equipment  so  that  the  extra  cost 
is  only  that  of  reversing  the  functions  of  the  condenser  and  evaporator. 

There  a_re  a  number  of  reversed  systems  now  in  operation,  particularly 
among  utility  companies,  using  well  water  as  the  source  of  heat.  These 
systems  range  in  size  up  to  320  hp.  In  the  case  of  the  largest  system  in 
operation  at  present,  the  cost  of  the  electrical  energy  would  have  to  be 
approximately  0.7  cents  per  kilowatthour  in  order  to  compete  with  oil  at 
6  cents  per  gallon. 

A  typical  arrangement  of  a  reversed  cycle  conditioning  system  where 
air  is  used  as  a  source  of  heat  is  shown  in  Fig.  11.  If  the  air  seldom  drops 
below  freezing,  heat  is  often  required  in  the  morning  and  cooling  during 
the  afternoon  in  order  to  maintain  comfortable  conditions  in  such  a 
system.  The  arrangement  as  shown  lends  itself  to  automatically  changing 
over  as  required. 

Example  L  Electrically  driven  dichlorodifluoroniethane  condensing  units  are  to  be 
used  in  an  air  conditioning  system,  requiring  20  tons  refrigerating  capacity  for  conditions 
of  maximum  load.  An  overall  analysis  of  the  seasons  operating  conditions  shows  an 
average  load  factor  of  62.5  per  cent,  and  allowing  for  variable  time  intervals  of  operation 
of  refrigeration  units  installed,  three-quarters  of  the  operating  season,  or  750  hr,  would 
require  operation  of  the  equipment  at  one-half  load,  and  one-quarter  of  the  operating 
season  or  250  hr  full  load  capacity  of  the  refrigeration  equipment  would  be  required. 

The  increased  first  cost  of  2-10  hp,  10  ton  condensing  units  over  1-20  hpT  20  ton  con- 
densing unit  is,  $830.00  installed  price,  to  the  customer. 

The  increased  first  cost  of  a  2-speed  compressor  motor  of  20  hp  size  over  a  constant 
speed  of  20  hp  size  motor  including  increased  starter  cost  is  $210.00.  The  efficiency  of 
the  2-speed  motor  above  is  S3  per  cent  at  full  load  speed,  and  79  per  cent  for  full  load  at 
14  speed.  At  ]^  speed,  full  load  is  J^  total  bhp  of  full  load  speed. 

Discuss  the  consideration  involved  in  making  a  decision  as  to  whether  a  single  unit 
with  a  20  hp  motor  of  the  2  speed  type  would  be  used  in  preference  to  2-10  hp  constant 
speed  units. 

Solution.  The  cost  of  2-10  hp  10  ton  units  in  excess  of  1-20  hp,  20  ton  unit  with  2-speed 
motor,  is  $830.00— $210,00  or  $620.00,  increased  first  cost.  At  15  per  cent  fixed  charges, 
this  represents  an  increased  annual  cost  of  $93.00  for  2  compressors  over  one  compressor. 
The  advantage  of  2  compressors  instead  of  one  compressor  on  an  installation  of  this  type, 
is  in  the  breakdown  service  provided  in  the  event  one  compressor  is  shut  down  for  repairs 
the  system  could  be  operated  at  one-half  capacity  utilizing  the  duplicate  machine.  The 
motor  efficiency  of  the  constant  speed  unit  would  be  higher  at  full  load  than  would  be 
the  efficiency  of  the  2-speed  motor  at  low  speed.  Offsetting  this  latter  advantage 
however,  is  the  fact  that  the  condenser  on  the  condensing  unit  would  provide  a  lower 
refrigerant  condensing  temperature  for  ]4  load  operation  with  the  same  final  condensing 
water  temperature  than  would  be  the  case  with  duplicate  units  each  furnished  with  its 
own  compressor  and  condenser.  Operation  at  a  lower  condensing  temperature  would 
provide  for  a  power  saving  compensating  for  the  lower  efficiency  of  the  2-speed  motor 
when  operated  at  slow  speeds.  It  is,  in  a  case  of  this  kind,  purely  a  question  as  to  whether 
or  not  the  purchaser  would  deem  an  investment  of  $620.00  more  and  an  increased  fixed 
charge  of  $93.00  a  year,  advisable  to  get  breakdown  service  through  the  installation  of 
duplicate  units.  In  most  cases,  this  increased  first  cost  would  not  be  warranted  because 
of  the  fact  that  satisfactory  indoor  conditions  could  not  be  obtained  at  full  load  if  only 
one-half  the  refrigeration  capacity  were  available. 

Example  8.  For  condensing  purposes,  an  air  conditioning  system  uses  city  water 
which  has  an  average  70  F  supply  temperature.  The  following  table  lists  the  number 
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of  hours  per  year  during  which  definite  wet-bulb  temperatures  and  corresponding 

refrigeration  rates  pertain. 


Wxr-Bru 

TEKPUUmrU  F 

No.  OF  HOURS 
PIE  YULE 

REFRIGERATION 
REQUIRED  TONS 

80 
79  -  75 
74  -  70 
69  -  65 
64-60 
59  -  55 
54-50 

6 
100 
277 
330 

277 
158 
52 

284 
233 
183 
157 
144 
79 
37 

Total  1200  hours 


If  the  power  requirements  of  a  dlchlorodjfluoromethane  refrigeration  system  are  in 
accordance  with  toe  following  data  on  partial  load  operation,  determine  the  seasonal 

power  cost  at  2  cents  per  kwhr: 


Toes  of  Refrigeration 
Kw  per  toe 

S&lulmn.    Seasonal  power  cost: 


284 
0.89 


233 
0.89 


183 
0.87 


157 
0.86 


144 
0.86 


79 
0.93 


37 
0.97 


WIT  BULB 


Totals 


Toif-Hocia 


KWHB 


80 
79  -  75 
74  -  70 
69  -  65 
64-60 
59  -  55 
54-50 

6  X  284  =    1,704 
100  X  233  -  23,300 

277  X  183  =  50,700 
330  X  157  =  51,800 
277  X  144  =  39,900 
158  X    79  =  12,500 
52  X    37  =    1,920 

1,704  X  0.89  =    1,517 
23,300  X  0.89  =  20,750 
50,700  X  0.87  =  44,100 
51,800  X  0.86  =  44,500 
39,900  X  0.86  -  34,300 
12,500  X  0.93  =  11,600 
1,920  X  0.97  =    1,860 

181,824  ton-hours 


158,627  kwhr 


The  158,627  kwhr  at  2  cents  per  kwhr  will  cost  $3,173. 

158,627  kwhr 


The  average  consumption  will  be 


181,824  ton-hours 


=  0.873  kw  per  ton. 


Using  the  data  from  Example  2,  if  city  water  costs  20  cents  per  thousand 
gallons,  and  if  1.25  gal  arc  used  per  minute  per  ton,  estimate  the  annual  water  cost. 


Solution* 


60  X  1.25  =  75  gal  per  ton-hour. 

181,824  ton-hours  X  75  =  13,620,000  gal  per  year. 

13,620,000  X  $0.20       ^  ^    .  ~        T. 

lOQO" ~  ^2'72^  ™e  y^^y  cooling  water  cost. 
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Chapter  25 

HEAT  TRANSFER  SURFACE  COILS 

Coil   Applications,    Construction   and  Arrangement,    Steam 
Coils,    Water    Coils,   Direct-Expansion   Colls,    Flow  Arrange- 
ments, Applications,  Calculation  of  Heat  Transfer,  Air  Flow 
Resistance,  Coil  Performance,  Sel&ction 

THE  coils  described  in  this  chapter  are  used  in  air  conditioning  sys- 
tems for  heating  or  cooling  an  air  stream  under  forced  convection. 
The  surface  coil  equipment  may  be  made  up  of  a  number  of  banks 
assembled  in  the  field,  or  the  entire  assembly  may  be  factory  constructed. 
The  applications  of  each  type  of  coil  are  limited  to  the  field  within  which 
it  is  rated.  Other  limitations  are  imposed  by  code  regulations,  by  proper 
choice  of  materials  for  the  refrigerants  used  and  the  condition  of  the  air 
handled,  or  by  an  economic  analysis  of  the  possible  alternates  on  each 
installation. 

For  heating  service,  these  coils  are  used  as  preheaters,  reheaters  or 
booster  heaters,  (see  Chapters  20  and  21).  The  function  of  the  coils  is  air 
heating  only,  but  the  apparatus  assembly  may  include  means  for  humidi- 
fication  and  air  cleaning.  Steam  or  hot  water  are  the  usual  heating  media, 
although  others  are  used  in  special  cases,  such  as  reheating  by  means  of 
discharge  gas  from  a  refrigerating  system. 

Coils  are  used  for  air  cooling  with  or  without  accompanying  dehumidi- 
fication.  Examples  of  cooling  applications  without  dehumidification  are 
precooling  coils  using  well  water  or  other  relatively  high  temperature 
water  to  reduce  the  load  on  the  refrigerating  machinery,  or  water  cooled 
coils  to  remove  sensible  heat  in  connection  with  chemical  moisture- 
absorption  apparatus.  By  proper  coil  selection  it  is  possible  to  handle 
both  sensible  cooling  and  dehumidification  together  as  further  explained 
later.  The  apparatus  assembly  usually  includes  an  air  cleaning  means  to 
protect  the  coil  from  accumulation  of  dirt  and  to  keep  dust  and  foreign 
matter  out  of  the  conditioned  space.  Although  cooling  and  dehumidi- 
fication are  the  usual  functions,  there  are  cases  of  cooling  coils  purposely 
wetted  as  an  aid  to  air  cleaning  and  odor  absorption. 

The  usual  cooling  media  used  in  surface  coils  are  cold  water  and  volatile 
refrigerants  such  as  dichlorodifluoromethane  and  methyl  chloride,  but 
others  are  used  in  special  cases.  Brines  are  seldom  required  for  the  range 
of  applications  covered  by  this  chapter,  although  there  are  cases  where 
low  entering  air  temperatures  with  large  latent  heat  loads  require  a 
refrigerant  temperature  so  low  that  water  becomes  impractical.  Some- 
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times*  also,  brine  from  an  industrial  system  already  installed  is  the  only 
convenient  source  of  refrigeration. 

For  combined  cooling  and  dehumidifying,  surface  coils  present  an  alter- 
nate to  spray  dehumidifiers.  For  many  applications  it  is  possible,  by 
proper  selection  of  apparatus,  choice  of  air  velocities,  refrigerant  tempera- 
tures, etc.,  to  perform  the  same  duty  with  either.  In  a  few  cases  both 
sprays  and  coils  are  used.  The  coils  may  then  be  installed  within  the 
spray  chamber,  either  in  series  with  the  sprays  or  below  them.  In  making 
the  selection  between  spray  and  surface  dehumidifiers,  certain  advantages 
of  each  should  be  considered.  The  fact  that  a  spray  dehumidifier  is  usually 
designed  to  deliver  nearly  saturated  air  tends  to  simplify  the  control 
problem.  In  this  case  the  dry-bulb  temperature  is  also  the  dew-point,  and 
hence  a  dew-point  control  can  be  arranged  by  using  a  simple  duct  thermo- 
stat. Spray  dehumidifiers  have  the  advantage  over  un wetted  coils  of  a 
certain  degree  of  air  cleaning  and  odor  absorption.  On  the  other  hand, 
coils  make  possible  a  closed  and  balanced  cooling  water  circuit,  obviating 
the  unbalanced  pumping  head,  the  complication  of  water  level  control, 
and  danger  from  possible  floods  incidental  to  multiple-spray  dehumidi- 
fiers, especially  if  located  on  different  levels.  The  use  of  coils  often  makes 
it  possible  for  the  same  surface  to  serve  for  summer  cooling  and  winter 
heating  by  circulating  cold  water  in  the  one  season  and  hot  water  in  the 
other,  with  consequent  saving  in  apparatus  and  piping.  Surface-coil 
defauniidifiers  seldom  deliver  saturated  air,  and  wet-bulb  depression  of  0.5 
to  4  F  (or  more)  is  usual.  Another  advantage  is  that  where  the  surface 
coil  system  can  be  used  with  direct  expansion  of  refrigerant,  it  is  com- 
paratively low  in  initial  and  operating  costs.  Of  course  the  safety  of  the 
occupant  must  be  kept  in  mind  in  comfort  conditioning  applications.  Some 
localities  have  refrigeration  codes  which  restrict  the  use  of  direct-ex- 
pansion coils  in  the  air  stream,  and  hence  local  codes  should  be  consulted 
by  the  engineer  before  a  system  employing  direct  expansion  methods  is 
designed.  The  choice  between  spray  dehumidifiers  and  coils  depends  upon 
the  necessities  and  the  economic  aspects  of  each  case  and  no  general  rule 
can  be  given.  There  are  many  installations  in  which  either  can  be  used. 

COIL  CONSTRUCTION  AND  ARRANGEMENT 

Coils  are  basically  of  two  types,  those  consisting  of  bare  tubes  or  pipe 
and  those  of  extmded  surface  construction.  The  former  are  little  used  for 
the  applications  covered  by  this  chapter,  but  are  often  employed  where 
conditions  cause  frost  accumulation,  and  for  cooling  surface  within  spray 

dehuiiiidifiers. 

The  heat  transmission  from  air  passing  over  a  tube  to  a  refrigerant 
flowing;  within  it  is  impeded  by  three  resistances.  The  same  is  true  when 
the  air  is  being  heated  by  steam  or  hot  water  in  the  tube.  The  first 
resistance  is  from  the  air  to  the  surface  of  the  tube,  usually  called  the 
outside  surface  resistance  or  air-film  resistance.  Second  is  the  resistance 
to  the  flow  of  heat  by  conduction  through  the  metal  itself.  Finally  there 
is  another  surface  or  film  resistance  to  the  flow  of  heat  between  the  inside 
surface  of  the  metal  and  the  fluid  in  the  tube.  For  the  applications  under 
a»aderation  both  the  resistance  of  the  metal  wall  to  heat  conduction, 
and  the  inside  surface  or  film  resistance  are  usually  low  as  compared  with 
the  air-side  surface  resistance.  This  is  especially  the  case  where  sensible 
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heating  or  cooling  only  is  accomplished.  Where  dehumidification  accom- 
panies sensible  cooling,  or  where  the  external  surface  of  the  tube  is  sprayed 
with  large  quantities  of  water,  the  resistance  to  heat  flow  between  the  tube 
and  the  air  flowing  over  it  is  much  decreased.  In  the  case  of  the  water 
spray,  the  surface  resistance  depends  on  the  amount  and  the  method  of 
application  of  the  water.  Economy  in  space,  weight  and  cost  make  it 
advantageous  to  decrease  the  external  surface  resistance,  where  it  is 
proportionately  large,  to  approach  that  of  the  tube  wall,  and  that  from 
tube  to  refrigerant.  This  is  accomplished  by  increasing  the  external 
surface  by  means  of  fins.  With  water  spray  the  external  resistance  is 
already  low,  and  the  fins  are  less  useful  for  increasing  the  overall  heat 
transfer.  Sometimes  water  spray  is  applied  to  the  same  type  surface  as 
would  have  been  used  without  it.  The  overall  heat  transfer  is  not  neces- 
sarily increased  much  by  such  an  arrangement,  but  the  water  spray  may 
serve  other  purposes  than  to  increase  the  flow  of  heat,  such  as  air  and 
coil  cleaning. 

In  fin  or  extended  surface  coils  the  external  surface  of  the  tubes  is 
known  as  primary  and  the  fin  surface  is  called  secondary.    The  primary 
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FIG.  1.   TYPES  OF  FIN  COIL  ARRANGEMENT 


surface  consists  generally  of  round  tubes  or  pipes.  In  some  cases  these 
are  staggered  and  in  others  in  line  with  respect  to  the  air  flow.  The 
staggered  arrangement  gives  a  somewhat  higher  heat  transfer  value  but 
also  a  higher  resistance  to  air  flow  and  in  some  cases  makes  the  header 
and  return  bend  arrangement  more  complicated.  A  number  of  types  of 
fin  arrangement  are  used,  the  most  common  of  which  are  spiral,  flat  and 
flat-crinkled  or  corrugated,  all  as  shown  in  Fig.  1.  While  the  spiral  fin 
surrounds  each  tube  individually  in  all  cases,  the  flat  types  may  be  con- 
tinuous (including  several  rows  of  tubes),  or  they  may  be  round  or  square, 
with  individual  fins  for  each  tube.  All  of  these,  as  well  as  other  less 
common  types,  are  in  use,  the  selection  for  a  particular  installation  being 
based  on  economic  considerations,  space  requirements  and  resistances  of 
individual  designs  of  coils.  A  most  important  factor  in  the  performance 
of  extended  surface  coils  is  the  bond  between  the  fin  and  the  tube.  An 
intimate  contact  is  assured  in  a  number  of  ways.  The  assembled  coil  may 
be  coated  with  tin^  zinc,  etc.,  after  fabrication.  The  spiral  type  fin  may 
be  knurled  into  a  shallow  groove  on  the  exterior  of  the  tube.  The  tube 
may  be  expanded  after  the  fins  are  assembled,  or  the  tube  hole  flanges  of  a 
flat  or  corrugated  fin  may  be  made  to  override  those  in  the  preceding 
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fin  and  so  compress  them  upon  the  tube.  There  are  also  types  of  con- 
struction where  the  fin  Is  formed  out  of  the  material  of  the  tube  itself.  In 
any  case  the  successful  performance  of  a  fin  surface  depends  upon  the 
bond  between  fin  and  tube  being  secure  and  remaining  so  in  service. 

For  heating  colls  the  materials  most  generally  used  are  copper,  steel  and 
aluminum.  Sometimes  aluminum  or  brass  fins  are  used  on  copper  tubes. 
Steel  is  uncommon  except  in  special  cases.  Some  types  of  heating  coils  are 
made  of  cast-iron.  There  are  sufficient  practical  installations  of  each  of 
these  to  demonstrate  that  they  can  all  give  good  service.  However  for 
equal  performances  brass  and  aluminum  fins  must  be  of  greater  thickness 
than  copper  fins  on  account  of  their  lower  coefficients  of  conduction.  The 
copper  coils  are  frequently  tin-dipped  and  steel  coils  galvanized  to  protect 
them  from  corrosion  and  to  assure  a  bond  between  fin  and  tube. 

Cooling  coils  for  water  or  for  volatile  refrigerants  are  most  frequently 
of  copper,  both  fin  and  tube.  Aluminum  fins  on  copper  tubes  are  also 
used.  For  brines  such  as  sodium  or  calcium  chloride  and  for  ammonia, 
steel  fins  and  tubes  are  common. 

Although  there  are  many  variations  for  special  cases,  tube  and  fin  sizes 
and  spacings  for  air  conditioning  coils,  both  heating  and  cooling,  fall 
within  fairly  narrow  limits.  The  tubes  are  usually  %,  M»  Y^  or  ^  in.  OD, 
and  the  fins  spaced  from  4  to  8  per  inch,  6  per  inch  being  a  common 
design.  The  tube  spacing  generally  varies  from  about  1 J^  to  2  in.  on 
centers.  Small  tube  size  and  close  fin  spacing  give  large  capacity  with 
small  space  demand,  but  the  resistance,  both  over  the  surface  and  through 
the  tubes,  is  higher  than  with  larger  tubes  and  more  widely  spaced  fins. 
Moreover,  too  close  a  fin  spacing  may  result  in  trouble  from  dirt  accumu- 
lation, especially  on  dehumidifying  coils,  and  may  also  cause  trouble 
from  water  hold-up  between  the  fins,  particularly  ^with  air  flow 
vertically  upward.  This  condition  increases  the  air  resistance  and  de- 
creases the  capacity  of  the  coil.  Water  hold-up  sometimes  causes  flooding 
trouble  in  vertical  air  flow  units  by  accumulating  too  much  water  for  the 
drain  to  handle  all  at  once  when  the  fan  is  stopped. 

Steam  Coils 

For  proper  performance  of  steam  heating  coils,  condensate  and  air 

must  be  continually  eliminated  and  the  steam  must  be  evenly  distributed 
to  the  Individual  tubes.  This  distribution  is  usually  accomplished  by 
individual  orifices  in  the  tubes,  by  distributing  plates  and  orifice  in  the 
steam  header,  or  by  perforated  internal  steam-distributing  pipes  extending 
Into  the  individual  tubes.  The  latter  arrangement  has  the  advantage  of 
distributing  the  steam  throughout  the  length  of  each  tube,  and  is  con- 
ducive to  uniform  delivered  air  temperatures.  The  tendency  for  freezing 
of  coedensate  at  the  bottom  of  the  coil  with  cold  entering  air  and  light 
heating  loads  is  also  minimized.  This  is  especially  valuable  for  outside 
air  preheaters.  Methods  of  air  and  condensate  elimination  are  discussed 
in  detail  in  Chapters  13,  14  and  21. 

Water  Cois 

The  performance  of  water  coils,  for  heating  or  cooling,  depends  on  the 
elimination  of  air  from  the  system  and  proper  distribution  of  water.  Air 
elimination  is  taken  care  of  in  the  system  piping  as  described  in  Chapter 
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15.  To  assure  a  pressure  drop  sufficient  for  adequate  distribution  but  at 
the  same  time  to  provide  against  excessive  pumping  head  where  large 
water  quantities  are  handled,  water  coils  are  provided  with  various  water 
circuit  arrangements.  For  instance,  a  typical  coil  18  tubes  high  and  6 
tubes  deep  in  the  direction  of  air  flow  can  be  arranged  for  6,  9,  18  or  36 
parallel  water  circuits  as  conditions  may  require.  Orifices  in  individual 
tubes  are  occasionally  employed  but  are  usually  unnecessary  as  the 
resistance  of  individual  water  circuits  is  generally  sufficient  to  effect  a 
satisfactory  distribution.  In  cases  such  as  well  water  precooling  coils, 
where  there  may  be  considerable  sand  and  other  foreign  matter  in  the 
water,  provision  for  cleaning  of  individual  tubes  is  of  advantage.  It  is 
important  to  arrange  water  coils  for  drainage  if  located  where  they  will  be 


FIG.  2.    VARIOUS  WATER  CIRCUIT  ARRANGEMENTS 

exposed  to  freezing.  For  this  reason  the  circuits  should  be  so  laid  out  that 
there  are  no  pockets  to  hold  water.  Fig.  2  shows  such  construction.  The 
drains  may  be  provided  in  the  water  piping  although  they  are  often 
arranged  in  the  coil  headers. 

Direct- Expansion  Coils 

Coils  for  volatile  refrigerants  present  more  complex  problems  of  fluid 
distribution  than  do  water,  brine  or  steam.  It  is  desirable  that  the  coil 
be  effectively  and  uniformly  cooled  throughout,  and  necessary  that  the 
compressor  be  protected  from  entrained,  unevaporated  refrigerant.  There 
are  two  types;  namely,  flooded  systems,  and  thermal  expansion  valve 
systems,  as  shown  in  Figs.  3  and  4.  With  flooded  control  the  coils  are 
supplied  with  liquid  by  the  same  type  of  circulation  that  exists  in  a  water 
tube  boiler,  while  the  level  in  the  surge  drum  is  maintained  by  the  action 
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of  the  float  regulator,  or  by  properly  charging  the  plant  in  the  case  of  the 
high  pressure  float  drainer.  The  thermal  expansion  valve  system  depends 
upon  the  thermal  valve  automatically  feeding  just  as  much  liquid  to  the 
coils  as  is  required  to  maintain  the  superheat  at  the  coil  suction  outlet 
within  predetermined  limits  which  vary  from  about  6  to  10  F.  The 
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DIRECT-EXPANSION  COIL  WITH 
FLOODED  SYSTEM 


FIG.  4.    DIRECT-EXPANSION  COIL  WITH 
THERMAL  VALVE  SYSTEM 


thermal  valve  arrangement  is  in  common  use  for  the  type  of  coils  covered 
by  this  chapter,  while  the  flooded  system  is  comparatively  rare. 

With  the  flooded  system  the  refrigerant  distribution  through  the  tubes 
depends  on  properly  selecting  the  length  of  the  feeds  and  the  head  of 
liquid  imposed  upon  the  liquid  inlets.  No  auxiliary  distributing  devices 


B  C 

FIG.  5.    TYPES  OF  REFRIGERANT  FEED  DISTRIBUTING  HEADS 

are  required.  With  the  thermal  valve  system  there  are  two  factors  to 
consider.  There  must  be,  generally,  more  than  one  refrigerant  feed 
through  the  aril  (per ^thermal  valve  to  keep  the  pressure  drop  through  the 

refrigerant  circuit  within  practical  limits  and  to  reduce  the  corresponding 
penalty  in  increased  evaporating  temperature.  At  the  same  time  the 
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coil  must  be  so  arranged  that  the  required  suction  superheat  can  be 
attained  with  a  minimum  sacrifice  in  the  performance  of  the  coil  as  a* 
whole.  It  is  general  practice  to  attain  this  superheat  within  the  coil 
itself  and  not  by  the  use  of  external  heat  exchangers  or  other  auxiliary 
devices. 

With  thermal  expansion  valves  it  is  advantageous  to  keep  the  pressure 
drop  through  the  refrigerant  feeds  as  low  as  possible.  The  feeds  are  laid 
out  to  expose  each  to  the  same  mean  temperature  difference  so  that  it 
handles  the  same  refrigerating  load.  A  distributing  means  is  imposed 
between  valve  and  coil  liquid  inlets  to  divide  the  refrigerant  equally 
among  the  feeds.  Such  a  distributor  shall  be  effective  for  distributing 
both  liquid  and  vapor,  since  the  entering  refrigerant  is  a  mixture  of  the 


FIG.  6.    ARRANGEMENT  FOR 
FACE  CONTROL 


T     Sucten 


FIG,  7.    ARRANGEMENT  FOR 
DEPTH  CONTROL 


two.  Fig.  5  shows  three  typical  types  of  distributors.  In  distributor  A 
the  liquid  and  gas  mixture  from  the  thermal  valve  is  led  tangentially  into 
a  chamber.  The  coil  feed  connections  extend  outward  radially  at  the  top 
of  this  chamber.  In  distributor  B  the  refrigerant  is  discharged  at  a  high 
velocity  through  a  central  jet  against  the  end  plate,  forming  a  uniform 
mixture  of  gas  and  liquid  within  the  distributor,  from  which  individual 
connections  are  led  as  shown.  In  type  C  the  refrigerant  enters  at  high 
velocity  from  the  thermal  valve  and  is  discharged  againsf  the  end  plug 
in  which  the  individual  liquid  feeds  a-  e  closely  arranged.  These  distribu- 
tors can  be  used  in  either  vertical  or  horizontal  position.  Although  there 
are  other  forms  of  distributors  the  above  are  typical  examples.  The 
individual  liquid  connections  from  the  distributor  to  the  coil  inlet  are 
commonly  made  of  small  diameter  tubing  and  are  all  of  the  same  length 
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and  diameter  in  order  to  impose  the  same  friction  between  the  distributor 
»and  the  coil.  Since  the  thermal  valves  act  in  response  to  the  superheat 
at  the  coil  outlet,  this  superheat  should  be  produced  with  the  least  pos- 
sible sacrifice  of  active  evaporating  surface.  Sometimes  a  single  thermal 
valve  is  used  per  coil.  In  other  cases  multiple  valves  are  used,  with  the 
coil  divided  across  the  air  flow  or  parallel  to  the  air  flow  as  shown  in  Fig.  6. 
The  arrangement  of  Fig.  7  should  be  avoided  since  it  offers  the  disad- 
vantage of  unequal  load  on  the  two  parallel  circuits. 

Flow  Arrangement 

The  relative  direction  of  flow  of  the  air  outside  the  tubes  and  the 
medium  within  them  influences  the  performance  of  the  surface.  There 
are  three  types  of  relative  flow  in  common  use.  Fig.  8A  shows  parallel- 
flow  in  which  the  air  and  the  medium  in  the  tubes  proceed  through  the 
coil  in  the  same  direction.  Fig.  SB  shows  counter-flow  in  which  the 
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FIG.  8.    FLOW  OF  MEDIA  IN  TUBES  IN  RELATION  TO  AIR  FLOW 

medium  in  the  tubes  proceeds  in  a  direction  opposite  to  the  flow  of  air. 
Fig.  8C  shows  cross-flow  in  which  the  air  and  the  medium  in  the  tubes 
pass  at  right  angles  to  each  other.  Parallel  flow  is  seldom  used  for  the 
reason  that  a  lesser  mean  temperature  difference  results  than  with  counter- 
flow.  The  counter-flow  arrangement  is  almost  universally  used  in  brine 
or  water  coils  to  take  advantage  of  the  highest  possible  mean  temperature 
difference  for  given  entering  water  and  air  temperatures.  It  is  also 
invariably  used  in  coils  fed  with  volatile  refrigerant  to  take  advantage  of 
the  higher  air  temperature  for  superheating  the  leaving  gas.  This 
arrangement  assists  complete  evaporation  and  superheating  of  the  re- 
frigerant which  is  essential  to  proper  operation  of  the  thermal  expansion 
valve.  Cress-flow  is  common  in  steam  heating  coils,  the  temperature 
within  the  tubes  being  substantially  uniform  and  the  mean  temperature 
difference  the  same  whatever  the  direction  of  flow,  relative  to  the  air. 
Cross-flow  is  to  be  avoided  in  coils  with  volatile  refrigerants  on  account 
of  unequal  loading  of  parallel  circuits  and  danger  of  short  circuiting  of 
liquid  refrigerant  which  will  disturb  proper  functioning  of  the  thermal 
expansion  valve. 
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Applications 

Heating  coils  in  field  assembled  banks  are  used  for  a  number  of  pur- 
poses as  described  in  Chapter  20.  They  may  be  arranged  with  the  air 
flow  vertical  or  horizontal,  although  the  latter  is  more  common.  For 
steam  heating  the  coils  may  be  set  with  the  tubes  vertical  or  horizontal. 
In  the  latter  case  the  coil  should  be  sloped  to  provide  for  condensate 
drainage.  Because  of  the  multi-circuit  feed  arrangement  and  the  neces- 
sity for  avoiding  air  and  water  pockets,  water  heating  coils  are  generally 
arranged  with  the  tubes  horizontal.  Certain  precautions  must  be  taken 
against  freezing.  Where  steam  coils  are  used  with  entering  air  below 
freezing  temperature,  throttling  the  steam  supply  may  result  in  freezing 
the  condensate  in  the  bottom  of  the  coil  if  the  tubes  are  of  the  variety  not 
provided  with  internal  distributing  pipes,  or  an  equivalent  arrangement. 


Drain       'insulation          Drip  pati 
FIG.  9.    TYPICAL  ARRANGEMENT  OF  COOLING  COILS  IN  A  CENTRAL  SYSTEM 


If  these  are  used,  there  is  little  danger  of  freezing  the  condensate  as  long 
as  the  leaving  air  temperature  is  not  allowed  to  fall  below  about  40  F. 
As  an  added  precaution  with  both  steam  and  water  coils  the  outside  air 
inlet  dampers  are  often  closed  automatically  when  the  fan  is  stopped  to 
avoid  trouble  caused  by  very  cold  outside  air  drifting  in  during  off  periods. 
A  typical  arrangement  of  water  cooling  coils  is  shown  in  Fig.  9.  Some 
means  should  be  provided  to  filter  all  the  entering  air  to  keep  dirt  and 
foreign  matter  from  accumulating  on  the  coils.  The  assembly  is  provided 
with  a  drip-pan  to  catch  the  condensate  during  summer  dehumidifying 
duty  and  to  collect  the  non-evaporated  water  from  the  humidifying  sprays 
in  winter.  The  drip  connection  should  be  made  ample  in  size  and  liberally 
provided  with  plugged  tees  and  crosses  for  cleaning.  It  should  not  be 
exposed  to  freezing  temperatures  in  winter  if  the  apparatus  is  used  on 
winter  humidifying  duty.  Access  doors  should  be  provided  for  servicing 
filters,  humidifying  nozzles,  and  fan  bearings  and  for  cleaning  the  coils. 
With  certain  designs  of  coils  when  used  for  dehumidifying,  eliminators  must 
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be  used  beyond  the  coil  to  catch  any  water  which  may  be  blown  into  the  air 
stream.  It  is  customary  to  include  these  eliminators  when  the  air  velocity 
exceeds  about  450  fpm  with  the  individual  fins  and  about  600  fpm  for  the 
continuous  flat  fin  type.  Where  a  number  of  coil  sections  are^stacked  one 
upon  another,  and  where  the  velocities  are  low,  so  that  eliminators  need 
not  be  used,  occasional  trouble  results  when  water  splashes  down  from 
one  coil  to  the  next  and  blows  out  into  the  air  stream.  In  such  cases  drip 
troughs  as  shown  in  Fig.  10  are  used  to  collect  this  water  and  conduct 
it  to  the  condensate  pan, 

Sometimes  finned  surface  coils  on  summer  cooling  and  dehumidifying 
duty  are  provided  with  water  sprays.  These  sprays  are  of  two  types. 
In  the  first  type  a  set  of  spray  nozzles  is  arranged  for  intermittent  cleaning. 
The  operator  can  wash  the  coils  off  as  frequently  as  necessary.  These 
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FIG.  10.    COIL  ARRANGED  WITH 
DRIP  TROUGH 


FIG.  II.    RECIRCUL AXING  SPRAY  SYSTEM 
FOR  CLEANING  COILS 


sprays  are  not  operative  when  the  system  is  in  use  and  no  recirculating 
pump  Is  provided.    The  second  arrangement  requires  a  collecting  tank 

and  a  recirculating  pump.  The  water  is  in  circulation  whenever  the 
apparatus  is  in  operation,  and  assists  in  keeping  the  coil  clean  and  in 
absorbing  odors.  Fig.  11  illustrates  such  an  arrangement.  Wherever 
air  by-passes  are  used  around  a  coil  on  summer  duty  for  control  purposes, 
it  is  of  advantage  to  direct  only  return  air  through  the  by-pass  rather  than 
a  mixture  of  return  and  outside  air.  The  casing  should  be  arranged 
accordingly.  To  maintain  the  air  quantity  handled  by  the  fan  reasonably 
constant,  and  to  assure  the  required  design  quantity  of  by-passed  air 
wtwtt  the  by-pass  damper  is  open,  cooling  coil  banks  are  frequently 
furnished  with  both  face  and  by-pass  dampers  as  shown  in  Fig.  9. 
Although  both  heating  and  cooling  coils  are  made  of  sufficient  strength 
to  take  up  expansion  and  contraction  arising  within  themselves,  care 
should  be  taken  to  avoid  imposing  strains  from  the  piping  on  to  the  coil 
connections,  (See  Chapters  14  and  15), 
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HEAT  TRANSFER  AND  AIR  FLOW  RESISTANCE 

The  transfer  of  heat  between  the  heating  or  cooling  medium  and  the 
air  stream  is  influenced  by  several  variables: 

1.  The  magnitude  of  the  driving  force,  i.e.,  the  temperature  difference. 

2.  The  design  and  surface  arrangement  of  the  coil. 

3.  The  velocity  and  character  of  the  air  stream. 

4.  The  velocity  and  character  of  the  medium  in  the  tubes. 

The  driving  force  is  usually  taken  as  the  logarithmic  mean  temperature 
difference  for  heating  or  cooling  without  dehumidifi cation.  For  combined 
cooling  and  dehumidification,  a  special  measure  of  the  propelling  force  is 
used  as  described  later.  Logarithmic  differences  are  generally  employed 
in  practice  although  there  are  special  flow  relationships  used,  such  as 
cross-flow,  where  they  do  not  strictly  apply.  With  volatile  refrigerants 
there  is  often  an  appreciable  pressure  drop  and  corresponding  change  in 
evaporating  temperature  through  the  refrigerant  circuit.  The  problem 
is  further  complicated  by  the  fact  that  the  refrigerant  is  evaporating 
in  part  of  the  circuit  and  superheating  in  the  remainder.  In  spite  of  this, 
heat  transfers  and  ratings  for  coils  using  volatile  refrigerants  are  usually 
based  in  practice  on  a  refrigerant  temperature  corresponding  to  the 
average  pressure  in  the  coil. 

The  design  and  surface  arrangement  of  the  coil  includes  such  items  as 
materials,  type,  thickness,  height  and  spacing  of  the  fins,  and  the  ratio 
of  this  surface  to  that  of  the  tube,  the  use  of  the  staggered  or  in-line  tube 
arrangement,  and  provisions  to  increase  the  air  turbulence  such  as  the 
use  of  corrugated  as  against  flat  fins.  Staggered  tubes  increase  the  total 
heat  transfer  as  against  the  in-line  arrangement  and  corrugated  fins  are 
more  effective  than  flat.  Of  especial  importance  is  the  bond  between  fin 
and  tube 

The  velocity  of  the  air  usually  considered  is  the  coil  face  velocity. 
This  bears  a  varied  relation  to  the  actual  velocity  over  the  surface,  de- 
pending upon  the  individual  coil  design.  As  long  as  a  fixed  design  of  coil 
is  under  consideration  face  velocities  may  be  used,  but  they  may  be 
unsatisfactory  in  comparing  different  designs,  as  it  is  the  actual  surface 
velocity  that  is  significant.  The  air  volume  is  often  based  on  standard 
air  at  70  F  and  a  barometric  pressure  of  29.92  in.  Hg.  The  use  of  air 
volume  in  coil  rating  information  may  be  misleading.  The  significant 
value  is  mass  velocity  in  pounds  per  minute  and  not  cubic  feet  per  minute, 
because  for  a  fixed  volume  the  corresponding  weight  may  vary  widely, 
depending  upon  the  air  density,  temperature  and  barometric  pressure 
under  consideration. 

At  the  same  mass  air  velocity,  varying  performance  can  be  obtained 
depending  upon  the  turbulence  of  the  air  flow  into  the  coil  and  upon  the 
uniformity  of  distribution  of  air  over  the  coil  face.  The  latter  is  very  im- 
portant in  obtaining  reliable  test  ratings  and  in  realizing  rated  performance 
in  practical  installations.  The  resistance  through  the  coils  will  assist  in 
properly  distributing  the  air,  but  where  the  inlet  duct  connections  are 
brought  in  at  sharp  angles  to  the  coil  face,  the  effect  is  frequently  bad 
and  there  may  even  be  reverse  air  currents  through  the  coils.  This 
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reduces  the  capacity,  but  can  be  largely  avoided  by  proper  layout  or  by 
the  use  of  directing  baffles. 

The  heat  transfer  depends  also  upon  the  velocity  of  the  medium  in  the 
tubes  and  upon  its  character,  whether  flowing  water,  condensing  steam  or 
evaporating  volatile  refrigerant.  Heat  transfer  rates  expressed  as  Btu 
per  square  foot  of  internal  surface  per  degree  logarithmic  mean  effective 
temperature  difference  between  the  fluid  and  tube  wall  are,  for  example, 
about  150  to  300  for  evaporating  dichlorodifluorome thane,  about  350  to 
1200  for  water  at  2  and  6  fps  and  about  1200  for  condensing  steam.  The 
influence  of  the  medium  in  the  tubes  on  the  overall  heat  transfer  rate  is, 
therefore,  apparent. 

Because  of  these  variables,  reliable  rating  and  performance  information 
for  any  design  of  coil  must  be  based  on  actual  tests  on  that  coil  under  the 
expected  conditions  of  operation.  A  comparison  between  the  perfor- 
mance of  two  designs,  unless  based  on  such  tests  on  each,  may  lead  to 
entirely  erroneous  conclusions. 

PERFORMANCE  OF  HEATING  AND  COOLING  COILS 

Heating  and  cooling  coils  are  essentially  heat  exchangers  and  as  such 
their  performance  depends  in  general  upon: 

1.  The  overall  coefficient  of  heat  transfer  from  the  fluid  within  the  coil  to  the  air  it 

heats  or  cools. 

2.  The  mean  temperature  difference  between  the  fluid  within  the  coil  and  the  air 

flowing  over  the  coil. 

3.  The  physical  dimensions  of  the  coil. 

Thus,  for  any  one  definite  operating  condition,  the  heating  or  cooling 
capacity  of  a  given  coil  is  expressed  by  the  following  basic  formula : 

Q  -  U  X  MTD  X  A  (1) 

where 

Q  =  total  heat  transferred  by  the  coil,  Btu  per  hour. 

U  =  overall  coefficient  of  heat  transfer,  Btu  per  hour  per  square  foot  of  external 
coll  surface  per  degree  Fahrenheit  temperature  difference  between  the 
fluid  within  the  coil  and  the  air  flowing  over  the  coil. 

MTD  =  mean   temperature  difference,   degrees   Fahrenheit   between   the  fluid 
within  the  coil  and  the  air  passing  over  it.    (This  is  commonly  taken  as 
the  logarithmic  mean  temperature  difference). 
A  =  external  surface  area  of  the  given  coil,  square  feet. 

The  performances  of  heating  and  cooling  coils  are  influenced  by  the 
same  factors  in  all  but  one  very  important  exception,  that  is,  when 
cooling  coils  operate  wet  or  act  as  dehumidifying  coils.  For  this  reason, 
in  the  discussion  which  follows,  heating  and  dry  cooling  coils  are  treated 
as  one  group  and  dehumidifying  coils  as  another. 

OVERALL  COEFFICIENT  OF  HEAT  TRANSFER 

Of  all  factors  affecting  the  performance  of  heating  or  cooling  coils,  the 
overall  coefficient  of  heat  transfer  is  the  most  difficult  to  determine  as  it 
in  itself  is  influenced  by  several  factors  depending  upon  coil  design  and 

conditions  of  operation. 
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Considering  any  coil,  whether  of  bare  pipe  or  of  finned  type,  the  overall 
heat  transfer  coefficient  for  a  given  size  and  design  of  coil  can  always  be 
considered  as  a  combined  effect  of  three  individual  heat  transfer  coef- 
ficients, namely: 

1.  The  film  coefficient  of  heat  transfer  between  air  and  the  external  surface  of  the 
coil,  usually  given  in  Btu  per  hour  per  square  foot  external  surface  per  degree  Fahrenheit 
mean  temperature  difference. 

2.  The  coefficient  of  heat  transfer  through  the  coil  material—  tube  wail,  fins,  ribs,  etc. 

3.  The  film  coefficient  of  heat  transfer  between  the  internal  surface  of  the  coil  and 
the  fluid  flowing  within  the  coil,  usually  given  in  Btu  per  hour  per  square  foot  internal 
surface  per  degree  Fahrenheit  mean  temperature  difference. 

These  three  individual  coefficients  acting  in  series  result  in  an  overall 
coefficient  of  heat  transfer  in  accordance  with  the  basic  laws.  For  a  bare 
pipe  coil  the  overall  coefficient  of  heat  transfer,  whether  for  heating  or  for 
cooling  (dry),  can  be  expressed  by  a  simplified  basic  formula  as  follows: 


____ 

A  +  JL  JL  _L  (2) 

Af     "*"      k      "*"     &a 

where 

U  —  overall  coefficient  of  heat  transfer,  Btu  per  hour  per  square  foot  external  surface 
per  degree  Fahrenheit  mean  temperature  difference  between  air  and  fluid  within 
the  coil. 

ftf  =  film  coefficient  of  heat  transfer  between  the  internal  surface  of  the  coil  and  the 
fluid  flowing  within  the  coil,  Btu  per  hour  per  square  foot  internal  surface  per 
degree  Fahrenheit  mean  temperature  difference  between  that  surface  and  the 
average  fluid  temperature. 

&a  =  film  coefficient  of  heat  transfer  between  air  and  the  external  surface  of  the  coil, 
Btu  per  hour  per  square  foot  external  surface  per  degree  Fahrenheit  mean 
temperature  difference  between  the  mass  of  air  and  the  external  surface. 

k  =  conductivity  of  material  from  which  the  bare  pipe  is  constructed,  Btu  per  hour 
per  square  foot  per  degree  Fahrenheit  per  inch  thickness. 

L  =  thickness  of  tube  wall,  inches. 

R  =  ratio  between  external  and  internal  surface  of  the  bare  tube,  usually  varying 
from  1.03  to  1.15  for  the  tube  used  in  typical  heating  or  cooling  coils.  This 
ratio  R  is  inserted  in  the  formula  in  order  to  place  internal  fluid  coefficient  of 
heat  transfer  on  the  basis  of  external  surface. 

Frequently,  when  pipe  or  tube  walls  are  thin  and  of  material  having  high  conductivity 
(as  is  the  case  in  construction  of  typical  heating  and  cooling  coils)  the  term  L  in  Equation 
2  becomes  negligible  and  is  generally  disregarded.  (The  effect  of  the  term  L  in  typical 
bare  pipe  heating  or  cooling  coils  seldom  exceeds  1  to  2  per  cent  of  the  overall  coefficient). 
Thus,  in  its  simplest  form,  for  bare  pipe: 

*  =  ZTi  <3> 

hi     "*"     Aa 

For  finned  coils  the  formula1  for  the  overall  coefficient  of  heat  transfer 
can  be  conveniently  written  : 

l 


U  •• 


R     ,     J_  (4) 

hi     +   **a 


iRatiooal  Development  and  Rating  of  Extended  Air  Cooling  Surface,  by  H.  B. 
Engineering,  October,  1935.  p.  211) 
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in  which  the  term  x,  called  the^iij  efficiency  is  introduced  to  allow  for  the 
resistance  to  heat  flow  encountered  in  the  fins. 

The  term  jR,  in  this  case,  is  the  ratio  of  total  external  surface  to  internal 
surface.  For  typical  designs  of  finned  coils  for  heating  or  cooling,  this 
ratio  varies  from  10  to  30.  The  use  of  this  term  R  is  again  introduced  to 
place  the  internal  fluid  film  coefficient  of  heat  transfer  on  a  basis  of  ex- 
ternal surface. 

Whereas  the  Equation  4  appears  to  be  comparatively  simple,  it  is 
actually  extremely  difficult  to  use  in  practice  due  to  lack  of  handbook 
data  relating  to  its  component  terms  if,  x  and  h*. 

The  difficulty  of  obtaining  the  values  of  terms  ht ,  x  and  Aa  is  due  to  the 
fact  that  they  in  themselves  depend  upon  several  factors. 

The  internal  fluid  film  coefficient,  hf,  depends  upon:  (1)  nature  of  the  fluid — i.e.,  its 
chemical  composition,  (2)  velocity  of  the  fluid  within  the  tubes  or  pipes,  (3)  temperature 
of  the  fluid,  (4)  whether  fluid  is  boiling  or  not,  e.g.,  it  may  be  boiling  refrigerant  or  cold 
water,  (5)^the  rate  of  boiling  or  the  heat  load  upon  unit  area,  and  (6)  whether  the  fluid 
is  condensing,  evaporating  or  liquid  without  changing  state. 

The  air  film  coefficient  of  heat  transfer,  ftg,  in  turn  depends  upon:  (1)  air  velocity 
over  the  tubes  and  the  fins,  (2)  tube  diameter,  (3)  tube  spacing,  (4)  tube  arrangement 
(staggered  or  parallel),  (5)  fin  spacing,  (6)  fin  design  (flat  or  corrugated),  and  (7)  air 
temperature  and  density. 

The  fin  efficiency  term  x  is  even  more  difficult  to  obtain  by  computation  because  it 
involves  very  complicated  differential  equations.  Practically,  however,  it  is  known  that 
the  fin  efficiency  term  x  is  affected  by:  (1)  external  fin  diameter  or  length,  (2)  internal 
fin  diameter,  actual  or  effective,  (3)  fin  thickness,  (4)  material  of  construction,  (5)  fin 
cross-section  area  in  radial  direction,  and  (6)  bond  between  fins  and  pipe  or  tubes. 

From  the  foregoing,  it  is  obvious  that  rating  or  selection  of  cooling  or 
heating  coils  requires  careful  consideration  of  all  factors  involved  and 
that  hasty  application  of  the  involved  theory  is  apt  to  produce  unsatis- 
factory results. 

Fortunately,  for  all  practical  purposes,  many  of  the  complex  relation- 
ships given  above  can  be  combined  into  one  and  the  effect  be  measured 
by  laboratory  tests  with  a  comparative  simplicity  for  any  one  given 
coil  under  fixed  conditions  of  operation. 

Thus,  for  a  given  coil  design,  either  for  heating  or  for  dry  cooling,  its 
overall  coefficient  of  heat  transfer  can  be  expressed  by  a  simple  empirical 
formula: 

V  -  CW*  (5) 

where 

U  =  overall  coefficient  of  heat  transfer,  Btu  per  hour  per  square  foot  external  surface 
per  degree  Fahrenheit  mean  temperature  difference  between  air  and  internal 
fluid. 
W  —  air  mass  velocity,  pounds  per  hour  per  square  foot  of  coil  face  area. 

n  —  exponent  depending  upon  air  turbulence  which  is  affected  by:  (1)  tube  diame- 
ter, (2)  tube  spacing  and  arrangement,  (3)  fin  design  and  spacing,  and  (4)  coil 
depth.  For  values  of  n  for  typical  cooling  coils  see  Table  1. 

C  =  constant  which  is  dependent  upon  all  other  factors  affecting  U  as  explained  in 
the  previous  discussion. 

GRAPHICAL  SOLUTION  OF  A  COIL  CAPACITY  PROBLEM 

After  the  value  of  the  overall  coefficient  of  heat  transfer  for  any  given 
cooling  or  heating  coil  has  been  determined,  it  remains  to  compute  the 
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coil  capacity  in  relation  to  the  total  air  flow  over  the  coil  as  well  as  in 
relation  to  the  overall  coefficient  of  heat  transfer. 

The  capacity  of  any  heating  or  dry  cooling  coil  can  be  expressed  by 
either  one  of  the  two  following  equations: 

Q,  =  w  X  0,24  X  (/i  -  tf  (6) 

where 

Qi  =  total  coil  capacity,  Btu  per  hour. 

W  =  total  weight  of  air  passing  over  the  coil,  pounds  per  hour. 
0.24  =  specific  heat  of  air,  Btu  per  pound  per  degree  Fahrenheit. 
h  -  tt  =  difference  in  temperature  of  air  entering  and  leaving  coil,  degrees 
Fahrenheit. 

and 

ft  =  U  X  MTD  X  A  (7) 

where 

Qt  =  total  coil  capacity,  Btu  per  hour. 

U  =  overall  coefficient  of  heat  transfer  between  the  air  and  the  fluid 
within  the  coil,  Btu  per  hour  per  square  foot  per  degree  Fahrenheit. 
MTD  =  logarithmic  mean  temperature  difference,  degrees  Fahrenheit. 
A  =  total  external  coil  surface,  square  feet. 

Obviously,  the  closer  the  leaving  air  temperature  approaches  the  tem- 
perature of  the  fluid  within  the  coil,  the  greater  will  become  the  value  of 
the  total  capacity,  Qi,  as  determined  by  Equation  6,  because  h  —  fe 
increases;  and  on  the  other  hand,  the  smaller  will  become  the  total 
capacity  as  computed  by  Equation  7,  because  MTD  decreases.  Since 
the  Equations  6  and  7  are  independent  of  each  other,  the  graphical 
balance  between  them  is  the  simplest  method  of  solution.  A  typical 
graphical  approach  to  solution  of  the  coil  capacity  is  shown  in  Fig.  12. 
Obviously,  the  heat  loss  or  gain  in  the  heating  or  cooling  medium  must 
equal  the  heat  gain  or  loss  of  the  air.  Therefore,  the  actual  coil  capacity 
must  lie  at  the  intersection  of  the  straight  line  curve  representing  Equa- 
tions 6  and  7. 

COIL  PERFORMANCE  OPERATING  WITH  DEHUM1DIFICATION 

The  foregoing  theory  pertaining  to  heating  and  cooling  coils  (operating 
dry)  applies  equally  to  the  performance  of  cooling  coils  operating  with 
dehumidification.  However,  there  are  also  other  factors  which  affect  the 
performance  of  cooling  coils  operating  wet  which  have  no  influence  on 
either  heating  coils  or  cooling  coils  operating  without  dehumidification. 

Since  the  force  which  causes  condensation  of  moisture  from  the  air 
upon  the  external  surface  of  the  cooling  coil  has  its  origin  in  the  vapor 
pressure  difference  between  the  mass  of  air  passing  over  the  coil  and  that 
corresponding  to  temperature  of  the  wetted  coil  surface,  it  is  obvious  that 
the  latent  coefficient  of  heat  transfer  depends  upon  several  factors: 

1.  The  average  dew-point  temperature  of  the  air  passing  over  the  cooling  coil. 

2.  _The  average  temperature  of  the  external  coil  surface  (fins  and  tubes)  exposed  to 

the  air  stream. 

3.  Other  factors  applicable  to  dry  cooling  coils,  as  discussed,  also  affect  the  coefficient 

erf  Intent  heat  transfer. 
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Furthermore,  the  coil  may  be  wet  throughout  or  wet  at  the  cooler 
points  and  dry  elsewhere.  In  the  latter  case  the  action  is  partly  as  a  dry, 
and  partly  as  a  dehumidifying  surface.  As  it  is  difficult  to  determine  the 
proportions,  approximations  must  be  used.  Since  the  dew-point  tem- 
perature of  the  air  passing  over  the  coil  is  dependent  upon  the  inside  and 
outside  atmospheric  design  conditions,  it  is  not  subject  to  control  at  will 
and  must  be  accepted  as  found.  Consequently,  regulation  of  the  average 
temperature  of  the  external  coll  surface  is  the  primary  means  for  con- 
trolling the  moisture  removal  from  the  air  passing  over  the  coIL 

Total  Capacity  of  Coil  Operating  With  Dehumidification 

While  a  coil  operating  dry  transfers  heat  to  or  from  the  air  by  merely 
changing  the  temperature  of  the  air,  the  cooling  coil  operating  wet  also 


TEMPERATURE  OF  AIR  LEAVING  COIL,  DEG  FAHR 

FIG.  12.    CAPACITY  BALANCE  CHART  FOR  DRY  COOLING  COIL 

transfers  heat  from  the  air  by  condensing  some  of  the  moisture  carried 
by  it.  Because  of  this,  the  dry  coils  are  said  to  transfer  sensible  heat  only, 
while  the  wet  cooling  coils  are  said  to  transfer  latent  as  well  as  sensible 
heat.  The  sum  of  sensible  and  latent  heat  transferred  by  a  dehumidifying 
cooling  coil  is  the  total  heat.  For  practical  reasons,  the  latent  heat  removal 
capacity  of  cooling  coils  is  usually  given  as  a  percentage  of  the  total  heat 
removal,  and  this  percentage  is  called  the  heat  load  ratio. 

Although  much  research  has  been  already  conducted  and  more  is  in 
progress,  there  is  no  general  agreement  as  to  the  most  satisfactory  and 
convenient  manner  in  which  to  rate  dehumidifying  coils.  A  large  number 
of  methods  are  now  in  use,  most  of  them  combinations  of  theory  and 
empirical  presentations  of  test  data.  Information  is  given,  usually  in  the 
form  of  tables  or  curves  to  determine  the  total  cooling  capacity,  with 
supplementary  devices  to  ascertain  the  proportions  of  sensible  and  latent. 
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Some  of  the  methods  now  used  require  trial  and  error  solutions  and  others 
are  of  very  questionable  accuracy,  although  the  error  may  be  small  when 
applied  within  narrow  limits  of  the  several  variables. 

In  rating  dehumidifying  coils,  there  are  two  requirements.  The  total 
capacity  must  be  determined  and  the  proportion  of  sensible  and  latent 
heat  transfer  ascertained.  These  determinations  often  involve  an  average 
coil  surface  temperature.  This  may  be  determined  experimentally  by  the 
use  of  thermocouples  or  calculated  theoretically  from  other  test  data. 
Sometimes,  a  fictitious  effective  temperature  is  used,  determined  by  the 
point  of  intersection  between  the  saturation  curve  on  the  psychrometric 
chart  and  a  straight  Sine  drawn  through  points  representing  the  entering 
and  leaving  air  conditions. 

The  total  cooling  capacity  is  determined  in  a  variety  of  ways,  of  which 
the  following  are  the  most  usual : 

1.  The  use  of  surface  or  overall  heat  transfer  coefficients  in  conjunction  with  dry-bulb 
mean  temperature  differences.    The  result  is  corrected  for  dehumidification  by  means  of 
functions  for:      (1)  the  temperature  differences,  (2)  the  expected  total  to  sensible  load 
ratio,  and  (3)  empirical  factors  determined  from  test. 

2.  The  use  of  surface  or  overall  coefficients  for  combined  sensible  and  latent  heat 
removal  with  a  wet  coil,  using  as  the  driving-  force  the  difference  between  enthalpy  of 
the  entering  air  and   that  of  saturated  air  at  either  the  surface  or  the  refrigerant 
temperature. 

3.  The  calculation  of  sensible  and  latent  capacities  separately.    The  sensible  is  based 
pfi  dry-bulb  mean  temperature  difference  and  heat  transfer  coefficient  while  the  latent 
is  determined  using  a  dew-point  mean  difference  and  a  corresponding  latent  heat  transfer 
coefficient* 

4.  The  use  of  a  contact  factor  or  ratio  of  heat  removed  to  heat  removable.    This  factor 
is  a  function  of  coil  depth  and  air  velocity,  is  experimentally  determined  for  each  design 
and  used  in  conjunction  with  a  so-called  surface  temperature. 

Average  Effective  Coil  Temperature 

The  relationship  between  the  average  external  coil  surface  temperature 
and  the  dehumidifying  capacity  of  cooling  coils  has  been  studied  by 
several  investigators  and  their  studies  have  established  an  empirical  but 

practically  accurate  rule: 

If  air  at  given  conditions  of  dry-  and  wet-bulb  temperature  is  passed  over  a  cooling 
coil  of  «w4rte«I  external  surface  temperature,  then  the  latent  heat  removed  by  the  coil  is 
always  a  definite  percentage  of  the  total  heat  removed — this  is  practically  so  regardless 

of  the  air  velocity  over  the  coil,  the  coil  design,  the  kind  of  cooling  medium  within  the 

coil  or  its  flow  characteristics. 

It  is  obvious  that  coil  designs  and  the  common  cooling  mediums  em- 
ployed do  not  result  in  a  uniform  external  coil  surface  temperature; 
however  this  uniform  condition  is  not  necessary  for  the  rule  to  be  usefully 
applied.  All  that  is  needed  is  that  a  method  be  found  for  determining  the 
average  Integrated  effective  external  overface  temperature.  The  actual 
temperatures  of  the  various  parts  of  fins  or  tubes  have  relatively  little 
effect  upon  ^the  ratio  of  latent  to  total  heat  transfer.  This  rule  is  of 
importance  in  the  testing,  rating  and  selection  of  cooling  and  dehumidi- 
fying ^coils^  when  the  straight  line  method  is  used  for  finding  the  average 
effective  coil  surface  temperature. 

If  a  psychrometric  chart  is  constructed  so  that  equal  increments  along 
the  horizontal  axis  represent  equal  changes  in  sensible  heat  content  and 
equal  increments  along  the  vertical  axis  represent  equal  changes  in  latent 
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heat  content  of  air,  then  on  such  a  chart  the  performance  of  a  dehumidi- 
fying  cooling  coil  may  be  conveniently  represented  by  a  straight  line,  as 
shown  in  Fig.  13.  Point  ^4  represents  the  condition  of  return  or  recircu- 
lated  air,  point  B  that  of  outside  air,  point  C  the  mixture  of  %  recirculated 
air  with  J^  outside  air,  point  D  represents  the  condition  of  air  leaving  the 
cooling  coil,  and  point  E  represents  the  average  effective  temperature  of 
the  external  cooling  coil  surface.  On  Fig.  13  the  horizontal  distance 
between  points  C  and  D  represents  the  sensible  heat  removed  from  the 
air,  while  the  vertical  distance  represents  the  weight  of  moisture  or  the 
latent  heat  removed  from  the  air.  Another  important  practical  feature 
is  that  a  line  drawn  anywhere  else  within  the  body  of  the  chart  parallel 
to  the  line  C-E  represents  the  same  ratio  of  latent  to  total  heat  removal 
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PSYCHROMETRIC  CHART  SHOWING  STRAIGHT-LlNE  METHOD 
FOR  REPRESENTING  COIL  PERFORMANCE 


as  does  line  C-E.  This  is  due  to  the  fact  that  equal  vertical  distances 
anywhere  on  the  chart  represent  equal  quantities  of  latent  heat  and  equal 
horizontal  distances  represent  equal  quantities  of  sensible  heat. 

To  enhance  the  practical  usefulness  of  the  psychrometric  chart  illus- 
trated in  Fig.  13,  a  set  of  marked  master  slope  fines  are  included.  The 
value  of  this  arrangement  is  easily  illustrated  by  the  graphical  example 
shown. 

Example  1.  To  determine  the  required  average  effective  external  coil  surface  tem- 
perature. Gimn:  (1)  Air  entering  cooling  coil  at  temperature  of  83  F  dry-bulb  and  69  F 
wet-bulb.  (2)  Ratio  of  latent  to  total  heat  that  must  be  removed  from  air  is  35  per  cent. 
Required:  To  find  the  average  external  coil  surface  temperature, 

Solution.  (1)  Draw  through  point  Nt  at  the  origin  of  the  heat  load  ratio  lines,  a  line 
N-Q  with  a  slope  of  35  per  cent  in  accordance  with  scale  S.  (2)  Mark  in  the  body  of  the 
chart,  point  P  representing  the  condition  of  air  entering  the  cooling  coil  at  83  F  dry-bulb 
and  69  F  wet-bulb.  (3)  Through  point  P  draw  a  line  P-Q  parallel  to  line  N-0.  (4)  The 
line  P-Q  intersects  the  saturation  curve  at  51  F,  which  means  that  the  effective  external 
coil  surface  temperature  must  be  maintained  at  51  F  in  order  to  obtain  the  desired  35  per 
cent  latent  to  total  ratio  of  heat  removal  from  the  air  passing  over  the  given  cooling  coil. 
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Overall  Coefficient  of  Heat  Transfer 

The  overall  coefficient  of  heat  transfer  for  cooling  coils  operating  with 
dehumidification  is  actually  a  sum  of  two  overall  coefficients:  (1)  the 
sensible  overall  coefficient  due  to  flow  of  sensible  heat  under  the  pressure 
of  temperature  difference  between  the  air  and  the  cooling  medium  and 
(2)  the  latent  overall  coefficient  due  to  flow  of  the  latent  heat  of  con- 
densation from  the  moisture  condensed  due  to  difference  in  temperature 
between  air  dew-point  and  the  external  coil  surface. 

The  relationship  of  the  sensible  and  latent  overall  coefficients  to  the 
average  external  coil  surface  temperature  and  the  temperature  of  the 
cooling  medium  within  the  coil  is  very  complicated  and,  therefore,  not 
subject  to  practical  computations.  Fortunately,  an  empirical  relation- 
ship has  been  established  by  experimental  data  which  permit  a  practical 
means  of  determining  heat  transfer  in  cooling  coils  operating  with  dehu- 
midification. 

On  the  basis  of  experimental  data,  it  has  been  established  that  the 
total  heat  (sensible  plus  latent)  transferred  to  a  dehumidifying  cooling 
coil  by  the  air  passing  over  it  is  for  all  practical  purposes  a  function  of  the 
difference  between  the  wet-bulb  temperature  of  the  air  and  the  external 
coil  surface  temperature.  The  general  formula  for  total  (cooling  and 
dehumidification)  capacity  of  any  given  wet  cooling  coil  operating  at  a 
definite  fixed  set  of  conditions  can  be  expressed  by  the  equation  : 

Q  -  U  X  MTD  X  A  (8) 

where 

Q  =  total  (sensible  and  latent)  heat  transferred  by  the  coil,  Btu  per  hour. 
U  =  overall  total  (sensible  plus  latent)  coefficient  of  heat  transfer,  Btu  per  hour 

per  square  foot  of  external  coil  surface  per  degree  Fahrenheit  difference 

between  the  wet-bulb  temperature  of  the  air  passing  over  the  coil  and  the 

temperature  of  the  cooling  medium  within  the  coil. 
MTD  =*  mean  temperature  difference,  degrees  Fahrenheit  between  the  wet -bulb 

temperature  of  the  air  passing  over  the  coil  and  the  temperature  of  the 

cooling  medium  within  the  coil. 
A  =  external  surface  area  of  the  given  coil  (fins  and  tubes),  square  feet. 

The  primary  difficulty  which  accompanies  the  use  of  Equation  8  is 
that  further  computations  are  necessary  to  obtain  the  average  (effective) 
external  coil  surface  temperature  before  the  latent  to  total  heat  removal 
ratio  can  be  ascertained.  A  practical  means  of  determining  effective  coil 
surface  temperature  has  been  determined2. 

For  all  practical  purposes  the  performance  of  a  given  cooling  coil 
(operating  wet  or  dry)  can  be  presented  in  a  graphical  form  without 
sacrifice  of  accuracy  within  the  limits  of  most  air  conditioning  practice. 
A^  typical  graphica^  presentation  of  a  cooling  coil  performance  (operating 
with  dehumidification),  is  shown  in  Fig.  14.  An  analysis  of  this  chart 
indicates  how  a  given  coifs  performance  may  be  affected  by  a  change  in 
any  of  the  variables  enumerated  herewith. 

1.  Wet-bulb  temperature  of  air  entering  the  coil,  degrees  Fahrenheit. 

2.  The  average  (effective)  external  coil  surface  temperature,  degrees  Fahrenheit. 

C^dti 
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3.  Mass  air  velocity  through  the  cooling  coll,  pounds  per  hour  per  square  foot  coll  face 
area.  (This  mass  velocity  includes  linear  velocity  as  fpm  and  air  density  as  pounds 
per  cubic  foot). 

Construction  of  a  coll  capacity  chart  such  as  shown  in  Fig.  14  is  accom- 
plished as  outlined  herewith  : 

1.  A  series  of  tests  are  run  to  determine  the  sensible,  latent  and  total  coil  capcity, 
changing  one  at  a  time  such  variables  as:    air  velocity,  inlet  air  dry-bulb,  inlet  air  wet- 
bulb,  average  refrigerant  temperature  within  the  coil,  and  total  load  upon  the  coil, 

2.  From  test  data  obtained  in  (1)  the  ratio  of  latent  to  total  heat  removal  is  computed 
for  various  test  runs  and  tabulated  against  the  wet-bulb  temperature  of  air  at  coil  inlet 
and  total  coil  capacity. 
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FIG.  14.   TYPICAL  COIL  PERFORMANCE  CHART 


3,  The  three  axes  of  the  noxnogram  on  the  left  side  of  the  chart  are  drawn  in  such  a 
manner  that  the  C  axis  represents  the  differences  in  total  heat  content  between  the  air 
at  wet-bulb  temperature  along  B  axis  and  air  at  wet-bulb  temperature  along  A  axis. 
Thus,  the  C  axis  represents  the  total  heat  (Btu  per  pound  of  air,  sensible  and  latent) 
which  could  be  removed  from  the  air  at  some  inlet  wet-bulb  temperature  on  B  axis  if 
the  coil  heat  transfer  efficiency  were  100  per  cent  and  the  wet-bulb  temperature  of  the 
air  could  be  reduced  to  some  average  (effective)  external  coil  temperature  on  A  axis. 
For  example  if  a  straight  line  is  drawn  through  72  F  wet-bulb  temperature  of  entering  air 
OE  axis  B  and  the  55  F  average  effective  coil  (external  surface)  temperature  on  axis 

*  B,  then  this  straight  line  will  intersect  the  C  axis  at  12.6,  which  figure  represents  the 
difference  in  total  heat  content  of  air  between  72  and  55  F  wet-bulb  temperature, 

4,  Next  scale  Q  is  drawn  to  cover  the  range  of  the  likely  practical  loading  for  the 
given  coil  in  Btu  per  hour  per  square  foot  coil  face  area. 

5,  Lastly,  the  diagonal  mass  air  velocity  lines  are  drawn  in  at  the  intersection  of 
various  values  on  C  axis  and  the  corresponding  values  on  the  Q  scale.    The  values  on 
the  Q  scale  corresponding  to  various  values  on  C  axis  are  obtained  by  multiplying  the 
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values  on  C  axis  by  mass  air  velocity  and  by  heat  transfer  efficiency  of  the  given  coil 
which  depends  upon  coil  design  and  refrigerant  used. 

6.  Parallel  to  the  Q  scale  is  also  shown  what  is  commonly  referred  to  as  the  A£  scale. 
Ftiis  scale  gives  the  difference  between  the  average  effective  coil  (external  surface) 
temperature  and  the  average  temperature  of  refrigerant  within  the  coil.  As  shown  in 
Fig,  14,  the  Af  scale  applies  only  to  a  direct  expansion  coil  of  one  definite  physical 
design.  Any  change  in  coil  design  usually  results  in  chanpe  of  A/  values. 

Coils  with  Water  as  the  Cooling  Medium 

All  that  has  been  brought  out  in  discussion  of  the  coil  capacity  chart  In 
Fig.  14,_with  the  exception  of  the  A/  scale,  holds  equally  well  for  coils 
employing  either  vapor  refrigerant  or  water  as  the  cooling  medium. 


TOTM.  COIL  CAPACITY,  BTU  PER  HOUR 


temp-Met  water  temp  4- 1  tonp 
use  m  cat  +  At 


FIG.  15.    WATER  COIL  PERFORMANCE  CHART 

However,  the  Al  scale  as  shown  is  applicable  only  to  direct  expansion" 
ceils,  i.e.  coils  employing  some  volatile  refrigerant  as  the  cooling  medium. 

Determination  of  the  difference  between  the  average  effective  coil 
(external  surface)  temperature  and  the  average  water  temperature  within 
the  coil,  necessary  to  transfer  the  heat  from  the  coil  surface  to  the  water, 
calls  for  a  graphical  solution  similar  to  that  shown  on  Fig.  15.  When 
this  chart  is  used  in  conjunction  with  Fig.  14  a  simple  and  rapid  means, 
is  provided  for  determining  the  cooling  and  dehumidification  capacity 
of  coils  employing  water  (or  brine)  as  the  cooling  medium. 

Factors  affecting  the  performance  of  coils  employing  water  as  the 
cooling  medium  besides  those  shown  on  Fig.  14  are: 

I.  'Quantity  d  mater  flow  through  the  coil,  usually  in  gpm  or  lb  per  hour. 
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2.  Water  velocity  in  tubes,  usually  in  fpm.    (This  depends  on  internal  tube  diameter 
as  well  as  the  number  of  water  circuits). 

3.  Coil  design  factor  which  represents  the  ratio  of  external  fin  and  tube  surface  to 
internal  tube  surface. 

4.  The  water  temperature  rise  through  the  coil,  degrees  Fahrenheit. 

Performance  of  Coils  and  Refrigeration  Compressor 

Practically  all  data  published  by  various  makers  of  direct  expansion 
cooling  coils  are  based  upon  maintaining  a  predetermined  refrigerant 
temperature  within  the  coils.  While  it  is  often  possible  to  maintain  a 
definite  refrigerant  temperature  within  a  given  cooling  coil,  for  the  greater 
part  it  is  either  impossible  or  impractical.  This  is  due  to  the  fact  that 
the  capacity  of  standard  refrigeration  compressors  is  usually  fixed  and  in 
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FIG.  16.    GRAPHICAL  ANALYSIS  OF  COIL-COMPRESSOR  PERFORMANCE 

matching  a  given  cooling  coil  with  a  standard  compressor  the  capacity 
of  the  latter  is  often  somewhat  smaller  or  greater  than  that  of  the  former. 
Consequently,  very  often  the  refrigerant  temperature  resulting  within  a 
cooling  coil  and  correspondingly  the  capacity  of  the  coil-compressor  com- 
bination are  not  what  they  were  originally  calculated  to  be. 

In  order  to  determine  the  actual  performance  of  a  given  coil-compressor 
combination  under  varying  conditions  of  operation,  a  graphical  solution 
of  the  balance  or  "break-even"  point  is  highly  desirable.  A  typical 
method  of  graphical  analysis  of  a  coil-compressor  combination  per- 
formance is  shown  in  Fig.  16,  which  is  constructed  in  a  manner  described 
herewith : 

1.  On  a  piece  of  graph  paper  (with  a  uniform  scale),  the  equipment  capacity  scale, 
total  Btu  per  hour,  is  laid  out  along  the  vertical  axis  while  the  refrigerant  suction  tem- 
perature scale  is  laid  out  along  the  horizontal  axis. 
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2.  The  performance  curve  of  a  given  compressor  with  a  definite  condenser  (com- 
bination usually  called  a  c^ndmsini  unit)  is  plotted  as  a  function  of  suction  temperature 
corresponding  to  the  saturation  suction  pressure  at  the  compressor  suction  service  valve 
for  a  given  inlet  water  temperature  and  quantity  supplied  to  the  condenser. 

3.  The  performance  curve  of  the  given  cooling  coil  is  next^  plotted  as  a  function  of 
mean  suction  temperature  within  the  coil,  the  mass  air  velocity  over  the  coil  and  the 
wet-bulb  temperature  of  air  entering  the  coil. 

4.  The  refrigerant  pressure  drop  between  the  center  of  the  cooling  coil  and  the  com- 
pressor suction  service  valve  is  computed  and  converted  into  the  terms  of  temperature- 
difference.     This  temperature  difference  is  then  fitted  In  horizontally  between  the 
performance  curves  of  the  cooling  coil  and  the  compressor,  as  shown ^  and  the  total 
capacity  of  the  coil-compressor  combination  Is  read  along  the  horizontal  line  upon  which 
the  above  mentioned  tmperaturt-diffcrencc  segment  falls, 

COIL  SELECTION 

In  the  selection  of  a  coil  It  is  necessary  to  consider  several  factors: 

1.  The  duty  required — heating,  cooling,  dehumidifying. 

2.  Temperature  of  entering  air — dry-bulb  only  If  there  Is  no  dehumidlfication,  dry- 
and  wet-bulb  if  moisture  is  to  be  removed. 

3.  Available  heating  and  cooling  media. 

4.  Space  and  dimensional  limitations. 

5.  Air  quantity  limitations. 

6.  Allowable  resistances  In  air  circuit  and  through  tubes. 

7.  Peculiarities  of  individual  designs  of  coils. 

8.  Individual  Installation  requirements,  suchf  for  example,  as  type  of  automatic  con- 
trol to  be  used. 

The  duties  required  may  be  determined  from  information  in  Chapters  3, 
4,  5  and  8.  There  may  or  may  not  be  a  choice  of  cooling  and  heating 
media,  as  well  as  temperatures  available,  depending  upon  whether  the 
installation  is  new  or  is  in  combination  with  present  sources  of  heating  or 
cooling.  Space  limitations  are  dictated  by  the  requirements  of  individual 
cases.  The  air  quantity  is  influenced  by  a  number  of  considerations.  The 
air  quantity  through  heating  coils  is  often  made  the  same  as  that  necessary 
to  handle  the  summer  cooling  load.  The  air  handled  may  be  fixed  by  the 
use  of  old  ventilating  ducts  as  an  air  distribution  system  for  new  air 
conditioning  apparatus,  or  may  be  dictated  by  requirements  of  satisfac- 
tory air  distribution  or  ventilation.  The  resistance  through  the  air 
circuit  influences  the  fan  horsepower  and  speed.  This  resistance  may  be 
limited  to  allow  the  use  of  a  given  size  of  fan  motor,  or  to  keep  the  opera- 
ting expense  low,  or  it  may  be  limited  by  the  maximum  fan  peripheral 
velocity  which  requirements  of  quietness  may  permit.  The  friction 
through  the  water  or  brine  circuit  may  be  dictated  by  the  head  available 
from  a  given  size  of  pump  and  pump  motor.  As  the  fan  and  pump  motor 
Inputs  represent  a  refrigerating  load  on  cooling  installations,  it  is  eco- 
nomical to  keep  them  low. 

Proper  performance  of  a  surface  heating  or  cooling  coil  depends  upon 
correct  choice  of  the  original  equipment  and  upon  certain  other  factors. 
The  usual  coil  ratings  are  based  on  a  uniform  face  velocity  or  air.  If  the 
air  is  brought  in  at  odd  angles  or  if  the  fan  is  located  so  as  to  block  part  of 
the  air  flow,  the  performance  as  given  in  the  manufacturer's  ratings 
cannot  usually  be  obtained.  To  obtain  this  performance  it  is  necessary 
also  that  the  air  quantity  be  adjusted  on  the  job  to  that  used  In  deter- 
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mining  the  coil  selection,  and  must  also  be  kept  at  this  value.  The  most 
common  causes  for  a  reduction  of  air  quantity  are  the  fouling  of  the  filters 
and  collection  of  dirt  in  the  coils.  These  difficulties  can  be  avoided  by 
proper  design  and  proper  servicing.  There  are  a  number  of  ways  in  which 
coils  may  be  cleaned.  A  common  method  is  to  wash  them  off  with  water. 
They  can  sometimes  be  brushed  and  cleaned  with  a  vacuum  cleaner,  In 
bad  cases  of  neglect,  especially  on  restaurant  jobs  where  grease  and  dirt 
have  accumulated,  it  is  sometimes  necessary  to  remove  the  coils  and  wash 
off  the  accumulation  with  steam,  compressed  air  and  water,  or  hot  water. 
The  most  satisfactory  solution,  however,  is  to  keep  the  filters  serviced, 
and  thus  make  the  cleaning  of  the  coils  unnecessary. 

The  proper  selection  of  coils  requires  an  understanding  of  the  necessities 
of  each  case  and  should  be  based  on  an  economic  analysis  of  the  plant 
design  as  a  whole.  No  general  rule  can,  therefore,  be  laid  down  for  the 
selection  of  heating  or  cooling  coils.  It  is  possible,  however,  to  point  out 
the  limits  of  usual  practice  and  to  indicate  the  influence  of  the  variables 
involved  in  the  coil  selection. 

Heating  Coils 

Steam  and  hot  water  heating  coils  are  usually  rated  within  these  limits: 
Air  Face  Velocity— 200  to  1200  fpm,  sometimes  up  to  1500  fpm. 
Steam  Pressure — 2  to  200  Ib,  sometimes  up  to  350  Ib  per  square  inch. 
Hot  Water  Temperature— 150  to  225  F. 
Water  Velocity— 2  to  6  fps. 

Individual  cases  may  deviate  widely,  but  the  tabulation  given  herewith 
will  serve  as  a  guidp  to  usual  heating  practice: 

Air  Face  Velocity — 500  to  800  fpm  face,  500  being  a  common  figure. 

Delivered  Air  Temperature — varies  from  about  72  F  for  ventilation  only  to  about 
150  F  for  complete  heating. 

Steam  Pressure — 2  to  10  Ibf  5  Ib  being  common. 

Hot  Water  Temperature— 150  to  225  F. 

Water  Velocity— 2  to  6  fps. 

Water  Quantity — Based  on  about  20  F  temperature  drop  through  a  hot-water  coil. 

Air  Resistance — The  total  resistance  through  heating  coils  is  usually  limited  to  from 
H  to  %  in.  of  water  gage  for  public  buildings,  to  about  1  in.  for  factories. 

The  selection  of  heating  coils  is  relatively  simple  as  it  involves  dry-bulb 
temperatures  and  sensible  heat  only,  without  the  complication  of  simul- 
taneous latent  heat  loads,  as  in  cooling  coils.  For  a  given  duty,  entering 
air  temperature,  and  steam  pressure  it  is  possible  to  select  several  arrange- 

TABLE  2.   SEVERAL  HEATING  COIL  ARRANGEMENTS 


SELECTION 

1 

2 

3 

Steam  pressure,  Ib  per  sq  in  

5 

5 

5 

Temperature  of  air  entering  coil 
Temperature  of  air  leaving  coil, 

Air  quantity,  cfm. 

,  deg  F  
deg  F  

40 
129 
10,000 

40 
129 
10,000 

40 
129 
10,000 

Coil  face  area,  sq  ft. 

33.3 

12.5 

7.50 

Coil  rows  deep.  
Face  velocity,  fpm  

Air  friction,  in.  water  

.........  —  „,.  —  ...„, 

2 
300 
0.044 

3 
800 
0,396 

4 
1330 
1.077 
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ments  of  the  same  design  of  coil  depending  upon  the  relative  importance 
of  space,  cross-sectional  area,  and  air  resistance.  Table  2  shows  an 
example. 

Cooling  Coils 

The  usual  range  of  ratings  for  cooling  and  dehumidifying  coils  are 
enumerated  herewith : 

Entering  Air  Dry-Bulb— 60  to  100  F. 

Entering  Air  Wet-Bulb— 50  to  80  F. 

Air  Face  Velocities— 300  to  800  fpm,  (sometimes  as  low  as  200  and  as  high  as  1200). 

Volatile  Refrigerant  Temperatures— 25  to  55  F,  at  coll  suction  outlet. 
Water  Temperatures — 40  to  65  F. 

Water  Quantities— 2  to  6  gpm  per  ton,  or  equivalent  to  a  water  temperature  range  of 
from  4  to  12  F. 

Water  Velocity— 2  to  6  fps. 

The  ratio  of  total  to  sensible  heat  removed  varies  in  practice  from  1.00 
to  about  1.65,  i.e.,  sensible  heat  is  from  60  to  100  per  cent  of  total, 
depending  on  the  application,  (See  Chapter  20,  Table  1).  Required 
ratios  may  demand  wide  variations  in  air  velocities,  refrigerant  tempera- 
tures, and  coil  depth,  so  that  general  rules  as  to  these  values  may  be 
misleading.  On  usual  comfort  installations  air  face  velocities  between 
400  and  600  fpm  are  frequent,  500  being  a  common  value.  Refrigerant 
temperatures  will  ordinarily  vary  between  40  and  50  F  where  cooling  is 
accompanied  with  dehumidification.  Water  velocities  will  range  from 
2  to  about  6  fps. 

When  no  dehumidificatioa  is  desired,  for  which  condition  the  dew-point 
of  the  entering  air  will  be  equal  to  or  lower  than  the  cooling  coil  tempera- 
ture, the  coil  selection  is  made  on  the  basis  of  dry-bulb  temperatures  and 
sensible  heat  transfers  only,  the  same  as  with  heating  coils.  It  is  possible 
also  to  choose  various  arrangements  of  face  area,  depth,  air  velocity,  etc., 
for  the  same  duty,  as  illustrated  in  Table  2  for  a  steam  coil. 

Dehumidifying  Cols 

The  selection  of  coils  for  combined  cooling  and  dehumidifying  duty  is 
more  involved  than  for  heating  or  sensible  cooling  and  requires  con- 
sideration of  both  dry-  and  wet-bulb  air  temperatures.  It  is  further 
complicated  by  the  fact  that  the  proportional  amount  of  dehumidification 

required  is  also  highly  variable.  The  methods  outlined  previously  under 
Heat  Transfer  and  Resistance  may  be  used  to  determine  whether  it  is 
possible  for  a  coil  to  perform  the  duty  required.  If  entering  and  leaving 
air  conditions  arc  arbitrarily  specified,  the  corresponding  duty  sometimes 
cannot  be  obtained  at  all  without  the  use  of  reheat.  As  with  heating  and 
sensible  cooing  coils,  there  are  combinations  of  face  areas,  depth,  air 
velocity  and  refrigerant  temperatures  which  will  give  the  required  per- 
formance. This  is  illustrated  in  Table  3. 

It  is  possible  as  shown  in  Table  3  to  perform  approximately  the  same 
duty  at  a  given  refrigerant  temperature  with  small  face  area  and  large 
thickness  or  vice  versa.  The  large  face  area  coil  will  give  low  air  velocity 
mad  resistance  but  high  ak  quaa titles  per  ton.  The  coil  of  small  face  area 
and  great  depth  will  require  small  air  quantities  per  ton  of  refrigeration, 
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TABLE  3.    VARIOUS  COOLING  COIL  ARRANGEMENTS 


SELECTION 


1 


Total  cooling  capacity,  tons  
Sensible  cooling  capacity,  tons... 
Latent  cooling  capacity,  tons.  
Ratio  total  to  sensible  heat  
Air  quantity,  cfm  
Cfm  per  total  ton  

100 
69 
31 
1.45 
47,800 
478 
325 
0.11 
147 
4 
45 

100 

i        69 
i        31 

:         1.45 
,41,700 
i      417 
'      423 
0.27 
99.0 
6 
45 

i       100 
{        69 
31 
1.45 
37,100 
i      371 
.      500 
1          0.51 
74.2 
!          8 
i        45 

100 
69 
31 
1.45 

46,800 
458 
600 
0.37 

78.1 
4 
38 

Face  velocity,  fpm  „  
Resistance,  in.  water  —  
Coil  face  area,  sq  ft.  —  
Coil  rows  deep  
Coil  evaporator  temp,  deg  F  

high  resistance  and  high  air  velocities.  As  shown  also  in  Table  3  the  same 
sensible,  latent  and  total  cooling  capacity  may  be  obtained  with  various 
refrigerant  temperatures  by  proper  choice  of  coil.  This  makes  it  possible 
to  keep  the  evaporating  temperature  high  enough  to  carry  the  load  with  a 
chosen  size  of  condensing  unit.  High  evaporating  temperatures  with 
correspondingly  small  compressor  operating  expense  can  be  attained  but 
at  the  expense  of  coil  surface,  air  quantity  or  both.  The  choice  will  be 
determined  by  the  necessities  of  individual  installations. 

For  a  given  quantity  and  condition  of  entering  air  the  evaporating 
temperature  of  a  volatile  refrigerant  coil  will  be  determined  by  a  balance 
between  the  condensing  unit  and  the  coil.  The  total,  sensible  and  latent 
cooling  capacity  can  then  be  determined  from  the  coil  rating  information. 
If  the  condensing  unit  and  cooling  coil  have  been  properly  balanced  for 
the  required  load  and,  due  to  miscalculated  duct  resistance  or  improper 
choice  of  fan  speed,  the  air  quantity  is  reduced,  the  total  cooling  capacity 
will  also  be  reduced.  The  decrease  is  generally  in  the  sensible  capacity. 
This  is  the  effect  also  when  the  air  by-pass  or  volume  control  is  used. 

It  is  necessary  that  not  only  the  total  capacity  but  also  the  sensible  and 
latent  cooling  requirements  both  be  met.  The  installation  of  an  excess  of 
coil  will  result  in  an  increase  in  total  capacity,  but  not  a  proportional  gain 
in  latent  heat  capacity.  On  installations  controlled  from  dry-bulb  tem- 
perature the  operating  time  will  be  shortened  because  of  the  added  sen- 
sible cooling  capacity.  The  result  will  be  less  moisture  pick-up  than 
calculated,  and  higher  relative  humidity.  If  an  oversize  condensing  unit 

TABLE  4.    CAPACITY  BALANCES  FOR  MAXIMUM  AND  MINIMUM  LOAD  CONDITIONS 


CONDITIONS 


CAPACITY  IN  TONS 


Total 

Sensible 

Latent 

Required  at  peak  load  conditions 

10.90 

7.90 

3.00 

1.38 

Required  at  minimum  load  conditions.  . 

6.62 

3.36 

3.26 

1.98 

Peak  lead  equipment  balance.               

10.90 

7.90 

3.00 

1.38 

Same  equipment  balanced  at  minimum  load 
conditions  _. 

9.85 

6.58 

3.26 

L50 

Same  equipment  balanced  at  maximum  load 
conditions  with  40  per  cent  by-passu  „... 
Same  equipment  balanced  at  minimum  load 
conditions  with  38,800  Btu  per  hour  reheat 

8.38 
6.62 

5.05 
3.36 

3.33 
3.26 

1.66 
1.98 

490 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

is^Installed  the  opposite  situation  will  take  place.  The  relative  humidity 
will  be  lower  than  estimated.  This  is  not  generally  a  disadvantage  except 
that  it  results  in  a  greater  load  from  outside  air  than  calculated,  as  well  as 
in  increased  power  consumption.  If  oversize  equipment  is  furnished,  a 
balance  should  be  made  to  assure  that  the  ratio  of  total  to  sensible  capa- 
city is  the  same  as  in  the  estimated  load. 

Sometimes  arbitrary  air  quantities  are  specified  for  ventilation  or  other 
reasons  independent  of  the  selection  of  the  cooling  coil.  As  shown  in 
Table  3,  the  coil  selection  can  be  altered  to  take  care  of  various  air 
quantities  for  the  same  duty. 

Where  coil  and  condensing  unit  are  selected  for  the  peak  load  condition, 
and  the  sensible  load  partially  disappears  due  to  fall  of  outside  tempera- 
ture or  other  cause,  the  condensing  unit  and  coil  rebalance.  This  may 
result  in  more  sensible  capacity  than  required  at  the  light  load  condition 
and  less  latent  in  proportion,  with  an  increased  relative  humidity  in  the 
conditioned  space.  Such  a  condition,  for  a  typical  installation,  is  shown 
in  Table  4.  If  approximately  40  per  cent  of  the  total  air  is  by-passed, 
the  condition  will  be  improved  as  indicated.  The  situation  could  be 
entirely  avoided  by  using  reheat.  With  sufficient  reheat,  it  is  possible 
to  handle  any  ratio  of  sensible  and  latent  loads  and  maintain  the  design 
temperature  and  humidity. 

Care  should  be  taken  to  avoid  freezing  at  light  loads.  In  general, 
freezing  ^  occurs  when  the  coil  surface  temperature  falls  to  32  F.  With 
usual  coils  for  comfort  installations,  this  will  not  occur  unless  the  evapo- 
rating temperature  at  the  coil  outlet  is  about  20  to  25  F.  The  exact  value 
depends  on  the  design  of  coil  and  the  amount  of  loading.  Although  it  is 
not  customary  to  choose  coil  and  condensing  units  to  balance  at  low  tem- 
peratures at  peak  loads,  there  is  danger  of  this  occurring  when  the  load 
decreases.  This  is  further  aggravated  if  a  by-pass  is  used  so  that  less  air 
is  passed  through  the  coil  at  light  loads.  It  may  be  even  worse  if  the 
control  is  arranged  for  decrease  of  inside  temperature  with  fall  of  that 
outside.  Freezing  can  be  avoided  by  making  the  full  load  balance  a  high 
evaporating  temperature  and  checking  the  balance  at  the  minimum  load 
condition. 
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Chapter  26 

SPRAY  EQUIPMENT 

Air  Washers,  Apparatus  for  Direct  Humidijication,  Spray 
Generation  and  Distribution.,  Air  Dehumidification  with 
Washers,  Water  Main  Temperatures*  Atmospheric  Water 
Cooling  Equipment,  Design  Wet-bulb  Temperatures  for  Water 
Cooling 9  Cooling  Ponds,  Winter  Freezing 

AIR  humidification  is  effected  by  the  vaporization  of  water  and  always 
JLX  requires  heat  from  some  source.  This  heat  may  be  added  to  the 
water  prior  to  the  time  vaporization  occurs  or  it  may  be  secured  by  a 
transformation  of  sensible  heat  of  the  air  being  humidified  to  latent  heat 
as  the  vapor  is  added  to  the  air.  The  thermodynamics  of  the  process  are 
discussed  in  Chapter  1.  The  removal  of  moisture  from  air  may  or  may 
not  involve  the  removal  of  heat  from  the  air-vapor  mixture.  With  spray 
equipment  dehumidification  of  air  always  necessitates  the  removal  of  heat. 

AIR  WASHERS 

Air  washers  may  be  used  as  either  humidifiers  or  dehumidifiers  de- 
pending upon  the  method  of  operation  and  the  temperature  of  the  spray 
water.  The  functions  of  an  air  washer  are  to  regulate  the  moisture  and 
heat  content  of  air  passing  through  it  and  to  remove  dust  and  dirt  from 
the  air.  Air  washers  are  not  as  effective  as  air  filters  in  the  removal  of 
dust  and  dirt. 

The  construction  of  commercial  air  washers  is  indicated  in  Figs.  1  and 
2.  Any  air  washer  consists  essentially  of  a  chamber  through  which  the  air 
passes  in  intimate  contact  with  water.  The  lower  portion  of  the  washer 
chamber  serves  as  a  sump  for  the  spray  water. 

Contact  between  the  air  and  the  washer  water  is  secured:  (1)  by 
breaking  the  water  into  a  very  fine  mist,  (2)  by  passing  the  air  over 
surfaces  which  are  continuously  wetted  by  water,  or  (3)  by  a  combination 
of  water  sprays  and  wetted  plates.  Scrubber-plate  types  of  washers  are 
used  largely  to  wash  heavy  reclaimable  products  from  the  air,  and  are 
generally  composed  of  one  to  three  eliminator- type  baffle  scrubber  plates 
across  the  air  stream.  Water  is  supplied  at  the  tops  of  the  scrubber  plates 
by  flooding  nozzles  placed  across  the  top  of  the  washer.  Spray  washers 
have  one  or  more  banks  of  water  atomizing  nozzles  placed  in  the  air 
stream  above  the  level  of  the  water  in  the  sump.  The  direction  of  the 
water  sprays  may  be  against  the  air  stream,  with  the  air  stream,  or  with 
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one  bank  spraying  with  the  air  stream  and  one  against  it.  The  number  of 
nozzles  required  depends  upon  their  design,  the  quantity  of  air  handled, 
and  the  arrangement  of  the  nozzles. 

Scrubbers  generally  consist  of  eliminator-type  baffle  plates  placed  in 
the  air  stream  to  cause  several  reversals  of  the  direction  of  air  flow.  The 
scrubber  plates  are  more  effective  as  air  cleaners  than  as  humidifiers.  All 
washer  chambers  should  have  inlet  diffuser  plates  to  aid  in  producing 
more  uniform  air  flow  through  the  washer  spray  chamber.  These  inlet 
vanes  also  aid  in  preventing  spray  water  from  being  thrown  into  the  air 
duct  ahead  of  the  washer.  However,  if  the  water  spray  is  against  the  air 
flow,  the  ordinary  perforated  diffuser  plate  is  not  sufficient,  and  specially 
designed  eliminator  baffles  must  be  used  to  prevent  spray  from  passing 
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FIG.  l.  TYPICAL  SINGLE  BANK  AIR  WASHER    FIG.  2.  TYPICAL  Two  BANK  AIR  WASHER 

into  the  air  inlet  duct.  At  the  outlet  end  of  the  washer  suitable  flooded 
eliminator  plates,  which  will  cause  from  4  to  6  reversals  of  the  direction 
of  air  flow,  should  be  installed  for  the  purpose  of  removing  drops  of 
unvaporized  water  from  the  leaving  air.  When  the  air  carries  certain 
substances  mixed  with  it,  the  spray  water  may  become  acidulated  and 
special  consideration  must  be  given  to  the  materials  used,  to  reduce  the 
corrosive  action. 

Essential  items  in  air  washer  operation  are:  uniform  distribution  of 
the  air  across  the  chamber  section  above  the  level  of  the  water  in  the 

sump;  moderate  velocities  of  air  flow,  300  to  600  fpm  in  the  spray  cham- 
ber; an  adequate^  amount  of  spray  water  broken  up  into  a  fine  mist 

throughout  the  air  stream;  sufficient  length  of  air  travel  through  the 
water  spray  and  over  thoroughly  wetted  surfaces;  and  the  elimination  of 

fret?  moisture  from  the  air  as  it  leaves  the  unit. 
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Washers  are  sometimes  arranged  in  two  or  more  stages  to  cool  through 
long  ranges  or  to  increase  the  overall  efficiency  of  heat  transfer  between 
the  air  and  the  heating  or  cooling  medium.  A  multi-stage  washer  is 
equivalent  to  a  number  of  washers  in  a  series  arrangement.  Each  stage 
is  in  effect  a  separate  washer. 

Usually  the  catalog  capacity  of  a  washer  is  expressed  in  cubic  feet  of 
air  per  minute  and  is  based  upon  an  air  velocity  of  500  fpm  through  the 
gross  inlet  area  of  the  unit.  At  this  rating  spray  type  washers  handle 
about  2J^  gpm  of  water  per  bank  per  square  foot  of  "area,  that  is,  about 
5  gpm  per  bank  per  1000  cfm.  These  proportions  of  air,  water,  area,  and 
velocity  may  be  departed  from  to  meet  the  needs  of  some  particular  job, 
but  certain  limiting  relationships  should  be  observed. 

For  a  single  stage  air  washer,  a  15  F  drop  in  dry-bulb  temperature  of 
the  air  passing  through  the  washer  is  about  the  maximum  that  should  be 
anticipated.  For  greater  decrease  in  dry-bulb  temperaturet  multi-stage 
washers  should  be  utilized.  A  rise  of  6  F  should  be  the  calculated  maxi- 
mum for  the  spray  water. 

The  width  and  height  of  a  washer  may  be  dictated  by  space  limitations 
outside  the  washer,  such  as  headroom,  or  by  the  inside  space  requirements, 
such  as  face  area  needed  by  a  bank  of  cooling  coils.  The  length  of  a 
washer  is  determined  by  the  number  of  spray  banks,  or  scrubber  plates, 
and  if  cooling  coils  are  installed  in  the  unit,  by  the  number  of  banks  of 
coils.  Roughly,  a  spray  space  of  about  2  ft  6  in.  in  length  is  required  for 
each  bank  of  sprays;  leaving  eliminators  require  about  1  ft  6  "in.,  and 
entering  eliminators  about  1  ft. 

The  resistance  to  air  flow  through  an  air  washer  varies  with  the  type  of 
eliminators,  number  of  banks  of  sprays,  direction  of  spray,  air  velocity, 
type  of  scrubber  plates,  and  size  and  type  of  cooling  coils  if  located  in  the 
washer.  Manufacturers  should  be  consulted  to  obtain  the  resistance  for 
a  particular  installation. 

HUMIDIF1CATION  WITH  AIR  WASHER 

Air  humidification  can  be  accomplished  in  three  ways  with  an  air 
washer.  These  are:  (1)  use  of  recirculated  spray  water  without  prior 
treatment  of  the  air,  (2)  preheating  the  air  and  washing  it  with  recircu- 
lated spray  water,  and  (3)  using  heated  spray  water.  In  any  problem  of 
air  washing  the  air  should  not  enter  the  washer  with  a  dry-bulb  tempera- 
ture less  than  35  F  so  that  there  will  be  no  danger  of  freezing  the  spray 
water. 

Method  1.  Except  for  the  small  amount  of  energy  added  from  outside 
by  the  recirculating  pump  in  the  form  of  shaft  work,  and  for  the  small 
amount  of  heat  leak  from  outside  into  the  apparatus,  including  the  pump 
and  its  connecting  piping,  the  process  would  be  strictly  adiabatic. 
Evaporation  from  the  liquid  spray  would  therefore  be  expected  to  bring 
the  air  immediately  in  contact  with  it  to  saturation  adiabatically;  and, 
since  the  liquid  is  recirculated,  its  temperature  would  be  expected  to 
adjust  to  the  thermodynamic  wet-bulb  temperature  of  the  entering  air. 

It  does  not  follow  from  the  above  reasoning  that  the  whole  air  stream- 
is  brought  to  complete  saturation,  but  merely  that  its  state  point  should 
move  along  a  line  of  constant  thermodynamic  wet-bulb  temperature  as 
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explained  in  Chapter  1.     The  extent  to  which  the  final  temperature 

approaches  the  thermodynamic  wet-bulb  temperature  of  the  entering  air, 
or  the  extent  to  which  complete  saturation  is  approached  is  conveniently 
expressed  by  a  ratio  known  as  humidifying  efficiency  or  saturating  ef- 
ficiency and  defined  as  follows: 

£i  • — '_/a  /-* 

where 

eh  —  humidifying  efficiency,  per  cent. 

h  =  dry-bulb  temperature  of  the  entering  air,  degrees  Fahrenheit. 

*i  =  dry-bulb  temperature  of  the  leaving  air,  degrees  Fahrenheit. 

I1  =  thermodynamic  wet-bulb  temperature  of  the  entering  air,  degrees  Fahrenheit. 

The  humidifying  or  saturating  efficiency  of  a  washer  is  dependent  upon 
the  number  of  spray  banks  and  nozzles,  the  effectiveness  of  the  nozzles 
in  breaking  an  adequate  quantity  of  water  into  a  fine  spray,  the  velocity 
of  air  flow  through  the  water  sprays,  and  the  time  of  the  contact  of  the 
air  with  the  spray  water.  Other  conditions  being  the  same,  low  velocities 
of  air  flow  are  more  conducive  to  higher  humidifying  efficiencies.  The 
following  may  be  taken  as  representative  humidifying  or  saturating 
efficiencies  of  air  washers  for  the  conditions  stated: 

1  bank — downstream 60-70  per  cent 

1  bank — upstream.... 65-75  per  cent 

2  banks — downstream 85-90  per  cent 

2  banks — 1  upstream  and  I  downstream. 90-95  per  cent 

2  banks — upstream, 90-95  per  cent 

The  air  leaving  the  washer  may  require  reheating  to  produce  the 

required  dry-bulb  temperature  and  relative  humidity. 

Method  2.  The  preheating  of  the  air  increases  both  the  dry  and  wet- 
bulb  temperatures,  lowers  the  relative  humidity,  but  does  not  alter  the 
humidity  ratio  (pound  water  vapor  per  pound  dry  air).  At  a  higher  wet- 
bulb  temperature  but  the  same  humidity  ratio,  more  water  can  be  absorbed 
per  pound  of  dry  air  in  passing  through  the  washer,  assuming  that  the 
humidifying  efficiency  of  the  washer  is  not  adversely  affected  by  operation 
at  the  higher  wet-bulb  temperature.  The  analysis  of  the  process  occurring 
in  the  washer  itself  Is  the  same  as  that  explained  under  Method  1.  The 
final  desired  conditions  are  secured  by  adjusting  the  amount  of  preheating 
to  give  the  required  wet-bulb  temperature  at  entrance  to  the  washer  and 
then  reheating  when  necessary  after  passage  through  the  washer. 
^  Method  3.  Even  if  heat  is  added  to  the  spray  water,  the  mixing  occur- 
ring in  the  washer  itself  may  still  be  regarded  as  adiabatic.  The  state 
point  of  the  mixture  should  move  in  a  direction  determined  by  the  specific 
enthalpy  of  the  heated  spray  as  explained  in  Chapter  1.  By  sufficiently 
elevating  the  spray  water  temperature  it  should  be  possible  to  completely 
saturate  the  air  and  even  raise  its  temperature  above  the  dry-bulb  tem- 
perature of  the  entering  air. 

APPARATUS  FOR  DIRECT  HUMIDIFICATION 

Humidifiers  may  be  divided  into  the  following  general  types,  according 
to  the  method  of  operation:  (1)  Indirect,  such  as  the  air  washer,  which 
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introduces  moistened  air;  and  (2)  direct,  which  sprays  moisture  into 
the  room  or  introduces  moisture  by  means  of  steam  jets. 

As  in  the  cases  of  humidification  by  use  of  an  air  washer,  the  heat 
necessary  for  the  vaporization  of  the  moisture  added  to  the  air  by  direct 
humidification  is  secured  either  from  heat  stored  in  the  spray  water  or  by 
a  transformation  of  sensible  to  latent  heat  in  the  air  humidified.  In  the 
latter  case  the  enthalpy  of  the  air  remains  constant  but  the  dry-bulb 
temperature  of  the  air  is  reduced. 

Direct  humidification  is  usually  preferable  where  high  relative  humidi- 
ties must  be  maintained,  but  where  there  is  little  cooling  or  ventilation 
required.  In  comfort  air  conditioning,  where  both  humidification  and 
ventilation  are  required,  the  indirect  humidifier  is  preferable.  In  indus- 
trial applications,  where  the  cooling  or  ventilation  load  is  large  and  where 
very  high  relative  humidities  must  be  maintained,  a  combined  system 
employing  both  direct  and  indirect  humidifiers  is  sometimes  used. 

Spray  Generation 

Spray  generation  is  obtained  by  (1)  atomization,  (2)  impact,  (3) 
hydraulic  separation,  and  (4)  mechanical  separation. 

Atomization  involves  the  use  of  a  compressed  air  jet  to  reduce  the  water 
particles  to  a  fine  spray.  With  the  impact  method,  a  jet  of  water  under 
pressure  impinges  directly  on  the  end  of  a  small  round  wire.  Where 
hydraulic  separation  is  employed,  a  jet  of  water  enters  a  cylindrical 
chamber  and  escapes  through  an  axial  port  with  a  rapid  rotation  which 
causes  it  immediately  to  separate  in  a  fine  cone-shaped  spray.  In  the 
mechanical  separation  process,  water  is  thrown  by  centrifugal  force  from 
the  surface  of  a  rapidly  revolving  disc  and  separates  into  particles  suf- 
ficiently small  to  be  utilized  in  certain  types  of  mechanical  humidifiers. 

Spray  Distribution 

Spray  distribution  is  obtained  by  (1)  air  jet,  (2)  induction,  and  (3)  fan 
propulsion. 

The  air  jet  which  generates  the  spray  in  atomizers  also  carries  the  spray 
through  a  space  sufficient  for  its  distribution  and  evaporation,  and  this 
method  of  distribution  is  termed  air  jet.  Where  distribution  is  obtained 
by  induction,  the  aspirating  effect  of  an  impact  or  centrifugal  spray  jet  is 
utilized  to  induce  a  current  of  air  to  flow  through  a  duct  or  casing,  and 
this  air  current  distributes  the  spray.  Fan  propulsion  obviously  consists 
of  the  utilization  of  fans  to  entrain  and  distribute  the  spray. 

Industrial  type  direct  humidifiers  are  commonly  classified  as  (1) 
atomizing,  (2)  high-duty,  (3)  spray  and  (4)  self-contained  or  centrifugal. 

Atomizing  Humidifiers 

There  are  several  types  of  atomizing  humidifiers,  all  of  which  rely  upon 
compressed  air  as  the  atomizing  and  distributing  agency,  similar  to  the 
familiar  method  used  in  ordinary  nasal  atomizers.  Compressed  air 
(ordinarily  about  30  Ib  per  square  inch)  is  supplied  from  a  centrally- 
located  air  compressor  through  pipe  lines  to  the  atomizing  units.  The  air 
lines  are  usually  horizontal  and  parallel  to  water  lines  which  supply 
water  by  gravity  from  a  float  tank.  The  water  in  the  tank  is  maintained 
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at  a  constant  level  slightly  lower  than  the  outlets  of  the  atomizers  them- 
selves and  is  drawn  constantly  to  the  atomizer  by  aspiration  when  com- 
pressed air  is  supplied.  This  aspiration  ceases  and  the  flow  of  water  stops 
when  the  air  supply  is  cut  off.  The  water  should  not  be  supplied  under 
pressure  to  atomizers  because  of  the  possibility  of  leakage,  drip,  or  coarse 
spray.  These  cannot  occur  when  water  is  supplied  by  aspiration. 

High- Duty  Humidifiers 

Water  is  supplied  to  high-duty  humidifiers  under  high  pressure  (usually 
about  150  Ib  per  square  inch)  through  pipe  lines^from  a  centrally-located 
pumping  unit.  The  spray-generating  nozzle  which  is  of  the  impact  type 
is  located  in  a  cylindrical  casing.  A  drainage  pan  provides  for  the  collec- 
tion and  return  of  unevaporated  water  which  flows  through  a  return  pipe 
to  a  filter  tank,  from  which  it  is  redrculated,  A  powerful  air  current  js 
forced  through  the  humidifier  by  means  of  a  fan  mounted  above  the  unit. 

The  air  enters  from  above,  is  drawn  through  the  head,  charged  with 
moisture,  and  cooled.  It  then  escapes  from  the  opening  below  at  a  high 
velocity  in  a  complete  and  nearly  horizontal  circle.  The  spray  is  evapor- 
ated and  the  resulting  vapor  diffused.  This  distribution  of  fine  spray  over 
the  maximum  possible  area  promotes  complete  and  rapid  vaporization 
even  at  high  humidities. 

Spray  Humidifiers 

This  type  of  humidifier  consists  of  an  impact  spray  nozzle  in  a  cylin- 
drical casing  with  a  drainage  pan  below  it.  The  aspirating  effect  of  the 
spray  nozzle  induces  a  moderate  air  current  through  the  casing  which 
distributes  the  entrained  spray.  The  general  method  of  circulating  and 
returning  the  water  Is  similar  to  that  employed  for  high-duty  humidifiers. 
A  suitable  pump  and  centrally-located  filter  tank  are  required. 

Self -Contained  Humidifiers 

The  self-contained  or  centrifugal  humidifier  has  the  ability  to  generate 
and  distribute  spray  without  the  use  of  air  compressors,  pumps,  or  other 
auxiliaries.  These  may  be  used  either  singly  or  in  groups.  In  large 
installations,  where  suitable  connections  are  provided  to  permit  the 
cleaning  and  servicing  of  individual  units  without  affecting  the  room  as  a 
whole,  group  control  of  the  water  and  power  may  be  employed. 

AIR  DEHUMIDIFICATION  WITH  WASHERS 

Moisture  removal  from  an  air-vapor  mixture  can  be  accomplished  by 
use  of  an  air  washer  so  long  as  the  temperature  of  the  spray  medium  is 
lower  than  the  dew-point  of  the  air  passing  through  the  unit.  The  final 
dry-bulb  temperature  and  the  relative  humidity  of  the  air  leaving  a 
dehumidifier  washer  are  dependent  upon:  the  air  velocity,  the  length  of 
air  travel  through  the  sprays,  the  dry-  and  wet-bulb  temperatures  of  the 
entering  air,  the  spray  temperature,  the  number  of  spray  banks  and 
nozzles,  the  quantity  of  spray  medium  handled,  and  the  effectiveness  of 
the  nozzles  in  breaking  the  spray  into  a  fine  mist. 

Both  sensible  and  latent  heat  are  removed  in  the  process  of  dehumidi- 
ficatkxi  by  cooling.  Abstraction  of  sensible  heat  occurs  during  the  entire 
time  that  the  air  is  in  contact  with  the  spray  medium.  Latent  heat 
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removal  takes  place  as  condensation  occurs.  Therefore,  the  lower  the 
spray  temperature  the  greater  the  amount  of  moisture  removal  per  pound 
of  dry  air,  all  other  conditions  remaining  the  same.  Washers  with  two  or 
more  banks  of  sprays  are  usually  selected  for  comfort  air  conditioning 
installations.  Such  washers  will  cool  the  air  to  within  1  or  2  F  of  the 
leaving  spray  water  temperature. 

Where  a  limited  supply  of  cold  water  is  available  multiple  stage 
washers  may  be  used  to  an  advantage.  The  cool  water  is  pumped  through 
the  multiple  spray  systems  in  series.  By  this  arrangement  the  entering 
air  is  cooled  first  by  the  warmer  water  and  finally  by  the  cooler  water 
which  gives  the  maximum  amount  of  cooling  with  the  minimum  amount 
of  water.  The  approximate  temperatures  of  water  from  wells  at  depths 
of  30  to  60  ft  are  given  in  Fig  31.  Frequently  the  temperature  of  the  city 
water  main  supply  is  low  enough  during  the  summer  to  permit  an  ap- 
preciable cooling  effect.  Table  1  lists  the  maximum  city  water  main 
temperatures  for  various  localities  in  the  United  States  and  Canada. 

Air  washers  using  refrigerated  spray  generally  have  their  own  recircu- 
lating  pumps.  These  pumps  deliver  to  the  sprays  a  mixture  of  water 
from  the  washer  sump,  which  has  not  been  re-cooled,  and  refrigerated 
water.  The  quantities  of  each  are  controlled  by  a  three-way  or  mixing 
valve  actuated  by  a  dew-point  thermostat  located  in  the  washer  air  outlet 
or  by  humidity  controllers  located  in  the  conditioned  space. 

ATMOSPHERIC  WATER  COOLING  EQUIPMENT 

In  the  operation  of  a  refrigerating  plant  or  a  condensing  turbine,  one 
of  the  main  problems  is  the  removal  and  dissipation  of  heat  from  the 
compressed  refrigerant  or  the  discharged  steam.  This  is  accomplished 
ordinarily  by  first  transferring  the  heat  of  the  gas  to  water  in  a  heat 
exchanger,  from  which  water  it  may  then  be  dissipated  in  a  number 
of  ways.  If  the  plant  is  situated  on  the  banks  of  a  river  or  lake,  an  intake 
may  be  taken  up-stream  or  at  a  considerable  distance  from  the  discharge, 
to  prevent  mixing  of  the  heated  discharged  water  with  the  inlet  water. 
If  the  source  of  cooling  water  is  a  city  supply  or  a  well,  the  discharge 
water  may  be  run  into  the  nearest  sewer  or  open  waterway.  Lacking 
an  unlimited  water  supply,  or  in  cases  where  city  water  is  too  expensive 
or  where  the  water  available  contains  dissolved  salts  which  would  form 
scale  on  the  heat-exchanging  apparatus,  it  is  necessary  to  recirculate  the 
water,  and  to  cool  it  after  each  passage  through  the  heat-exchanger  by 
exposure  to  air  in  an  atmospheric  water  cooling  apparatus. 

Air  has  a  capacity  for  absorbing  heat  from  water  when  the  wet-bulb 
temperature  of  the  air  is  lower  than  the  temperature  of  the  water  with 
which  it  is  in  contact.  The  rapidity  with  which  this  transfer  of  heat  occurs 
depends  upon  (1)  the  area  of  water  in  contact  with  the  air,  (2)  the  relative 
velocity  of  the  air  and  water,  and  (3)  the  difference  between  the  wet-bulb 
temperature  of  the  air  and  the  temperature  of  the  water.  Because  the 
changes  in  rate  do  not  occur  in  direct  proportion  to  changes  in  the  govern- 
ing factors,  data  on  the  performance  of  atmospheric  water  cooling  equip- 
ment are  largely  empirical. 

^Temperature  of  Water  Available  for  Industrial  Use  in  the  United  States,  by  W.  D.  Collins  (£7.  S. 
GmbftuB*  Swvey,  Water  Supply  Paper  No.  520  F}. 
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TABLE  1.    AVERAGE  MAXIMUM  WATER  MAIN  TEMPERATURES4 


STA.TI 

CITY 

TiMP.F 

STATE 

Cur 

TEMP.F 

Ala  

Ariz.  ~  
Calif  

Birmingham  
Mobile  
Phoenix.  
Tucson  
Anaheim  

84 
73 
81 

80 
60 

Mass  —  

Boston  
Cambridge  
Fall  River  
Lowell  

Lynn 

80 
70 
76 
50 
68 

Berkeley 

69 

New  Bedford 

70 

Fresno  

72 

Salem  

68 

Fullerton  
Glendale  

75 

68 

Mich.-  

Worcester  
Detroit  

76 

77 

Los  Angeles  

75       1 

Flint 

70 

Oakland  .  ... 

69       i 

Grand  Rapids 

84 

Ontario  

Pasadena 

70 

82       i 

Highland  Park  
Jackson 

77 
56 

Pomona  ... 

75 

KalamazGO 

53 

Riverside  
Sacramento  

78 
72 

Lansing  

Sasninaw 

64 
82 

San  Bernardino  

65 

Minn. 

Duluth 

55 

San  Diego   ... 

82 

Minneapolis 

80 

San  Francisco  
Whittier. 

62 

75 

Mo 

St.  Paul  

Jefferson  City 

77 
82 

Colo  

Denver  

75 

Kansas  City 

84 

Conn  

Bridgeport  
Hartford    

66 
73 

St.  Joseph  

St.  Louis 

84 
85 

D.  C. 

New  Haven  
Waterbury  

Washington  

76 

72 
84 

Nebr.._  

Springfield  
Lincoln  

Omaha 

70 
87 

87 

Del  
Fla  

Wilmington  
Jacksonville  

Miami. 

83 
80 
80 

Nev  
N.  H.._  

N  L           ! 

Reno  

Manchester  

Jersey  City 

61 

76 
63 

Tampa  

77 

Newark. 

74 

Ga  

Atlanta 

87 

Paterson 

78 

Macon  

80 

Trenton  .  ... 

79 

IH._  

Chicago  
Cicero  
Evanston  ..  
Peoria  „   ., 

76 
76 
73 
67 

N.  Y.._  

Albany  
Buffalo  
Jamaica  
Mt.  Vernon  

68 
75 
56 

74 

Ind  

Rockford  
Springfield  

Evansville. 

59 
82 
86 

New  Rochelle  
New  York  
Rochester 

75 
72 
70 

Gary    ...    

75 

Schenectady. 

60 

Indianapolis.   „  „. 

80 

Syracuse.  

74 

Iowa._  

South  Bend.  
Terre  Haute.  

Cedar  Rapids 

61 
82 

78 

N,  C.     . 

Utica  

Yonkers  

Asheville 

69 
70 

74 

Kans  

Des  Moines  
Sioux  City  
Concordia  

77 
62 

57 

N.  M  

Charlotte  
Winston-Salem  
Albuquerque  

85 
82 
65 

Kansas  City 

86 

Ohio  _ 

Akron  

76 

Ky. 

Topeka  

Wichita  
Louisville 

88 
72 
85 

Canton.....  —  
Cincinnati  
Cleveland  

50 

84 

74 

La  

Me  
Md  

Baton  Rouge  
New  Orleans  
Augusta  
Baltimore  

85 
85 
60 
75 

Columbus.  
Dayton...  
Lakewood...  
Springfield  _  
Toledo  

82 
60 
82 
72 
83 

aThese  averages  taken  from  various  city  water  main  locations,  with  some  actual  values  slightly  Mgher 
awi  some  lower  than  values  shown. 
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TABLE  1.    AVERAGE  MAXIMUM  WATER  MAIN  TEMPERATURE  (Concluded) 


STATI 


Cm 


P.  F 


STATI 


TEMP.  F 


Okla. 

Oklahoma.  Citv 

S2 

jUtah 

Logan 

44 

Tulsa._.     . 

85 

| 

Salt  Lake  City..-. 

60 

Ore  

Eugene  

60 

,Va  

Fredericksburg  

75 

Portland  

64 

Lynchburg  

73 

Pa  

Altoona. 

74 

Norfolk.  

80 

Erie 

75 

Wash 

Olvmoia 

58 

Johnstown.. 

74 

Seattle  .. 

62 

McKeesport  

82        ! 

I' 

Spokane  

51 

Philadelphia.  

83        1 

Tacoma._  _  

57 

Pittsburgh  

81 

W.  Va. 

Charleston 

85 

R.  L.  

Providence  

68 

Huntington  

78 

S.  C  

Charleston... 

80 

Wheeling 

78 

Greenville 

81 

Wis 

LaCrosse. 

54 

Spartanburg  

78 

Madison  

58 

S.  Dak  

Rapid  City.. 

55 

Milwaukee 

70 

Tenn  

Chattanooga 

84 

Racine 

68 

KnoxvilSe 

89 

Memphis 

70 

Nashville  

90 

Texas  

Amarillo  

65 

FROTIXCI 

Austin  

90 

Beaumont  

86 

Dallas.. 

86 

Alta. 

Calsarv 

64 

Fort  Worth...    . 

84 

B.  C.  . 

Vancouver  .  . 

60 

Galveston  

90 

Ont  

London  

50 

Houston.... 

84 

Toronto 

63 

Port  Arthur.. 

83 

P.  E.  I. 

Charlottetown 

4£ 

San  Antonio  

76 

Que  

Montreal  .  .  . 

78 

Wichita  Falls 

85 

Quebec 

68 

•These  averages  taken  from  various  city  water  main  locations,  with  some  actual  values  slightly  higher 

and  some  lower  than  values  shown. 

As  the  heat  content  of  the  air  increases,  its  wet-bulb  temperature  rises. 
(See  Chapter  L)  Because  it  is  impractical  to  leave  the  air  in  contact 
with  water  for  a  long  enough  time  to  permit  the  wet-bulb  temperature  of 
the  air  and  the  temperature  of  the  water  to  reach  equilibrium,  atmos- 
pheric water  cooling  equipment  aims  to  circulate  only  enough  air  to  cool 
the  water  to  the  desired  temperature  with  the  least  possible  expenditure 
of  power. 

In  an  air  washer,  humidifier  or  dehumidifier,  the  air  is  first  conditioned 
by  water  to  change  its  moisture  and  temperature,  and  it  is  then  sent  to 
the  place  where  it  is  to  be  used.  In  water  cooling  equipment  the  tem- 
perature of  the  water  is  reduced  by  air,  and  the  cooled  water  is  carried  to 
Its  point  of  usage.  In  the  air  washer,  an  excess  of  water  is  used  to  con- 
dition a  fixed  quantity  of  air,  while  in  water  cooling  equipment,  an  excess 
of  air  is  used  to  cool  a  fixed  quantity  of  water. 

Both  types  of  equipment  have  a  common  basis  of  design,  however,  in 
that  the  size  of  the  equipment  is  determined  by  the  quantity  of  air  that 
must  be  handled-  With  the  air  washer,  the  size  of  the  equipment  is  fixed 
by  the  quantity  of  air  to  be  conditioned,  and  the  amount  of  conditioning 

is  controlled  by  the  quantity  and  temperature  of  the  water  supplied  and 
its  method  of  application.    With  water  cooling  apparatus,  its  size  and  the 
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quantity  of  air  required  bear  no  direct  relation  to  the  quantity  of  water 
being  cooled,  but  vary  through  a  wide  range  for  different  sendees  and 
conditions. 

Sizes  of  Equipment 

Assuming  a  definite  quantity  of  water  to  be  cooled,  the  size  and  design 
of  atmospheric  cooling  equipment  are  affected  by  the  following  factors: 

1.  Temperature  range  through  which  the  water  must  be  cooled. 

2.  Number  of  degrees  above  the  wet-bulb  temperature  of  the  entering  air  to  which 
the  water  temperature  must  be  reduced. 

3.  Temperature  of  the  atmospheric  wet-bulb  at  which  the  required  cooling  must  be 
performed. 

4.  Time  of  contact  of  the  air  with  the  water.    (This  involves  height  or  length  of  the 
apparatus  and  velocity  of  air.) 

5.  Surface  of  water  exposed  to  each  unit  quantity  of  air. 

6.  Relative  velocity  of  air  and  water. 

Items  1,  2,  and  3  are  established  by  the  type  of  service  and  geographical 
location,  while  items  4,  5,  and  6  depend  upon  the  design  of  the  equipment. 
The  establishment  of  a  proper  cooling  range  depends  upon : 

1.  Type  of  service  (refrigerating,  internal  combustion  engine  and  steam  condensing). 

2.  Wet-bulb  temperature  at  which  the  equipment  must  operate  satisfactorily. 

3.  Type  of  condenser  or  heat-exchanger  used. 

Because  the  design  of  an  entire  plant  is  usually  affected  by  the  quantity 
and  temperature  of  the  cooling  water  supply,  plants  should  be  designed 
for  cooling  water  conditions  which  can  be  most  efficiently  attained.  The 
first  consideration  is  usually  the  limiting  temperature  of  the  plant.  For 
example,  if  an  ammonia  compressor  refrigerating  plant  is  to  be  designed 
for  185  Ib  head  pressure  as  a  normal  maximum,  the  limiting  temperature 
of  the  ammonia  in  the  condenser  is  96  R  Should  the  ammonia  tempera- 
ture go  above  this  figure  the  head  pressure  will  exceed  185  Ib  and  power 
consumption  increases.  To  obtain  this  head  pressure,  the  temperature  of 
the  circulating  water  leaving  the  condenser  must  always  be  less  than  96  F 
by  an  amount  depending  upon  the  size  and  design  of  the  condenser,  the 

TABLE  2.    CONDENSER  DESIGN  D\TA 


LIAYQW  HOT  WATBR  TEMPIKATUEB 

MAXIMUM  PBESSUHE 

GAS  TEMPERATURE 

DIG  F 

GAS 

DK&SKBD  IN 

ZN  CONDENSES 

CoJTOEJfSER 

DECF            BrtCoofaK**.!    A^^ 

Steam,  

28  in.  vacuum  101,2 

97 

93 

Steam.  —  

27  in.  vacuum  

115,1 

110 

105 

Steam,  

26  in.  vacuum  

125.9 

120 

114 

Animon  ia  

185  Ib  gage 

head  pressure  

96.0 

92 

88 

Carbon  dioxide- 

1030  Ib  gage 

head  pressure  

86.0 

83 

81 

Methyl                ' 

102  Ib  gage 

chloride  

head  pressure  

100.0 

96 

92 

Dichlorodi- 

llTlbgage 

fJuoromethane 

head  pressure  

100,0 

96 

93 
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quantity  of  water  being  circulated,  and  the  refrigerating  tonnage  being 
produced.  A  condenser  having  a  large  surface  per  ton  of  refrigeration 
may  be  designed  to  operate  satisfactorily  with  the  leaving  hot  water 
temperature  within  3  or  4  F  of  the  ammonia  temperature  corresponding 
to  the  head  pressure,  while  a  small  condenser  might  require  a  10  F 
difference. 

Table  2  lists  several  gases  with  data  as  to  the  temperatures  and  pres- 
sures for  which  commercial  condensers  are  designed.  Internal  combustion 
engines  have  limiting  hot  water  temperatures  of  125  F  to  140  F.  The 
cooling  of  such  fluids  as  milk  or  wort  has  variable  requirements  and  is 
usually  done  in  counter-flow  heat-exchangers  in  which  the  leaving  circu- 
lating water  is  at  a  much  higher  temperature  than  is  the  leaving  fluid. 

The  temperature  range,  once  the  hot  water  temperature  is  approxi- 
mately known,  depends  upon  : 

1.  Maximum  wet-bulb  temperature  at  which  the  full  quantity  of  heat  must  be 

dissipated. 

2.  Efficiency  of  the  atmospheric  cooling  equipment  considered. 

Design  Wet-Bulb  Temperatures 

The  maximum  wet-bulb  temperature  at  which  the  full  quantity  of 
water  must  be  cooled  through  the  entire  range  is  never,  in  commercial 
design,  the  maximum  wet-bulb  temperature  ever  known  to  exist  at  the 
location  nor  the  average  wet-bulb  temperature  over  any  period.  ^The 
former  basis  would  require  atmospheric  cooling  equipment  several  times 
greater  than  normal  size,  and  the  latter  would  result  during  a  large  part  of 
the  time,  in  higher  condenser  water  temperatures  than  those  for  which  the 
plant  was  designed.  For  instance,  the  maximum  wet-bulb  temperature 
recorded  in  New  York  City  is  88  F,  and  the  July  noon  average  for  64 
years  is  close  to  68  F.  Yet  in  the  years  1925  to  1934,  inclusive,  there  were 
but  8  hours  per  year  when  the  wet-bulb  temperature  reached  80  F  or  more, 
and  there  were  975  hours  in  the  average  summer  (June  to  September 
inclusive)  when  the  wet-bulb  temperature  was  68  F  or  above.  As  these 
975  hours  represent  a  third  of  the  summer  period,  cooling  equipment 
based  upon  the  noon  average  July  wet-bulb  of  68  F  would  be  inadequate. 
Commercial  practice  is  to  choose  a  wet-bulb  temperature  for  refrigeration 
design  purposes  which  is  not  exceeded  during  more  than  5  to  8  per  cent 
of  the  summer  hours  (75  F  for  New  York  City)  with  somewhat  lower 
requirements  for  steam  turbines  and  internal  combustion  engines.  This 
difference  is  made  because  the  heaviest  load  on  a  refrigerating  plant  is 
coincident  with  high  wet-bulb  temperatures,  whereas  the  heaviest  electric 
power  demand  occurs  either  in  the  winter  or  after  nightfall  in  summer, 
when  the  wet-bulb  temperature  is  low.  Table  1,  Chapter  8,  shows  design 
wet-bulb  temperatures  which  will  not  be  exceeded  more  than  8  per  cent 
of  the  time  in  an  average  summer. 

Knowing  the  hot  water  temperature  and  the  wet-bulb  temperature  for 
which  the  equipment  must  be  designed,  the  cold  water  temperature  must 
be  chosen  to  place  the  requirement  within  the  efficiency  range  of  the  type 
of  atmospheric  water  cooling  apparatus  to  be  used.  Efficiency  of  atmos- 
pheric water  cooling  apparatus  is  expressed  as  the  percentage  ratio  of  the 
actual  cooling  range  to  the  possible  cooling  range.  Since  the  wet-bulb 
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temperature  of  the  entering  air  is  the  lowest  temperature  to  which  the 
water  could  possibly  be  cooled  this  Is: 

Percentage  cooling  efficiency  of  atmospheric  water  cooling  equipment  = 

(hot  water  temperature  —  cold  water  temperature  )  X  100 

hot  water  temperature  —  wet-bulb  temperature  of  entering  ak 

Efficiencies  of  various  types  of  atmospheric  water  cooling  apparatus 
vary  through  wide  limits,  depending  upon  air  velocity,  concentration  of 
water  per  square  foot  of  area,  and  the  type  of  equipment.  The  commercial 
range  of  efficiencies  is  given  in  Table  3  although  unusual  designs  may 
operate  outside  these  ranges. 

From  consideration  of  the  factors  which  include  the  cooling  range  and 
design  wet-bulb  temperature,  the  quantity  of  water  required  can  be 
calculated  from  the  amount  of  heat  to  be  dissipated.  The  normal  amounts 
of  heat  to  be  removed  from  various  processes  of  the  cooling  equipment  are : 


Compressor  refrigeration- 
Condenser  turbine... 


220  to    270  Btu  per  minute  per  ton. 
950  to    980  Btu  per  pound  of  steam. 
1030  to  1150  Btu  per  pound  of  steam. 


Steam  jet  refrigerating  apparatus..., 

Diesel  engine. , _28Q0  to  4500  Btu  per  horsepower. 

Cooling  Ponds 

A  natural  pond  is  often  used  as  a  source  of  condensing  water.  The 
hot  water  should  be  discharged  close  to  the  surface  at  the  shore  line. 
Natural  air  movement  over  the  surf  ace  of  the  water  will  cause  evaporation 
and  carry  away  heat.  Because  increased  density  due  to  the  loss  of  heat 
causes  the  cooled  water  to  sink  to  the  bottom  of  the  pond,  the  suction 
connection  for  intake  water  should  be  placed  as  far  below  the  surface  as 
possible,  and  at  as  great  a  distance  from  the  discharge  as  practicable. 

Spray  Cooling  Ponds 

The  spray  pond  consists  of  a  basin,  above  which  nozzles  are  located  to 
spray  water  up  into  the  air.  Properly  designed  spray  nozzles  break  up  the 
water  into  small  drops,  but  not  into  a  mist  because  the  individual  drops 
must  be  heavy  enough  to  fall  back  into  the  basin  and  not  drift  away  with 
the  air  movement.  The  water  surface  exposed  to  the  air  for  cooling  is 
the  combined  area  of  all  the  small  drops.  Since  the  rate  of  heat  removal 
by  atmospheric  water  cooling  is  a  function  of  the  area  of  water  exposed 
to  the  air,  the  difference  in  temperature  between  the  water  and  the  wet- 

TABLE  3.    EFFICIENCY  OF  ATMOSPHERIC  WATER  COOLING  EQUIPMENT 


EQUIPMENT 


COOLING  EFFICIENCY— PEE  CEJ?T 


Minimum 

Usual 

Maximum 

Spray  Ponds  .  „  

30 

45  to  55 

60 

Spray  Towers  »  
Natural  Draft  Deck  or  Atmospheric 
Towers  

40 
35 

45  to  55 
50  to  70  " 

60 
90 

Mechanical  Draft 

35 

55  to  75 

90 
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bulb  temperature  of  the  air,  the  relative  velocity  of  air  and  water,  and 
the  duration  of  contact  of  the  air  with  the  water,  a  much  larger  quantity 
of  heat  may  be  dissipated  in  a  given  area  with  the  spray  pond  than  with 
the  cooling  pond,  because  of  (1)  the  speed  with  which  the  drops  travel  as 
they  are  propelled  into  the  air  and  fall  back  into  the  water  basin,  (2)  the 
increased  wind  velocity  at  a  point  above  the  surrounding  structures  or 
terrain,  (3)  the  increased  volume  of  air  used,  and  (4)  the  vastly  increased 
area  of  contact  between  air  and  water. 

Spray  pond  efficiencies  are  increased  by  (1)  elevating  the  nozzles  to  a 
higher  point  above  the  surface  of  the  water  in  the  basin,  (2)  increasing  the 
spacing  between  nozzles  of  any  one  capacity,  (3)  using  smaller  capacity 
nozzles  to  decrease  the  concentration  of  water  per  unit  area,  and  (4) 
using  smaller  nozzles  and  increasing  the  pressure  to  maintain  the  same 
concentration  of  water  per  unit  area.  Usual  practice  is  to  locate  the 
nozzles  from  3  to  7  ft  above  the  edge  of  the  basin,  to  supply  from  5  to 
12  Ib  pressure  at  the  nozzles,  using  nozzles  spraying  from  20  gpm  to 
60  gpm  each  and  spacing  them  so  the  average  water  delivered  to  the 
surface  of  the  pond  is  from  0.1  gpm  per  square  foot  in  a  small  pond  to 
0.8  gpm  per  square  foot  in  a  large  pond. 

Increasing  the  pressure,  spacing  the  nozzles  farther  apart,  or  increasing 
the  elevation  of  the  nozzles  will  increase  the  cross-section  of  spray  cloud 
exposed  to  the  air,  and  therefore  increase  the  quantity  of  air  coming  in 

contact  with  the  water.  Best  results  are  obtained  by  placing  the  nozzles 
in  a  long  relatively  narrow  area  located  broadside  to  the  wind. 

Spray  ponds  may  be  located  on  the  ground,  or  they  may  be  placed 
on  roofs.  To  prevent  excessive  drift  loss,  or  the  carrying  of  entrained 
water  beyond  the  edge  of  the  pond  by  the  air  on  the  leeward  side,  louver 
fences  are  required  for  roof  locations  and  for  those  ground  locations  where 
space  is  so  restricted  that  the  outer  nozzles  cannot  be  located  at  least 
20  ft  to  25  ft  from  the  edge  of  the  basin.  Such  fences  usually  are  con- 
structed of  horizontal  louvers  overlapping  so  the  air  is  forced  to  turn  a 
corner  in  passing  through  the  fence,  and  the  heavier  drops  of  water  are 
thrown  back,  owing  to  their  inertia.  The  louvers  also  restrict  the  flow  of 
air,  particularly  at  the  higher  wind  velocities,  and  thus  further  reduce  the 
possibility  of  water  being  carried  off.  The  height  of  an  effective  fence 
should  be  equal  to  the  height  of  the  spray  cloud.  Louver  boards  are 
preferably  of  red  gulf  cypress  or  California  redwood  supported  on  cast- 
iron,  steel  or  wood  posts.  Where  building  ordinances  forbid  the  use  of 
combustible  materials,  sheet  metal  is  customarily  used. 

Algae  growths,  during  warm  weather,  in  cooling  towers  and  spray  ponds 
may  be  eliminated  while  the  plant  is  in  operation  by  the  use  of  potassium 
permanganate.  This  chemical  can  be  dissolved  at  the  rate  of  1  Ib  in 
IJi  to  IH  gal  of  hot  water.  About  10  parts  of  permanganate  should 

be  used  per  million  parts  of  cooling  water. 

The  permanganate  attacks  the  algae,  forms  a  brown  covering  over  it, 
and  causes  it  to  settle.  Enough  of  the  permanganate  solution  should  be 
added  periodically  to  cause  the  water  to  have  a  pink  color  for  a  period  of 
from  15  to  20  rain.  Small  additions  of  the  permanganate  daily  do  not 
give  concentrations  which  are  effective.  The  best  results  are  obtained 
when  sufficient  quantities  are  added  periodically  at  intervals  of  several 
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weeks,  the  time  intervals  being  dependent  upon  local  operating  conditions. 
The  chemical  is  non-poisonous  and  is  non-corrosive  when  used  as  directed. 

Spray  Cooling  Towers 

Where  not  more  than  30,000  Btu  per  minute  are  to  be  dissipated,  the 
spray  cooling  tower  is  a  satisfactory  apparatus.  The  word  tower  in  this 
connection  is  somewhat  of  a  misnomer  as  the  apparatus  is  essentially  a 
narrow  spray  pond  with  a  high  louver  fence.  As  usually  built,  the  nozzles 
spray  down  from  the  top  of  the  structure  and  the  distance  from  the  center 
of  the  nozzle  system  to  the  fence  on  either  side  is  not  more  than  half  the 
distance  that  the  nozzles  are  elevated  above  the  water  basin.  Heights 
range  from  6^ft  to  15  ft  and  the  total  width  of  a  structure  is  not  usually 
greater  than  its  height.  Spray  cooling  towers  occupy  less  space  on  small 
jobs  than  spray  ponds  of  equivalent  capacities  because  the  towers  have 
a  capacity  of  from  0.6  gpm  to  1.5  gpm  per  square  foot  of  tower  area.  The 
louvers  are  continually  wet,  and  so  add  to  the  surface  of  water  exposed 
to  the  cooling  air. 

Natural  Draft  Deck  Type  Towers 

In  past  years  most  of  the  atmospheric  water  cooling  on  refrigeration 
work  has  been  done  with  natural  draft  deck  type  towers,  which  are  also 
referred  to  as  wind  or  atmospheric  towers.  These  towers  consist  of  heavy 
wooden  or  steel  framework  from  15  to  80  ft  high  and  from  6  to  30  ft 
wide,  having  open  horizontal  lattice-work  platforms  or  decks  at  regular 
intervals  from  top  to  bottom,  and  a  catch  basin  at  the  foot.  The  hot 
water  is  distributed  over  the  upper  part  of  the  structure  by  means  of 
troughs,  splash  heads,  or  nozzles,  and  it  drips  from  deck  to  deck  down  to 
the  basin.  The  object  of  the  decks  is  to  arrest  the  fall  of  the  water  so  as  to 
present  efficient  cooling  surfaces  to  the  air,  which  passes  through  the 
tower  parallel  to  the  decks.  The  decks  also  add  to  the  area  of  water 
surface  exposed  to  the  air,  but  since  they  furnish  a  resistance  to  air  flow, 
too  many  decks  are  a  detriment. 

To  prevent  the  loss  of  water  on  the  leeward  side  of  the  tower,  wide 
splash  boards  are  attached  at  regular  intervals  from  top  to  bottom.  These 
boards  or  louvers  extend  outward  and  upward,  and  In  most  designs  the 
top  edge  of  each  louver  extends  above  the  bottom  edge  of  the  one  above  it. 

Efficiency  of  a  deck  tower  is  improved,  within  limits,  by  increased 
height,  Increased  length,  or  increased  width.  The  first  two  increase  the 
area  of  water  exposed  to  the  wind,  and  the  latter  increases  the  time  of 
contact  of  the  air  with  the  water. 

Wind  Velocities  on  Natural  Draft  Equipment 

Since  natural  air  movement  Is  the  prime  requirement  for  a  deck  type 
tower,  spray  cooling  tower,  or  spray  pond,  the  apparatus  must  be  de- 
signed to  produce  the  desired  cooling  on  days  when  the  wind  velocity  Is 
below  average  when  the  wet-bulb  temperature  is  at  the  maximum  chosen 
for  design,  and  when  the  plant  Is  operating  at  full  load.  The  apparatus 
must  also,  for  best  results,  be  located  with  its  longest  axis  at  right  angles 
to  the  direction  of  the  prevailing  hot  weather  breeze.  Table  1,  Chapter  8, 
gives  the  average  summer  wind  velocities  and  directions  in  representative 
cities.  Natural  draft  cooling  equipment  should  be  designed  to  operate 
properly  with  not  more  than  om-kaJf  of  the  average  wind  velocity,  and  in 
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no  case  for  a  wind  velocity  of  more  than  5  rnph.  It  is  obvious  that  natural 
draft  towers  and  other  natural  draft  equipment  must  be  so  located  that 
they  are  not  obstructed  by  trees,  buildings,  or  other  wind  deflectors. 

Mechanical  Draft  Towers 

Mechanical  draft  towers  usually  consist  of  vertical  shells,  constructed 
of  wood,  metal,  or  masonry,  In  which  water  Is  distributed  uniformly  at  the 
top  and  falls  to  a  collecting  basin  at  the  bottom.  The  inside  of  the  tower 
may  be  filled  with  wood  checker-work  over  which  the  water  drips,  or  the 
water  surface  may  be  presented  to  the  air  by  filling  the  entire  inside  of  the 
structure  with  spray  from  nozzles.  Air  is  circulated  through  the  tower 
from  bottom  to  top  by  forced  or  Induced  draft  fans.  Since  the  air  flows 
counter  to  the  water, 'the  air  is  in  contact  with  the  hottest  of  the  water 
just  before  leaving  the  top  of  the  tower,  and  each  unit  of  air  picks  up  more 
heat  than  a  similar  unit  would  on  natural  draft  equipment,  so  the  me- 
chanical draft  tower  cools  water  by  using  less  air  than  the  other  types  of 
equipment  need.  As  movement  of  the  air  through  the  towers  is  obtained 
by  power-consuming  fans,  it  is  essential  that  the  air  used  be  reduced  to  a 
minimum  so  as  to  secure  the  lowest  possible  operating  cost. 

The  efficiency  of  a  mechanical  draft  tower  is  increased  by  increasing 
height,  area,  or  air  quantity.  Increasing  the  height  increases  the  length 
of  time  the  air  is  In  contact  with  the  water  without  affecting  seriously  the 
fan  power  required,  but  it  increases  the  pumping  power  needed.  In- 
creasing the  area  while  maintaining  constant  fan  power  increases  the  air 
quantity  somewhat  and  because  of  lowered  velocities  it  increases  the 
time  this  air  is  in  contact  with  the  water.  The  surface  area  of  water  in 
contact  with  the  air  is  increased  in  both  cases.  Increasing  the  air  quantity 
decreases  the  time  the  air  Is  in  contact  with  the  water,  but,  since  a  greater 
quantity  Is  passing  through,  the  average  differential  between  the  water 
temperature  and  the  wet-bulb  temperature  of  the  air  is  increased,  and 
this  speeds  up  the  heat  transfer  rate.  Increased  air  quantities  are 
obtained  only  at  the  expense  of  increased  fan  power,  which  increases 
approximately  as  the  cube  of  the  air  quantity.  Air  velocities  through 
mechanical  draft  towers  vary  from  250  to  600  fpm  over  the  gross  area  of 
the  structure. 

Mechanical  draft  water  cooling  equipment  may  be  set  up  inside  build- 
ings, where  It  usually  draws  Its  air  supply  from  the  general  space  in  which 
it  Is  installed,  and  discharges  Its  exhaust  air  through  a  duct  to  the  outside. 
Indoor  cooling  towers  may  be  either  of  the  wood-filled  or  the  spray-filled 
type.  In  many  cases  where  little  height  but  considerable  area  is  available, 
water  is  cooled  In  a  spray-filled  structure  similar  to  an  air  washer,  with 
the  air  passing  horizontally  through  the  apparatus  and  being  discharged 
through  a  duct  to  the  outside.  Such  apparatus  does  not  have  the  counter- 
iow  advantage  of  the  vertical  mechanical  draft  water  cooling  equipment, 
and  therefore  requires  a  much  larger  excess  of  air  for  proper  operation. 
Air  velocities  and  operating  powers  are  considerably  above  those  required 
by  vertical  mechanical  draft  water  cooling  equipment. 

Coding  Tower  Design 

The  method  of  design  of  equipment  for  energy  transfer  from  water  to 
an  air-water  vapor  mixture  is  similar  to  that  used  for  absorption  equip- 
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ment.  Details  of  this  procedure  are  available2'  3r  4  and  its  application  to 
the  problem  of  the  cooling  tower  is  illustrated  by  the  following  develop- 
ment. The  nomenclature  used  is  as  follows: 

a  =  wetted  area,  square  feet  per  cubic  foot  of  tower  volume. 

c  =  specific  heat  of  liquid  water,  Btu  per  pound  per  degree  Fahrenheit. 

e  =  effectiveness. 

s  =  natural  base. 

K  —  overall    mass    unit    conductance,    pounds   per   (hour)    (square  foot)    (pound 

per  pound). 

G  =  weight  rate  of  flow  of  air,  pounds  per  hour. 
h  =  enthalpy,  Btu  per  pound. 
ka  =  enthalpy  of  air-vapor  mixture,  Btu  per  pound. 

A"  =  enthalpy  of  saturated  air-vapor  mixture  at  water  temperature,  Btu  per  pound. 

L  =  water  rate,  pounds  per  hour. 

5  =  cross-sectional  area  of  cooling  tower,  square  feet. 
t  =  water  temperature,  degrees  Fahrenheit. 
fwb  =  wet-bulb  temperature,  degrees  Fahrenheit. 

V  =  tower  volume,  cubic  foot. 

m  =  slope  of  saturation  line  on  a  temperature  enthalpy  diagram. 
/m  =  logarithmic  mean. 

Subscripts  1  and  2  refer  to  water  entrance  and  exit  sections  respectively,  for  the 
counter-flow  tower. 

A  section  of  a  typical  counter-flow  tower  is  shown  in  Fig.  4.  If  the 
reduction  in  water  rate  due  to  evaporation  within  the  volume  is  neglected, 
the  energy  balance  for  this  differential  section  of  the  exchanger  volume 
may  be  written  as: 

L  c  d  t  =  G  d  h  (2) 

The  potential  for  energy  transfer  from  the  water  to  the  mixture  in 
contact  with  it  may  be  expressed  with  reasonable  accuracy  as  the  dif- 
ference between  the  enthalpy  of  saturated  air  at  the  water  temperature, 
A",  and  the  enthalpy  of  the  main  stream  air  vapor  mixture,  fta.  The  rate 
of  energy  transfer  is  given  by  the  expression : 

KaW-kJdV  (3) 

which  equation  defines  the  overall  rate  coefficient,  Ka ;  the  latter  being 
the  product  of  the  overall  mass  unit  conductance,  JC,  and  the  ratio  of 
the  transfer  surface  to  the  exchanger  volume,  a. 

Equations  2  and  3  are  conveniently  illustrated  by  means  of  the  tem- 
perature-enthalpy diagram  of  Fig.  5.  Equation  2  indicates  that  the 
succession  of  air  and  water  states  existing  in  the  exchanger  sections  must 
combine  to  form  a  straight  line  (for  L  =  constant)  on  the  temperature 

enthalpy  diagram.     The  slope  of  this  operating  line  is  -77  =  -~>.    Since 

at         O- 

the  heat  capacity  of  water  is  approximately  unity,  this  slope  is  the  ratio 
of  the  water  to  the  air  rate.  Equation  3  indicates  that  the  potential  for 

^Principles  of  Chemical  Engineering,  by  W.  H.  Walker,  W.  K.  Lewis,  W.  H.  McAdamsand  E.  R.  Gilliland 
(McGraw-Hill  Co.,  New  York  City,  1937,  p.  480). 

^Absorption  and  Extraction,  by  T.  K.  Sherwood  (McGraw-Hill  Co.,  New  York  City,  1937,  p.  91). 

^Performance  Characteristics  of  a  Mechanically  Induced  Draft,  Counterflow,  Packed  Cooling  Tower, 
by  A.  L.  London,  W.  E.  Mason  and  L.  M.  K.  Boeiter  (A.S.M.E.  Transactions,  January,  1940,  Vol.  S2,  p,  41). 
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energy  transfer  at  any  section  is  the  difference  between  the  enthalpy  of 
saturated  air  at  the  water  temperature  of  that  point  and  the  enthalpy 
of  the  air  in  contact  with  that  water.  This  potential  is  the  difference  in 
ordinates  between  the  saturation  and  operating  lines  for  the  water  tem- 
perature at  the  point  considered. 

Combination  of  equations  2  and  3  results  in  the  expression : 

Cdh  =  Ka  (A"-Aa)<*r  (4) 


Integrating  this  equation  over  the  length  of  the  exchanger: 

i 
'  G        dh 


A 

J    ^ 


h*  - 


__       T" 


(5) 


The  integration  of  the  left  side  of  Equation  5  determines  the  tower 
volume  required  to  achieve  the  desired  energy  exchange.  This  summation 
is  readily  accomplished  for  counter  and  parallel  flow  arrangements.  G  and 


Conditions  1 


Water 

flow 


L 

Lb  per  hr 


Energy  exchange 
Lcdt=Gdh 


Aif 
flow 


G 
Lbper  hr 


dV 


Conditions  2 
FIG.  4.    SECTION  OF  TYPICAL  COUNTER-FLOW  TOWER 

Ka  are  usually  independent  of  the  tower  volume  and  Equation  5  then 

becomes : 

i 

dh  Ka  I 


(6) 


KaV  . 


is  defined  as  the  Number  of  Transfer  Units  (A 


The  Integration  is  made  numerically  or  graphically.  In  the  graphical 
integration  r« -r-  Is  evaluated  as  a  function  of  Aa.  This  determination 

n     ~~   /fa 

involves  the  use  of  the  energy  balance  equation  integrated  from  one 
section  to  the  section  in  question.  The  area  under  the  curve  between  any 
two  abscissae  is  the  number  of  transfer  units  required  to  change  the  air 
state  from  As  to  hi. 

The  overall  rate  coefficient,  Kat  must  be  known  if  the  tower  volume  is 
to  be  determined.  Experiments  conducted  on  towers  containing  different 
packing  construction  have  yielded  some  magnitudes  of  this  coefficient, 
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evaluated  on  an  overall  basis.  These  data  are  presented  in  Fig.  6  as  a 
function  of  the  gas  mass  velocity  through  the  packing,  and  apply  only 
to  the  particular  packing  structure  for  which  they  were  obtained.  Ka 
may  also  be  a  function  of  the  water  rate,  since  a  reduction  of  the  water 
rate  may  reduce  the  wetted  area  within  the  exchanger5.  The  results 
included  in  Fig.  6  probably  represent  values  of  Ka  obtained  with  com- 
plete wetting. 

A  typical  design  procedure  is  illustrated  in  the  example   following; 

Example  1.  The  rate  of  air  flow,  arbitrarily  assumed  in  the  data  given,  is  related  to 
the  tower  volume  by  economic  considerations.  A  balance  between  air  rate  and  tower 
volume  rests  on  consideration  of  the  costs  of  producing  air  flow  and  of  the  tower  con- 
struction8. A  counter-flow  forced  draft  cooling  tower  is  to  cool  36,000  Ib  of  water  per 


60  70  80 

TEMPERATURE.  DEG  FAHR 

FIG.  5.    TEMPERATURE  ENTHALPY  DIAGRAM  FOR  AIRT  WATER,  VAPOR  MIXTURE 
SHOWING  AN  OPERATING  LINE  FOR  A  COUNTER-FLOW  COOLING  TOWER 

hour  from  an  initial  temperature  of  144  F  to  a  final  temperature  of  100  F,  Air  having 
an  initial  condition  of  65  F  dry-bulb  and  58  F  wet-bulb  temperature  will  be  forced 
through  the  tower  counter  to  the  direction  of  water  flow  at  the  rate  of  30,000  Ib  of  dry 
air  per  hour. 

The  cross-section  of  the  tower  is  to  be  6  ft  x  6  ft  and  the  packing  is  to  be  of  the  type 
producing  a  rate  coefficient  as  indicated  in  curve  No.  2  of  Fig.  6. 


Solution: 

Initial  air  enthalpy 

Final  air  enthalpy: 


25  Btu  per  pound. 


(hi  - 


*Loc.  CIt,  Note  4. 
•Loc.  Qt.  Note  2,  p.  142. 


w.  *£Ul-tf 
*s;       ^  **x      **' 

,       36,000  X  1 
^j  30,000 

77.8  Btu  per  pound  dry  air. 
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A  numerical  Integration  (Table  4)  is  employed  to  determine  the  Number  of  Transfer 
Units  (NTU)  required.     Temperature  increments  of  2  F  are  used  between  successive 

determinations  of  the  quantity  r= =-.  The  energy  balance  indicates  that  the  enthalpy 

«•     "—  /la 
Increments  corresponding  to  these  temperature  increments  are: 


36,000 
30,000 


X  2  =  2.4  Btu  per  pound. 


The  result  of  the  integration  is  that  the  Number  of  Transfer  Units  required  (NTU) 

=  0.757. 


Unit  gas  mass  velocity, 


30,000 


5         6X6 
From  Fig.  6,  Ka  =  138  Ib  per  hour  per  cubic  foot. 

The  tower  volume  required  is: 


=  830  Ib  per  hour  per  square  foot. 


V 


£  C.vro  =  ^  x  0.757 


138 


217  X  0.757  =  164  cu  ft. 


Height  of  the  packed  section  is: 


164 
6X6 


4.6  ft. 


The  graphical  solution  for  the  Number  of  Transfer  Units  required  for  the  desired 

performance  is  plotted  in  Fig.  7.    TS r-  is  plotted  as  a  function  of  h,  and  the  area 

n     —  »a 

under  the  curve  from  the  initial  enthalpy  of  the  air,  25  Btu  per  pound,  to  the  final 
enthalpy  of  the  air,  77.8  Btu  per  pound  is  6.757,  the  Number  of  Transfer  Units  required. 
The  effect  of  the  rapid  decrease  in  potential  due  to  the  cooling  of  the  water  is  indicated 
by  comparison  of  area  A  i,  .4  a,  and  A 3  of  Fig.  7.  Each  represents  the  Number  of  Transfer 
Units  required  to  achieve  a  water  temperature  reduction  of  about  15  F. 

Ai  -  0.132  NTU  (144  to  130  F) 
A*  -  0.251  NTU  (130  to  115  F) 
A$  =  0.369  NTU  (115  to  100  F) 

TABLE  4.    INTEGRATION  OF  NUMBER  OF  TRANSFER  UNITS 


t 

A. 

k9 

A*  -  A, 

A* 

h®  -  Aa 

100 

25.0 

71.4 

46.4 

0.052 

102 

27.4 

75.0 

47.6 

0.050 

104 

29.8 

78.9 

49.1 

0.049 

106 

32.2 

83.0 

50.8 

0.047 

103 

34.6 

87.3 

52.7 

0.045 

110 

37,0 

91.8 

54.8 

0.044 

112 

39.4 

96,7 

57.3 

0.042 

114 

41.8 

101.7 

59.0 

0.040 

116 

44.2 

107.1 

02.9 

0.038 

118 

46.6 

112.8 

66.2 

0.036 

120 

49,0 

118.9 

69.9 

0.034 

122 

51,4 

125.2 

73.8 

0.032 

124 

53,8 

132.1 

78.3 

0.030 

126 

56.2 

139.2 

83.0 

0.029 

128 

58.6 

146.8 

88.2 

0.027 

130 

fll.0 

154,9 

93.9 

0.025 

132 

83.4 

163.7 

100.3 

0.023 

134 

65.8 

172.9 

107.1 

0.022 

1« 

68.2 

182.6 

114.4 

0.021 

138 

70.6 

193.1 

122.5 

0.020 

140 

7,1.0 

204.3 

131,3 

0.018 

1*2 

75.4 

216.3 

140.9 

0.017 

144 

77,8 

229.0 

151.2 

0.016 

0.757 
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When  the  relationship  between  the  enthalpy  of  the  saturated  air  and  the  temperature 
Is  linear  over  the  range  of  water  temperatures  involved,  it  can  be  shown7  that  the  logarith- 
mic mean  of  the  terminal  potentials,  A^im,  ss  the  correct  driving  force.  This  is  true  to  a 
good  approximation  when  the  water  cooling  does  not  exceed  15  F.  The  approximation  to 
linearity  may  be  determined  by  inspection  of  Table  6,  Chapter  1,  or  the  temperature 
enthalpy  diagram  of  Fig.  5.  When  the  logarithmic  mean  is  a  valid  potential,  Equation  6 
may  be  written: 

hi  —  &i  _  KaV  -« 

Afem      "      G  l '  } 

and  the  need  for  the  numerical  integration  for  the  determination  of  the  tower  volume  is 
eliminated. 

The  application  of  the  foregoing  design  method  to  atmospheric  towers 
is  difficult  because  rate  coefficients  and  flow  conditions  are  not  yet  well 
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FIG.  6.    UNIT  CONDUCTANCES  FOR  VARIOUS  TYPES  OF  PACKING  CONSTRUCTION 


defined  for  such  equipment.  If  these  are  known,  application  of  Equation 
7  to  sections  of  the  tower  small  enough  to  justify  use  of  the  logarithmic 
mean  potential  will  yield  the  tower  volume  required  for  each  section. 
The  sections  must  be  taken  perpendicular  to  the  path  of  water  flow.  A 
correction  to  adjust  the  logarithmic  mean  potential,  evaluated  as  for 
counter-flow,  to  the  reduced  effectiveness  of  cross-flow,  has  been  derived 
for  heat  transfer  and  may  be  applied  to  this  case8. 

Atmospheric  towers  operate  with  natural  draft,  produced  in  a  vertical 
direction  by  the  stack  action  of  the  tower  structure,  at  zero  velocity  of  the 

^Loc.  Cit.  Note  3,  p.  79. 

•Heat  Transmlssbra,  by  W.  H.  McAdams  (McGraw-Hill  Co.,  New  York  City,  19S3,  p,  157). 
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approach  wind.  Approach  wind  of  sufficient  magnitude  (the  magnitude 
depending  on  the  baffle  arrangement  which  is  designed  to  reduce  drift) 
will  cause  cross-flow  augmenting  the  natural  draft.  An  adequate  design 
requires  the  consideration  of  both  flow  conditions. 

Expression  for  Cooling  Tower  Performance 

The  performance  of  a  cooling  tower  is  described  in  terms  of  its  effective- 
ness as  an  energy  exchanger.  The  effectiveness  is  defined  as  the  ratio  of 
the  energy  actually  exchanged  to  the  energy  available  for  exchange. 

Effectiveness  expressions: 

Casel.    The  slope  of  the  operating  line  on  the  t  —  k  diagram  exceeds  the  slope  of  the 

saturation  line  in  the  region  of  water  temperatures  considered. 


20 


15 


JL 


40  50  60 

Am  ENTHALPY,  BTU  PER  IB  DRY  AIR 
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FIG.  7.   GRAPHICAL  INTEGRATION  TO  DETERMINE  NUMBER  OF  TRANSFER  UNITS 

REQUIRED  FOR  DESIRED  OPERATING  CONDITIONS  OF  EXAMPLE  1 

Case  t .    The  slope  of  the  saturation  Sine  exceeds  that  of  the  operating  line. 


~  (/x  -  /wb) 


ti  - 


This  equation  represents  the  approach  to  wd-bulb. 

Usual  tower  operating  conditions  conform  to  Case  1.  Because  of  the 
curvature  of  the  saturation  line,  operating  conditions  may  present  them- 
selves to  which  neither  Case  1  nor  2  applies.  Since  a  simple  expression  for 
the  ^intermediate  case  is  not  available,  the  expression  of  Case  1  may  be 

utilized  for  the  small  number  of  operating  conditions  falling  into  the 

intermediate  classification. 

When  the  logarithmic  mean  enthalpy  difference  is  a  sufficiently  accurate 
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overall  potential  the  effectiveness  as  defined  may  be  expressed  analytically 
as  follows: 


hi  —  h%        ft  —  it 

e  =      »  or  ^ — ^ 


J     - 


(I  - 


-  rr 


(8) 


where  -Y 


is  ~^-  for  Case  1 
G 


ATL'min  is  ~~-  (w)  for  Case  2 
and  rf  is  the  ratio,  —  -^  or  -=—  t  taken  so  that  It  is  alwavs  less  than  unitv. 

W(jr  LC 

The  average  slope  of  the  saturation  line  is,  to  a  good  approximation, 
the  slope  of  the  chord  of  the  saturation  line  between  the  entrance  and 
exit  water  temperatures.  Solution  of  Equation  8  offers  a  method  for 
determining  the  performance  of  a  given  tower  when  the  number  of  trans- 
fer units,  gas,  and  water  rates  are  known  and  the  slope  of  the  saturation 
line  does  not  vary  greatly  in  the  temperature  range  involved.  If  these 
same  data  are  available,  a  trial  and  error  solution  of  Equation  7  will  also 
yield  the  tower  performance. 

Make-Up  Water 

Since  the  atmospheric  water  cooling  equipment  performs  its  functions 
chiefly  by  evaporating  a  portion  of  the  water  in  order  to  cool  the  re- 
mainder, there  is  a  continual  drain  on  the  quantity  of  water  in  the  system, 
and  this  loss  must  be  replaced.  Approximately  1  gal  of  water  is  lost  for 
every  1000  gal  of  water  cooled  per  degree  of  cooling  range;  so  if  1000  gpm 
of  water  are  cooled  through  a  10  F  range,  10  gpm  of  water  will  be  re- 
quired to  replace  evaporated  water.  Replacement  supply  is  usually 
regulated  by  a  float  control  valve.  Because  the  evaporation  of  the  water 
leaves  behind  the  salts  which  the  water  contained,  high  concentration  of 
salts  may  make  chemical  treatment  of  the  make-up  water  necessary  to 


TABLE  5.  COMPARISON  OF  VARIOUS  TYPES  OF  ATMOSPHERIC  WATER  COOLING  EQUIPMENT 

Figures  indicate  order  of  desirability 


COOLING 
POND 

SPUIT 

PONB 

SFRA.Y 

TOWIB 

DUCK 
TQWIEE 

MlCHAOTCAL 
DttAFT 

Imxxm 
TOWTO 

Cost  „. 

X 

2 

1 

3 

4 

5 

Height  
Weight  per  square  foot  

5 

1 

X 

4 
2 

X 

3 
3 
1 

2 

4^5 
3 

1 

4-5 
4 

X 
X 

2 

Independence  of  wind  velocity  
Drift  nuisance  -     .  ~  

6 
I 

3 
6 

4 
5 

5 

4 

1-2 
2-3 

1-2 
2-3 

Make-up  water  required—  

1 

6 

5 

4 

2-3 

2-3 

Pumping  head          .     .. 

1 

2 

3 

4-5 

4-5 

6 

Maintenance  

2 

1 

3 

4 

5 

6 

Suitability  for  congested  districts  
Water  quantity  required  for  definite 
result  „  

X 

6 

5 
5 

4 

4 

3 
1-2 

1 
1-2 

2 
3 

zNot  comparable. 
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avoid  excessive  deposits  in  the  condensers.  An  additional  amount  of 
make-up  water  must  be  added  to  replace  windage,  or  drift  loss.  This 
additional  amount  of  water  varies  from  0.1  to  3  per  cent  of  the  quantity 
of  water  being  circulated,  this  percentage  depending  upon  the  type  of 
equipment  and  the  wind  velocity, 

Winter  Freezing 

If  atmospheric  water  cooling  equipment  is  operated  in  freezing  weather, 
the  water  may  be  cooled  below  freezing  temperature  so  ice  forms  and 
collects  until  its  weight  causes  damage.  To  obviate  freezing  during  con- 
tinued operation,  the  efficiency  of  the  apparatus  may  be  lowered.  This 
is  done  on  the  spray  pond  and  the  spray  cooling  tower  by  reducing  the 
quantity  of  water  fed  to  the  apparatus,  thereby  lowering  the  pressure  at 
the  nozzles  and  increasing  the  size  of  the  drops  produced.  On  the  deck 
tower  the  upper  system  may  be  shut  off  and  a  secondary  distribution 
system  put  in  service  midway  down  the  height  of  the  tower.  The  water 
will  be  kept  above  freezing  because  it  will  have  shorter  contact  with  the 
air.  The  mechanical  draft  tower  can  be  protected  by  reducing  the  air 
flow  through  the  tower,  by  stopping  or  reducing  the  speed  of  the  fans,  or 
by  partially  closing  dampers. 

If  the  system  is  operated  intermittently  in  freezing  weather,  water  in 
the  basin  may  freeze  and  the  expansion  of  the  ice  may  do  harm.  Freezing 
during  intermittent  operation  can  be  prevented  only  by  draining  the 
water  basin  when  it  is  out  of  service.  On  small  roof  installations,  a  tank 
large  enough  to  hold  all  the  water  in  the  system  is  often  installed  inside 
the  building  and  the  basin  is  drained  into  this  by  gravity,  the  pump  suc- 
tion being  taken  from  this  inside  tank. 

A  comparison  of  various  types  of  water  cooling  equipment  is  given  in 
Table  5. 
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Chapter  27 

AIR  POLLUTION 

Classification   of  Air   Impurities*   Dust    Concentrations^   Air 

Pollution  and  Health,  Occlusion  of  Solar  Radiation.,  Smoke 

and  Air  Pollution  Abatement,  Dust  and  Cinders,  Nature's 

Dust  Catcher 

THE  particulate  impurities  which  contribute  to  atmospheric  pollution 
include  carbon  from  the  combustion  of  fuels,  particles  of  earth,  sand, 
ash,  rubber  tires,  leather,  animal  excretion,  stone,  wood,  rust,  paper, 
threads  of  cotton,  wool,  and  silks,  bits  of  animal  and  vegetable  matter, 
and  pollen.  Microscopic  examination  of  the  impurities  in  city  air  shows 
that  a  large  percentage  of  the  particles  are  carbon. 

CLASSIFICATION  OF  AIR  IMPURITIES 

The  most  conspicuous  sources  of  atmospheric  pollution  may  be 
classified  in  various  ways,  as  dusts,  fumes  and  smoke.  In  Fig.  1,  the 
classification  is  by  particle  size,  but  recent  practice  favors  differentiation 
by  method  of  formation.  Thus,  dusts  are  composed  of  particles  produced 
by  disintegration  of  larger  material,  as  by  crushing  or  grinding,  whereas 
fumes  are  produced  by  condensation,  and  smoke  consists  of  the  finer 
carbon  particles  resulting  from  incomplete  combustion.  Similarly,  mists 
are  formed  by  the  breaking  up  of  liquids  and  fogs  by  condensation  of 
vapors.  There  is  as  yet,  however,  no  general  agreement  on  these  terms. 

Dusts  tend  to  settle  without  agglomeration,  fumes  to  aggregate  and 
smoke  to  diffuse.  Particles  which  approach  the  common  bacteria  in 
size — from  1  to  10  microns — are  difficult  to  remove  from  air  and  are  apt 
to  remain  in  suspension  unless  they  can  be  agglomerated  by  artificial 
means.  The  term  fly-ash  is  usually  applied  to  the  microscopic  glassy 
spheres  which  form  the  principal  solid  constituent  of  the  effluent  gases 
from  powdered-coal  fired  furnaces.  Cinders  denote  the  larger  solid 
constituents  which  may  be  entrained  by  furnace  gases. 

Particles  larger  than  10  microns  are  unlikely  to  remain  suspended  in  air 
currents  of  moderate  strength.  Only  violent  air  motion  will  sustain  them 
in  air  long  enough  for  them  to  be  breathed.  This  means  that,  in  hygienic 
problems,  the  engineer  is  concerned  mostly  with  suspensions  of  particles 
comparable  to  the  common  bacteria  in  size.  A  notable  exception  to  this 
size  limitation  is  the  common  hay-fever  producing  pollen  such  as  that 
from  rag-weed.  Pollen  grains  may  be  anything  from  fragments  15 
microns  in  diameter  to  whole  pollens  25  microns  or  more  in  size. 
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Although  It  is  possible  under  certain  conditions  to  recognize  the 
presence  of  particles  smaller  than  10  microns,  the  normal  eye  is  unable  to 
resolve  any  dimension  under  about  50  microns,  and  thus  all  air  floated 
material  of  this  kind  is  too  small  to  identify  without  the  aid  of  a  micro- 
scope. 
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FIG,  1.    SIZES  AND  CHARACTERISTICS  OF  AIR-BORNE  SOLIDS 

Mineral  particles,  such  as  grains  of  sand,  bits  of  rock,  volcanic  ash,  or 
fly-ash,  can  be  transported  long  distances  under  unusual  circumstances. 
Thus,  the  dust  storms  of  1935  in  the  Kansas  district  resulted  in  vast 
amounts  of  fine  top  soil  being  thrown  high  into  the  air.  Solar  illumination 
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TABLE  1. 


APPROXIMATE  LIMITS  OF  INFLAMMABILITY  OF  SINGLE  GASES  AND  VAPORS 
IN  AIR  AT  ORDINARY  TEMPERATURES  AND  PREssunESa 


GAS  OR  VAPOR 


Lowm  LOOT 
VOLTXI  w  Pirn  CHIT 


Pn  Crar 


Hydrogen !  4.1 

Ammonia ]  16.0 

Hydrogen  sulphide 4.8 

Carbon   disulphide 1.0 

Carbon  monoxide '  12 . 5 

i 

Methane 5 . 3 

Methane  (turbulent  mixture) i  5.0 

Ethane _ 3.2 

Propane '  2 . 4 

Butane . 1 . 9 

Pentane 1.45 

Ethylene _ j  3 . 0 

Acetylene ~ _..!  3.0 

Acetylene  (turbulent  mixture) _ 2.3 

Benzene , 1 . 4 

Toluene 1 . 4 

Cyclohexane. „ I  1 . 3 

Methyl  cyclohexane 1 .2 

Methyl  alcohol :  7.0 

Ethyl  alcohol 4 . 0 

Ethyl  ether.- I  1.7 

Benzine   -      . ...         .......            -..  1.1 

Gasoline.™ - '  1.4 

Water  gas... !  6  to  9 

Ethylene  oxide ~ 3 . 0 

Acetaldehyde -.  4 . 0 

Furfural  (125  C) 2.0 

Acetone 3 . 0 

Acetone  (turbulent  mixture) _ 2.5 

Methyl  ethyl  ketone. ... 2.0 

Methyl  formate 6 . 0 

Ethyl  formate 3 . 5 

Methyl  acetate, 4 . 1 

Ethyl  acetate - 2 . 5 

Propyl  acetate 2 . 0 

Butyl  acetate  (30  C). 1.7 

Ethyl  nitrite. _ _.  3 . 0 

Methyl  chloride _ 8 . 0 

Methyl  bromide _ 13. 5 

Ethyl  chloride _ 4 . 0 

Ethyl  bromide _ 7.0 

Ethylene  dichloride 6 . 0 

Dichlorethylene 10 . 0 

Vinyl  chloride _ « 4 . 0 

Pyridine  (70  C) _ -.  1 . 8 

Natural  gaa _ _ 4 . 8 

Illuminating  gas. . . 5.3 

Blast-furnace  sas. «„. . „.,.. 35 . 0 


74.0 
27.0 
46.0 
50.0 
74.0 

14.0 

15.0 

12.5 

9.5 

8.5 

7.5 
29.0 


7.0 


19.0 

26.0 

"6.0 

55  to  70 

80.0 

57.0 
IlV6 


20.0 
16.5 
14.0 
11.5 


19.0 
14.5 
15.0 

11.0 
16.0 
13.0 
22.0 

12.5 
13.5 
31.0 

74.0 


•Limits  of  Inflammability  of  Gases  and  Vapors,  b^  EL  F.  Coward  and  G.  W.  Jones,  (17.  5.  Bnrmu  cf 
Mima,  BmMMm  No.  «9,  1981). 
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as  far  east  as  Boston  was  affected  noticeably  and  particles  as  large  as  40 
to  50  microns  were  actually  carried  half  way  across  the  continent  before 
they  settled  out.  In  similar  manner  volcanic  ash  has  been  carried  even 
further.  It  is  not  surprising,  therefore,  that  fly-ash  from  furnace  gases, 
cement  dust  and  the  like,  can  be  carried  for  considerable  distances  and 
occasionally  the  engineer  is  confronted  with  the  problem  of  removing  such 
material  before  the  air  in  question  is  suitable  for  use  in  building  venti- 
lation. 

The  physical  properties  of  the  particulate  impurities  of  air  are  summar- 
ized conveniently  in  the  chart  of  Fig.  1. 

In  the  case  of  gases,  the  objectionable  features  are  the  injurious 
physiological  effects  and  the  danger  from  inflammability.  See  Table  1. 

Dust  Concentrations 

It  is  customary  to  report  dust  concentrations  as  grains  per  1000  cu  ft 
or  milligrams  per  cubic  meter.  Gas  concentrations  are  commonly  re- 
corded as  milligrams  per  cubic  meter  or  as  parts  per  million  or  as  per 
cent  by  volume.  Typical  ranges  in  dust  concentrations  as  now  found  in 
practical  applications  are  given  in  Table  2. 

TABLE  2.    DUST  CONCENTRATION  RANGES  IN  PRACTICAL  APPLICATIONS'* 


APPLICATION 

GEMNS  Pis  1000  Cu  FT 

Mas  PEB  Cu  M 

Rural  and  suburban  districts  

0.2  to    0.4 

0.4  to  0.8 

Metropolitan  districts 

0.4to    0.8 

0  9  to  1  8 

Industrial  districts  _  

O.Sto    1.5 

1.8  to  3.5 

Dusty  factories  or  mines 

4.0  to  80.0 

10  to  200 

Explosive  concentrations  (as  of  flour  or  soft  coal).. 

4000  to  8000 

10,000  to  20,000 

»I  gr  per  1000  cu  ft  «=  2.3  mga  per  cubic  meter;  1  oz  per  cubic  foot  =  1  g  per  liter. 

The  engineer  frequently  desires  information  regarding  the  effects  of 
various  concentrations  of  gases  or  dusts  upon  man,  as  the  success  of  a 
particular  installation  may  depend  upon  the  maintenance  of  air  which 
is  adequately  clean.  At  the  present  time  there  are  several  organi- 
zations working  on  this  problem  all  of  them  publishing  literature  of 
various  kinds.1  References  to  books  covering  the  hygienic  significance, 
determination  and  control  of  dust  are  listed  at  the  end  of  this  chapter. 

AIR  POLLUTION  AND  HEALTH 

The  prevention  of  various  diseases  which  result  from  exposure  to 
atmospheric  impurities  is  an  engineering  problem.  It  is  important  for 
the  engineer  to  insure,  by  proper  ventilation,  suitable  environments  for 
working  or  for  general  living.  If  the  equipment  used  is  to  be  successful,  it 
must  operate  automatically  as  in  the  modern  air  conditioned  theater  or 
railroad  train. 

In  Table  3  are  given  data  on  permissible  concentrations  of  various 
substances,  gases  and  dusts,  which  occur  in  industry.  The  prudent 

^National  Institute  for  Health,  U.  S.  Public  Health  Service;  Division  of  Labor  Standards,  U.  S.  Depart- 
meot  of  Labor:  Uaiwraty  of  Toronto  Medical  School  Canada;  Saranac  Laboratories.  Saranac  Lake, 
N.Y.jAir  Hygiene  Foundation,  Inc.,  Pittsburgh,  Pa-;  Harwd  School  of  Public  Health,  Boston,  Mass.; 
Ha*eH  Laboratory,  Wilmuuton,  Del.;  and  the  Departments  of  Health  and  of  Labor  In  tbe  United  States 
and  IB  irsunows  prtmncei  of  Canada. 
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engineer  will  design  equipment  using  these  bench  marks  as  the  upper 
limits  of  pollution.  In_  general  it  is  good  practice  to  avoid  recirculation 
of  air  which  contains  originally  toxic  substances.  Obviously  there  may  be 
exceptions  to ^  this  rule,  but  it  is  one  which  is  generally  being  followed  in 
current  practice. 

Bronchitis  is  the  chief  condition  associated  with  exposure  to  thick  dust, 
and  follows  upon  inhalation  of  practically  any  kind  of  insoluble  and  non- 
colloidal  dust.  Atmospheric  dust  in  itself  cannot  be  blamed  for  causing 
tuberculosis,  but  it  may  aggravate  the  disease  once  it  has  started.2 

TABLE  3.    TOXICITY  OF  GASES  AND  FUMES  IN  PARTS  PER  10,000  PARTS  OF  AiRa 


VAPOR  OB  GAS 

RAPIDLY 
FATAL 

MATTMTJM 

CONCINTEATIOK 
FOE  FBQM 
M  TO  1  HOTJB 

HAXBtmc 

CvSCENTSATION 
FOE  1  HOUR 

MAXIMUM 
ALLOWABLE 
FOB  PRCLOKSES 

BxPQSUKl 

Carbon  monoxide  
Carbon  dioxide  

Hydrocyanic  acid 

40 
800-1000 
30 
50-100 
10-20 
10 
2 
4-5 
10-30 

~20~ 
2>£ 
Over  M 
2J£-7J£ 
190 
190 

15-20 

"m 

25 
H 

710 

5-7 
11 
4-6 
1A 

At 

10 

T 

~£¥ 

5 
1-2 
1A 

1 
~W 

#« 

1 

H 

Ko7 

ij£s 

~K7 
Moo 
1 
2 

Ho 

Ammonia  ..  .  ..„  

Hydrochloric  acid  gas.  
Chlorine..—  „_  

Hydrofluoric  acid  gas  
Sulphur  dioxide  
Hydrogen  sulphide  
Carbon  bisulphide  
Phosphene  
Arsine.  ~  

Phosgene 

Nitrous  fumes  
Benzene  

3~St7 
31-47 
HH 

K4§° 
50 

Toluene  and  xylene  
Aniline  



Nitrobenzene  
Carbon  tetrachloride  
Chloroform  
Tetrachlorethane.  
Trichlorethylene  

~4~8Q~ 
»250 
73 
370 
1500-3000 
200-400 

*240" 
140 

Methyl  chloride. 

200-400 
20-40 

70 
10 

5-10 
2 
0.15  mg/cu  m 

1  mg/cu  m 

Methyl  bromide  
Lead  dust  
Quartz  dust  

"Adapted  from  Y.  Henderson  and  H.  Haggard.  (See  Noxious  Gases,  19X7,  and  Lessons  Learned  from 
Industrial  Gases  and  Fumes,  Institute  of  Chemistry  of  Great  BfUain  and  Ireland,  London,  1930.) 

The  sulphurous  fumes  and  tarry  matter  In  smoke  are  more  dangerous 
than  the  carbon.  In  foggy  weather  the  accumulation  of  these  substances 
in  the  lower  strata  may  be  such  as  to  cause  irritation  of  the  eyes,  nose,  and 
respiratory  passages.  The  Meuse  Valley  fog  disaster  will  probably  become 
a  classic  example  in  the  history  of  gaseous  air  pollution.  Released  in  a 
rare  combination  of  atmospheric  calm  and  dense  fog,  it  is  believed  that 
sulphur  dioxide  and  other  toxic  gases  from  the  industrial  region  of  the 
valley  caused  63  sudden  deaths,  and  injuries  to  several  hundred  persons. 

Carbon  monoxide  from  automobiles  and  from  chimney  gases  consti- 
tutes another  important  source  of  aerial  pollution  in  busy  cities.  During 

'Physiological  Response  of  the  Peritoneal  Tissue  to  Dusts  Introduced  as  Foreign  Bodies*  by  Miller 
and  Sayers  (C7.  5.  P«M&  Health  Reports,  49:80,  1934). 

529 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

heavy  traffic  hours  and  under  atmospheric  conditions  favorable  to  con- 
centration, the  air  of  congested  streets  is  found  to  contain  enough  CO  to 

menace  the  health  of  those  exposed  over  a  period  of  several  hours,  par- 
ticularly if  their  activities  call  for  deep  and  rapid  breathing.    In  open  air 

under  ordinary  conditions  the  concentration  of  CO  in  city  air  is  insufficient 

to  affect  the  average  city  dweller  or  pedestrian. 

Occlusion  of  Solar  Radiation 

The  loss  of  light,  particularly  the  occlusion  of  solar  ultra-violet  light 
due  to  smoke  and  soot,  is  beginning  to  be  recognized  as  a  health  problem 
in  many  industrial  cities.  Measurements  of  solar  radiation  in  Baltimore3 
by  actinic  methods  show  that  the  ultra-violet  light  in  the  country  was 
50  per  cent  greater  than  in  the  city.  In  New  York  City4  a  loss  as  great  as 
50  per  cent  in  visible  light  was  found  by  the  photo-electric  cell  method. 

Recent  studies5  in  Pittsburgh  indicate  that  heavy  smoke  pollution  is 
definitely  unhealthful.  Heretofore  adequate  proofs  on  this  point  were 
lacking. 

The  aesthetic  and  economic  objections  to  air  pollution  are  so  definite, 
and  the  effect  of  air-borne  pollen  can  be  shown  so  readily  as  the  cause  of 
hay  fever  and  other  allergic  diseases,  that  means  and  expenses  of  pre- 
vention or  elimination  of  this  pollution  are  justified. 

SMOKE  AND  AIR  POLLUTION  ABATEMENT 

Successful  abatement  of  atmospheric  pollution  requires  the  combined 
efforts  of  the  combustion  engineer,  the  public  health  officer,  and  the 
public  itself.  The  complete  electrification  of  industry  and  railroads,  and 
the  separation  of  industrial  and  residential  communities  would  aid 
materially  in  the  effective  solution  of  the  problem. 

In  the  large  cities  where  the  nuisance  from  smoke,  dust  and  cinders  is 
the  most  serious,  limited  areas  obtain  some  relief  by  the  use  of  district 
heating.  The  boilers  in  these  plants  are  of  large  size  designed  and  oper- 
ated to  burn  the  fuel  without  smoke,  and  some  of  them  are  equipped  with 
dust  catching  devices.  The  gases  of  combustion  are  usually  discharged  at 
a  much  higher  level  than  is  possible  in  the  case  of  buildings  that  operate 
their  own  boiler  plants. 

In  general,  time,  temperature  and  turbulence  are  the  essential  require- 
ments for  smokeless  combustion.  Anything  that  can  be  done  to  increase 
any  one  of  these  factors  will  reduce  the  quantity  of  smoke  discharged. 
Especial  care  must  be  taken  in  hand-firing  bituminous  coals.  (See 
Chapter  7,) 

Checker  or  aHermaie  firing,  in  which  the  fuel  is  fired  alternately  on 
separate  parts  of  the  grate,  maintains  a  higher  furnace  temperature  and 
thereby  decreases  the  amount  of  smoke. 

Coking  and  firing  In  which  the  fuel  is  first  fired  close  to  the  firing  door 
and  the  coke  pushed  back  into  the  furnace  just  before  firing  again,  pro- 

HUfacta  erf  Atimpheric  Pollution  Upon  Incidence  of  Solar  Ultra-Violet  Light,  by  J,  H.  Shrader,  M.  H 
CaMeato  »nd  F.  A.  Korff  (Amtfiant  Jmtmttl  a/  PmMie  ffwJtt,  p.  7,  VoL  19,  1929). 
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duces  the  same  effect.  The  volatiles  as  they  are  distilled  thus  have  to 
pass  over  the  hot  fuel  bed  where  they  will  be  burned  if  they  are  mixed  with 
sufficient  air  and  are  not  cooled  too  quickly  by  the  heat-absorbing  surfaces 
of  the  boiler. 

Steam  or  compressed  air  jets,  admitted  over  the  fire,  create  turbulence 
in  the  furnace  and  bring  the  volatiles  of  the  fuel  more  quickly  into  contact 
with  the  air  required  for  combustion.  These  jets  are  especially  helpful 
for  the  first  few  minutes  after  each  firing.  Frequent  firings  of  small 
charges  shorten  the  smoking  period  and  reduce  the  density.  Thinner 
fuel  beds  on  the  grate  increase  the  effective  combustion  space  in  the 
furnace,  supply  more  air  for  combustion,  and  are  sometimes  effective  in 
reducing  the  smoke  emitted,  but  care  should  be  taken  that  holes  are  not 
formed  in  the  fire.  A  lower  volatile  coal  or  a  higher  gravity  oil  always 
produces  less  smoke  than  a  high  volatile  coal  or  low  gravity  oil  used  in 
the  same  furnace  and  fired  in  the  same  manner. 

The  installation  of  more  modern  or  better  designed  fuel  burning  equip- 
ment, or  a  change  in^the  construction  of  the  furnace,  will  often  reduce 
smoke.  The  installation  of  a  Dutch  oven  which  will  increase  the  furnace 
volume  and  raise  the  furnace  temperature  often  produces  satisfactory 
results. 

In  the  case  of  new  installations,  the  problem  of  smoke  abatement  can 
be  solved  by  the  selection  of  the  proper  fuel-burning  equipment  and 
furnace  design  for  the  particular  fuel  to  be  burned  and  by  the  proper 
operation  of  that  equipment.  Constant  vigilance  is  necessary  to  make 
certain  that  the  equipment  is  properly  operated.  In  old  installations  the 
solution  of  the  problem  presents  many  difficulties,  and  a  considerable 
investment  in  special  apparatus  is  necessary. 

Legislative  measures  at  the  present  time  are  largely  concerned  with  the 
smoke  discharged  from  the  chimneys  of  boiler  plants.  Practically  all  of 
the  ordinances  limit  the  number  of  minutes  in  any  one  hour  that  smoke  of 
a  specified  density,  as  measured  by  comparison  with  a  Ringelmann  Chart 
(Chapter  34),  may  be  discharged. 

These  ordinances  do  not  cover  the  smoke  discharged  at  low  levels  by 
automobiles,  and,  although  they  have  been  instrumental  in  reducing  the 
smoke  emitted  by  boiler  plants,  they  have,  in  many  instances,  increased 
the  output  of  chimney  dust  and  cinders  due  to  the  use  of  more  excess  air 
and  to  greater  turbulence  in  the  furnaces. 

Legislative  measures  in  general  have  not  as  yet  covered  the  noxious 
gases,  such  as  sulphur  dioxide,  nor  sulphuric  acid  fog,  which  are  dis- 
charged with  the  gases  of  combustion.  Where  high  sulphur  coals  are 
burned,  these  sulphur  gases  present  a  serious  problem. 

DUST  AND  CINDERS 

The  impurities  in  the  air  other  than  smoke  come  from  so  many  sources 
that  they  are  difficult  to  control.  Only  those  which  are  produced  in 
large  quantities  at  a  comparatively  few  points,  such  as  the  dust,  cinders 
and  fly-ash  discharged  to  the  atmosphere  along  with  the  gases  of  com- 
bustion from  burning  solid  fuel,  can  be  readily  controlled. 

Dusts  and  cinders  in  flue  gas  may  be  caught  by  various  devices  on  the 
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market,  such  as  fabric  filters,  dust  traps,  settling  chambers,  centrifugal 
separators,  electrical  precipitators,  and  gas  scrubbers,  described  in 
Chapter  28. 

The  cinder  particles  are  usually  larger  in  size  than  the  dust  particles; 
they  are  gray  or  black  in  color,  and  are  abrasive.  Being  of  a  larger  size, 
the  range  within  which  they  may  annoy  is  limited. 

The  dust  particles  are  usually  extremely  fine;  they  are  light  gray  or 
yellow  in  color,  and  are  not  as  abrasive  as  cinder  particles.  Being  ex- 
tremely fine,  they  are  readily  distributed  over  a  large  area  by  air  currents. 

The  nuisance  created  by  the  solid  particles  in  the  air  is  dependent  on 
the  size  and  physical  characteristics  of  the  individual  particles.  The 
difficulty  of  catching  the  dust  and  cinder  particles  is  principally  a  function 
of  the  size  and  specific  gravity  of  the  particles. 

Lower  rates  of  combustion  per  square  foot  of  grate  area  will  reduce  the 
quantity  of  solid  matter  discharged  from  the  chimney  with  the  gases  of 
combustion.  The  burning  of  coke,  coking  coal,  and  sized  coal  from  which 
the  extremely  fine  coal  has  been  removed  will  not  as  a  general  rule  produce 
as  much  dust  and  cinders  as  will  result  from  the  burning  of  non-coking 
coals  and  slack  coals  when  they  are  burned  on  a  grate. 

Modem  boiler  installations  are  usually  designed  for  high  capacity  per 
square  foot  of  ground  area  because  such  designs  give  the  lowest  cost  of 
construction  per  unit  of  capacity.  Designs  of  this  type  discharge  a 
large  quantity  of  dust  and  cinders  with  the  gases  of  combustion,  and  if 
pollution  of  the  atmosphere  is  to  be  prevented,  some  type  of  catcher  must 
be  installed. 

NATURE'S  DUST  CATCHER 

Nature  has  provided  means  for  catching  solid  particles  in  the  air  and 
depositing  them  upon  the  earth.  A  dust  particle  forms  the  nucleus  for 
each  rain  drop  and  the  rain  picks  up  dust  as  it  falls  from  the  clouds  to  the 
earth.  However,  it  was  found  in  recent  studies6  that  rain  was  not  a  good 
air  cleaner  of  the  material  below  about  0.7  micron. 
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Chapter  28 

AIR  CLEANING  DEVICES 

Damage  Caused  by  Dusty  Classification  of  Air  Cleaning  Devices, 

Viscous-Impingement  Filters,  Dry  Air  Filters,  Air  W^ashers, 

Electrical   Precipitators,    Cleaning   of   Gases  from   Exhaust 

Systems 

TN  this  chapter  the  term  cleaning  is  assumed  to  mean  the  removal  of 
X  participate  matter  from  the  air.  The  removal  of  foreign  gases  and 
vapors  requires  entirely  different  methods  and  is  discussed  in  Chapter  39. 

The  cleaning  of  air  involves  the  removal  of  many  kinds  of  materials 
having  a  wide  range  of  particle  sizes  and  concentrations.  The  degree 
of  air  purification  required  varies  widely,  consequently,  many  types  of 
devices  having  radically  different  design  characteristics  are  available. 

The  various  materials  that  pollute  the  air  are  discussed  in  Chapter  27, 
Fig.  1,  which  shows  characteristics  of  particles  ranging  in  size  from  8000 
to  0.001  microns.  The  importance  of  particles  in  the  range  from  0.1  to 
0.001  microns  is  open  to  argument.  Particles  below  0.1  micron  can  be 
seen  in  some  microscopes  as  specks  of  reflected  light,  and  a  few  micro- 
scopes using  ultra-violet  light  have  a  resolving  power  of  0.1  micron,  but 
the  smallest  particle  which  is  really  resolved  in  microscopes  using  ordinary 
light  is  about  0.25  micron.  The  performance  of  particles  below  0.1 
micron  is,  therefore,  controversial  because  no  means  have  been  developed 
for  reliably  counting  or  measuring  the  sizes  of  the  particles. 

Even  if  the  discussion  is  limited  to  the  range  from  0.1  micron  to  50 
microns,  from  the  smallest  particle  observable  in  the  microscope  to  the 
smallest  particle  distinguishable  to  the  naked  eye,  this  range  is  so  far 
outside  the  usual  experience  that  it  is  difficult  to  visualize.  If  particles 
could  be  examined  through  a  super  microscope  having  a  magnification 
of  250,000  diameters,  a  tobacco  smoke  particle  of  0.1  micron  would 
appear  to  be  1  in.  in  diameter,  or  approximately  the  size  of  a  golf  ball; 
a  soft  coal  smoke  particle  0.3  micron  in  diameter  would  appear  like  a 
baseball;  a  ragweed  pollen  grain  20  microns  in  diameter  would  appear 
16.5  ft  in  diameter,  while  the  50  micron  particle,  just  visible  to  the  naked 
eye  and  able  to  pass  through  a  270  mesh  screen,  would  appear  to  be  50  ft 
in  diameter.  Picturing  this  range  in  particle  size  from  a  golf  ball  to  a 
sphere  50  ft  in  diameter  may  aid  in  appreciating  the  problem  of  cleaning 
air  and  the  difficulty  of  devising  any  single  test  to  adequately  measure 
the  performance  of  air  cleaning  devices  under  all  conditions  of  service. 
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DAMAGE  CAUSED  BY  DUST 

Dust  may  cause  damage  in  many  ways,  but  usually  it  must  first 
lodge  on  a  surface.  Larger  particles  settle  rapidly  out  onto  surfaces. 
The  rate  of  fall  of  particles  is  given  in  Chapter  27,  Fig.  1.  Those  visible 
to  the  unaided  eye  (50  microns  or  over)  fall  so  rapidly  that  few  remain 
in  the  air.  However,  any  large  ones  which  are  carried  into  a  room  are 
almost  certain  to  settle  and  are  so  noticeable  when  they  have  settled  as 
to  be  very  objectionable. 

Any  air  movement,  particularly  over  fabrics  or  unpolished  surfaces, 
tends  to  deposit  dust  on  the  surface.  The  smallest  particles  observable 
in  the  microscope  are  deposited  in  this  way. 

A  phenomenon  of  great  importance  in  air  conditioning  and  one  not  yet 
generally  appreciated  is  thermal  precipitation  of  dust.  This  is  the 
tendency  for  dust  to  be  deposited  on  any  surface  which  is  cooler  than  the 
adjacent  air.  It  is  largely  responsible  for  outside  walls  becoming  dirtier 
than  partitions.  In  the  case  of  plaster  on  wood  lath,  the  dark  streaks 
following  the  spaces  between  laths  are  very  noticeable  and  frequently 
beams  and  other  structural  members  can  be  traced  by  the  difference  in 
blackness  of  the  wall  or  ceiling.  Thermal  precipitation  deposits  particles 
of  all  sizes  apparently  with  very  little  differentiation  as  to  size. 

By  keeping  the  surface  temperature  higher  and  more  uniform,  modern 
thermal  insulation  decreases  the  deposit  of  dust  and  makes  it  more  uni- 
form and  less  noticeable. 

REQUIREMENTS 

The  removal  of  larger  particles  is  always  important  because  they 
quickly  settle  out  of  the  air  and  become  noticeable  on  surfaces  as  visible 
dustiness.  In  many  applications  the  removal  of  these  larger  particles  will 
constitute  satisfactory  performance,  and  a  relatively  simple  device  can 
be  used. 

In  cities  where  large  quantities  of  soft  coal  are  burned,  the  air  becomes 
contaminated  with  fine  black  smoke  particles.  These  are  deposited  on 
walls,  draperies,  and  other  interior  surfaces  by  air  movement  and  by 
thermal  precipitation.  Their  removal  is  much  more  difficult  than  that 
of  the  large  particles. 

Hay  fever  is  usually  due  to  pollen  in  the  air,  and  many  people,  once 
this  trouble  has  started,  are  sensitive  to  minute  amounts  of  pollen,  so 
that  almost  perfect  cleaning  may  be  required.  Asthma  many  be  caused 
by  many  things,  including  pollens  and  fine  dusts.  Many  afflicted  with 
either  disease,  who  have  not  obtained  relief  from  usual  remedies,  have 
found  it  in  a  room  where  the  air  is  efficiently  cleaned  from  small  as  well 
as  large  particles. 

In  air  conditioning  systems  the  maintenance  of  constant  air  flow  is 
essential  In  summer  cooling,  a  decrease  in  air  flow  may  cause  a  reduction 
in  temperature  of  discharged  air.  This,  combined  with  reduced  velocity, 
may  completely  upset  the  air  distribution  objective  resulting  in  drafts. 
The  air  cleaning  equipment  must  function  so  that  reduction  in  air  flow 
due  to  the  normal  accumulation  of  dust  will  not  cause  faulty  operation 
of  the  system. 
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In  addition  to  requirements  which  are  specified  the  following  features 
are  desirable: 

1 .  Low  resistance  to  air  flow. 

2.  Ease  of  cleaning  and  maintenance. 

3.  Efficiency  over  a  wide  range  of  velocities. 

4.  Binding  liquid  to  catch  particles  must  not  contaminate  the  air, 

TESTING 

The  wide  variety  of  materials  and  particle  sizes  which  may  be  present 

in  the  air  makes  the  testing  of  air  cleaning  devices  difficult.  Probably 
no  standardized  test  can  cover  all  of  the  conditions  which  may  be  en- 
countered in  service. 

Tests  have  been  devised  which  compare  the  ability  of  air  cleaners 

to  remove  a  certain  artificial  dust  under  specified  conditions.  This 
seems  to  be  the  most  practical  way  of  comparing  various  devices,  but 
it  may  lead  to  misleading  results  if  the  dust  is  not  representative  of  the 
dust  to  be  removed  in  service. 

The  most  common  test  is  that  specified  by  the  A.S.H.V.E.  Standard 
Code  for  Testing  and  Rating  Air  Cleaning  Devices  Used  in  General 
Ventilation  Work1.  This  Code  specifies  an  artificial  dust  consisting  of  a 
mixture  of  dusts,  which  has  passed  through  a  200  mesh  screen.  The 
efficiency  is  measured  in  terms  of  the  ratio  of  the  weight  of  dust  removed 
to  the  weight  of  dust  injected  into  the  air.  This  is  a  well-worked-out 
method  for  testing  the  ability  of  a  device  to  remove  the  coarser  particles, 
but  it  is  not  a  satisfactory  measure  of  the  ability  of  a  device  to  remove 
extremely  fine  particles.  In  general,  any  weight  method  tends  to  measure 
the  efficiency  of  removal  of  the  larger  particles  present  in  the  test  dust. 
The  largest  particle  specified  in  this  Code  is  one  just  passing  a  200  rnesh 
screen  or  one  70  microns  in  diameter.  Assuming  a  dust  containing  one 
such  particle  to  1,000,000  particles  having  a  diameter  of  0.1  micron,  the 
70  micron  particle  will  have  3,43  x  10s  times  the  weight  of  one  of  the  0.1 
micron  particles,  all  particles  having  the  same  density.  If  the  cleaning 
device  removes  the  one  large  particle  but  removes  none  of  the  0.1  micron 
particles,  the  weight  efficiency  will  be  the  ratio  of  the  weight  removed  to 
the  weight  of  dust  injected  or  99.71  per  cent  by  weight  even  though  only 
one  particle  out  of  1,000,000  has  been  removed.  This  is  obviously  an 
exaggerated  case,  but  illustrates  the  weakness  of  a  weight  test  in  meas- 
uring efficiency  of  removal  of  fine  particles. 

In  testing  air  filters  at  the  National  Bureau  of  Standards,  a  much  finer 
dust  is  used  and  the  efficiency  is  measured  by  determining  the  relative 
blackness  of  pieces  of  filter  paper  through  which  air  is  passed2.  The  test 
dust  used  is  a  sample  of  dust  collected  by  a  precipitator  in  a  local  power 
plant,  which  of  course  is  not  as  fine  as  atmospheric  dust.  However,  this 
method  of  measuring  efficiency  can  be  used  with  atmospheric  dust  to 
test  an  air  cleaning  device  under  actual  operating  conditions.  The 
efficiency  is  determined  by  drawing  samples  of  filtered  and  unfiltered  air 
through  pieces  of  filter  paper,  the  volumes  of  air  being  adjusted  until 

1A.S.H.V.E.  Standard  Code  for  Testing  and  Rating  Air  Cleaning  Itevices  Used  in  General  Ventilation 
Work  (A.S.H.V.E.  TajLm&cricws,  VoL  »,  1938.  p.  325). 

*A  Test  Method  for  Air  Filters,  by  Rfeba.nl  S.  DO!  (A.S.H.V.E.  TRANSACTIONS,  VoL  44.  1938,  p.  379). 
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equal  blackness  is  obtained.  If,  for  example,  one  unit  of  volume  of 
unfiltered  air  gives  the  same  blackness  as  four  units  of  volume  of  filtered 
air,  the  efficiency  is  said  to  be  75  per  cent.  This  method  gives  a  much 
better  measure  of  the  tendency  to  blacken  walls  than  the  weight  ef- 
ficiency. 

CLASSIFICATION  OF  AIR  CLEANING  DEVICES 

Considering  the  wide  variety  of  materials  and  particle  sizes  to  be 
removed  and  the  variety  of  requirements,  it  is  natural  that  many  kinds 
of  devices  are  used  which  cannot  be  shown  satisfactorily  in  a  single 
simple  classification.  The  following  outline  gives  classifications  on  three 
different  bases: 

1.  Methods  of  cleaning. 

a.  Automatic. 

b.  Non-automatic. 

(1)  Throw-away,  replaceable  elements. 

(2)  Manually  cleaned  in  place. 

(3)  Removable  for  cleaning, 

2.  Principle  of  air  cleaning. 

a.  Viscous-impingement  filters. 

b.  Dry  filters. 

c.  Washers. 

d.  Centrifugal  devices. 

e.  Electrical  precipitators. 

3.  Ckssification  according  to  application. 

a.  General  air  conditioning. 

(1)  Central  cleaning  system. 

(2)  Unit  ventilator. 

(3)  Window  installation. 

(4)  Warm  air  furnace. 

b.  Removal  of  smoke  and  fumes  from  stack  gases. 

c.  Collection  of  dusts  from  exhaust  systems. 

VISCOUS  IMPINGEMENT  TYPE  FILTERS 

The  principle  of  air  cleaning  used  in  viscous  filters  is  that  of  adhesive 
impingement.  Dust  and  dirt  in  the  air,  especially  soot  and  carbons,  are 
trapped  and  retained  by  successive  impingements  on  coated  surfaces. 
The  arrangements  of  filtering  mediums  and  the  kind  of  materials  used 
are  almost  unlimited.  Since  this  type  of  device  depends  on  impingement, 
it  is  more  effective  in  catching  large  particles  than  small  ones.  To  secure 
maximum  cleaning  efficiency,  it  is  necessary  to  divide  the  air  into  in- 
numerable fine  streams,  to  obtain  intimate  contact  between  the  air  and 
the  viscous-coated  mediums. 

The  following  are  desirable  characteristics  of  a  binding  liquid : 

1.  Its  surface  tension  should  be  sucli  as  to  produce  a  homogeneous  film-like  coating 

on  the  filter  medium. 

2.  The  viscosity  should  vary  only  slightly  with  normal  changes  of  temperature. 

It  should  prevent  the  development  of  mold  spores  and  bacteria  on  the  filter 
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4.  The  liquid  should  have  high  capillarity,  or  ability  to  wet  and  retain  the  dust  at  all 
operating  temperatures. 

5.  Evaporation  should  be  low. 

6.  It  should  be  fire  resistant. 

7.  It  should  be  odorless. 

Viscous  Type  Unit  Filters 

In  the  unit  type  viscous  filter,  the  filtering  mediums  are  arranged  in  units 
of  convenient  size  to  facilitate  installation,  maintenance,  and  cleaning. 
Each  unit  consists  of  an  interchangeable  ceil  or  replaceable  filter  pad  and 
a  substantial  frame  which  may  be  bolted  to  the  frames  of  other  like  units 
to  form  a  partition  between  the  source  of  dusty  air  and  the  fan  inlet. 

To  secure  the  maximum  dust-holding  capacity,  the  filter  medium  is 
usually  arranged  with  large  pores  or  air  passages  on  the  entering  air  side, 
the  filter  density  increasing  gradually  toward  the  leaving  air  side.  This 
arrangement  provides  relatively  large  spaces  for  the  collection  of  dirt  in 
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FIG.  1.    CHART  SHOWING  CHANGE  IN  RESISTANCE  DUE  TO  DUST  ACCUMULATION 

the  front  of  the  filter  where  the  bulk  of  the  dust  is  taken  out  without 
undue  increase  in  resistance,  while  in  the  back  of  the  filter  the  openings 
are  smaller  to  secure  high  efficiency  in  the  removal  of  the  finer  dust 
particles. 

The  resistance  of  a  well-designed  unit  filter  of  the  adhesive  impinge- 
ment type  usually  depends  upon  the  velocity  at  which  the  air  is  handled 
and  upon  whether  the  unit  is  clean  or  dirty.  The  cleaning  efficiency  is 
usually  highest  after  it  has  accumulated  a  certain  portion  of  its  maximum 
load  of  dirt  because  some  dust  collected  in  the  cell  acts  as  an  efficient 
medium  for  the  further  seizing  of  solids  from  the  air.  By  periodically 
cleaning  a  predetermined  number  of  cells,  the  resistance  and  capacity 
of  a  built-up  filter  may  be  held  at  any  desired  figure.  The  frequency  of 
cleaning  any  installation  depends  upon  the  dust  concentration  of  air 
being  cleaned,  and  on  the  amount  of  dirt  which  can  be  accumulated  in 
the  medium  without  causing  excessive  resistance,  (Figs.  1,  2  and  3.) 

The  dust-holding  capacity  of  a  given  filter  is  dependent  on  the  type  of 
dust.  Lint  is  particularly  difficult  to  collect  because  it  tends  to  build  up 
a  layer  over  the  face  of  the  filter.  In  this  way  a  small  quantity  of  dust 
may  cause  a  serious  increase  in  the  pressure  drop  of  a  filter. 

A  chart  showing  the  increase  in  resistance  of  a  unit  filter  of  the  viscous 
impingement  type,  when  tested  with  the  standard  test  dust  described  in 

537 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


the  Code,  is  given  in  Fig.  1.  The  resistance  to  air  flow  of  three  typical 
clean  viscous  impingement  type  filters  having  different  densities  of 
mediums  is  shown  in  Fig.  2.  Type  A  is  a  dense  pack  used  in  bacterium 
control;  Type  B  is  a  medium  pack  used  for  general  ventilation  work, 
and  Type  C  is  a  low  resistance  unit  for  use  where  low  resistance  is  the 
important  factor  and  maximum  cleaning  efficiencies  are  not  essential. 
The  operating  characteristics  which  might  be  expected  under  various  dust 
concentrations  with  air  filters  having  different  dust-holding  capacities 
are  illustrated  in  Fig.  3. 

Filters  consisting  of  inexpensive  frames  of  cardboard  or  similar  material 
filled  with  viscous-coated  glass  wool,  steel  wool  or  the  like  are  available. 
Because  of  their  construction  these  units  may  be  discarded  when  dirty 
and  replaced  with  new  units  at  relatively  little  expense.  They  are  used  in 
general  ventilation  work  and  with  warm-air  furnaces  and  other  instal- 
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lations  where  low  first  cost  and  low  resistance  to  air  flow  are  essential. 
The  operating  characteristics  of  these  units  conform  in  general  with  those 
of  the  rigid  frame  type. 

Viscous  Automatic  Filters 

In  this  type  of  filter,  the  removal  of  the  accumulated  dust  is  done 
automatically  instead  of  by  hand.  The  automatic  cleaning  and  recoating 
of  these  filters  is  based  on  the  principle  that  the  viscous  fluid  itself  will 
perform  the  cleaning  function,  thereby  eliminating  a  separate  washing 
agent.  The  dust^collected  by  the  filter  is  deposited  finally  in  the  bottom 
of  the  viscous  fluid  reservoir  from  which  it  may  be  removed  by  different 
methods,  depending  on  the  design  of  the  filter. 

There  are  three  general  types  of  automatic  filters.  They  are  differ- 
entiated from  each  other  according  to  the  process  of  self-cleaning  and 
renewing  of  the  viscous  coating  used  as  follows : 

L  The  filter  medium  has  the  form  of  an  endless  curtain  suspended  verticaltyf  with  its 
lower  portxm  submerged  in  a  viscous  fluid  reservoir.  The  curtain  moves  slowly  through 
this  bath,  thus  performing  the  cleaning  and  recanting  of  the  filter  medium, 

2.  The  filter  screen  is  arranged  in  the  form  01  shelves  or  cylinders,  and  the  viscous 
fluid  is  flushed  through  all  parts  of  the  medium  in  a  direction  opposite  to  the  air  flow. 

3.  The  filter  medium  Is  arranged  vertically  and  Is  stationary.    The  viscous  Huid  is 
flushed  from  atwvt  over  the  medium,  while  the  air  flow  is  stopped. 
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The  washing  and  renewing  process  in  automatic  filters  of  the  second 
and  third  types  is  usually  intermittent.  It  is  accomplished  by  an  electric 
motor  or  by  other  motive  power  and  is  controlled  by  manual  or  by  auto- 
matic timing  devices.  The  operating  cycle  is  of  a  predetermined  frequency 
and  should  be  so  timed  as  to  insure  a  constant  static  pressure  drop  across 
the  filter.  The  customary  resistance  to  air  flow  is  ?^-in.  water  gage  at  an 
air  velocity  of  500  fpm,  measured  at  the  filter  entrance.  Automatic 
viscous  filters  are  made  up  in  units  which  are  delivered  either  fully  as- 
sembled or  in  parts  to  be  assembled  at  the  point  of  installation. 

DRY  AIR  FILTERS 

Dry  air  filters,  in  which  dust  is  impinged  upon  or  trapped  in  screens 
made  of  felt,  cloth,  cellulose,  or  other  fabrics,  are  available  in  various 
types.  These  filters  require  no  adhesive  liquid,  but  depend  on  the  strain- 
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FIG.  3.    MAINTENANCE  CHART  FOR  UNIT  TYPE  Viscous  FILTERS 

ing  or  screening  action  of  the  filtering  medium.  Because  of  the  close 
texture  of  the  materials  used  in  most  of  the  dry  filters,  the  surface  velocity, 
or  velocity  of  the  entering  air,  ranges  between  10  and  50  fpm,  depending 
on  the  nature  and  texture  of  the  fabric.  This  necessitates  a  relatively 
large  screen  surface,  which  is  usually  arranged  in  the  form  of  pockets 
to  bring  the  frontal  area  within  customary  space  requirements. 

As  with  viscous  unit  filters,  an  average  constant  resistance  and  air 
volume  may  be  obtained  by  periodic  reconditioning  or  renewal  of  the  filter 
screens.  Since  some  materials  suitable  for  dry  filtering  mediums  are 
affected  considerably  by  moisture  which  tends  to  cause  a  rapid  increase 
in  resistance,  they  should  be  treated  or  processed  to  minimize  the  effect  of 
changes  in  humidity. 

Filters  using  felt  and  similar  materials  usually  depend  upon  vacuum 
cleaning  for  reconditioning.  A  special  nozzle,  operated  from  a  portable 
or  stationary  vacuum  cleaner,  is  shaped  to  reach  all  parts  of  the  filter 
pockets.  Permanent  filter  mediums  should  be  capable  of  withstanding 
repeated  vacuum  cleanings  without  loss  in  dust  removal  efficiency.  While 
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most  dry  filters  are  cleaned  by  replacing  an  inexpensive  filter  sheet,  the 
useful  life  of  these  sheets  often  may  be  lengthened  by  vibrating  or  vacuum 
cleaning. 

AIR  WASHERS 

Air  washers,  originally  designed  as  the  name  implies  to  wash  air,  are 
now  used  for  humidification  (see  Chapter  26).  Their  ability  to  cleanse 
air  depends  upon  the  nature  of  the  dust;  fine  particles,  especially  those 

having  no  affinity  for  water,  are  not  efficiently  removed. 

ELECTRICAL  PRECIPITATORS 

Electrostatic  precipitation  has  long  been  used  for  the  precipitation  of 
smokes  and  fumes  from  smoke  stacks,  but  until  recently  such  equipment 
was  unsuited  to  air  conditioning  and  ventilation  applications.  The 
operating  principles  are  as  follows:  A  discharge  takes  place  from  a  small 
wire  to  grounded  electrodes  and  as  the  air  passes  through  this  discharge 
the  dust  particles  receive  an  electrical  charge.  The  air  then  passes 
between  parallel  plates  with  a  high  potential  difference  between  plates. 
The  resulting  electric  field  attracts  the  dust  particles  to  one  set  of  plates. 

The  electric  force  is  effective  in  depositing  the  particle  on  the  plate, 
but  does  not  hold  it  there.  Some  dusts  stick  to  the  plates,  but  in  general 
there  should  be  a  coating  of  adhesive.  The  dust  Is  removed  by  washing. 
As  this  device  is  sensitive  to  air  velocities,  care  should  be  taken  to  avoid 
any  local  currents  that  exceed  rated  velocity.  An  advantage  of  electro- 
static precipitation  is  the  ability  to  remove  fine  particles  at  high  efficiency 
and  with  a  low  pressure  drop,  and  thus  with  little  change  in  the  volume 
of  air  delivered.  This  feature  must  be  balanced  against  the  greater 
first  cost. 

CLEANING  OF  CASES  FROM  EXHAUST  SYSTEMS 

The  gases  from  exhaust  systems  vary  widely,  but  in  general  contain 
heavy  concentrations  of  dust  as  compared  to  ventilation  practice.  A 
dust  loading  of  one  grain  per  cubic  foot  of  air  is  not  unusual,  which  is 
about  1000  times  the  dirt  usually  found  in  ventilating  air.  For  this 
reason  even  though  the  cleaning  efficiency  is  high  it  is  still  usually  desir- 
able to  discharge  the  exhaust  out  of  doors.  The  purpose  of  the  cleaning  is 
then  to  prevent  a  nuisance  in  the  neighborhood  or  to  collect  valuable 
material. 

Gravitational  Settling  Chambers 

Settling  chambers  are  simple  but  effective  only  in  removing  large 
particles.  The  rate  of  fall  of  various  particles  is  given  in  Fig.  1  of  Chapter 
27.  Even  though  the  vertical  height  is  kept  small  to  reduce  the  time  of 
fall,  limitations  of  space  and  volume  of  air  to  be  handled  usually  allow 
time  for  only  the  larger  particles  to  settle,  even  if  the  flow  is  perfectly 
streamlined.  Actually,  eddies  retard  the  settling  of  particles  so  that  the 
full  velocity  of  fall  is  not  realized. 

Cyclones  or  Centrifugal  Separators 

The  force  causing  settling  can  be  increased  many  times  that  of  gravi- 
tation by  giving  the  air  a  whirling  motion  and  introducing  centrifugal 
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force.  The  settling  rate  then  becomes  dependent  upon  the  peripheral  air 
velocity  and  the  radius  of  curvature  as  well  as  upon  the  other  factors. 

In  cyclone  separators,  air  is  introduced  tangentially  into  a  vertical 
cylinder  and  passes  out  from  the  center  of  the  top.  The  gas  velocity  and 
curvature  of  the  cylinder  cause  whirling  which  throws  the  particles  to 
the  surface.  The  particles  slide  down  this  surface  and  are  removed 
through  a  hopper  in  the  cone  bottom,  or  are  thrown  through  slits  in 
the  periphery. 

Assumptions  regarding  streamline  flow  and  turbulence  make  general 
calculations  of  centrifugal  settling  rate  quite  involved  and  rough.  Cen- 
trifugal separators  have  wide  application  in  connection  with  industrial 
operations  such  as  grinding,  screening  and  combustion,  but  have  little  or 
no  effect  upon  the  finer  particles. 

When  a  high  collection  efficiency  is  desired,  or  the  material  is  unusually 
fine,  multicyclones  may  be  used.  These  are  merely  small  cyclones 
arranged  in  parallel  which  utilize  the  principle  of  high  centrifugal  velocity 
to  attain  separation. 

Cloth  Filters 

Filters  are  used  when  the  material  collected  by  an  exhaust  system  is 
valuable  or  cannot  be  separated  efficiently  from  the  air  with  an  ordinary 
cyclone.  They  are  also  employed  when  it  is  desirable  to  recirculate  the 
air  drawn  from  a  room  by  the  exhaust  system,  which  otherwise  might 
entail  considerable  loss  in  heat.  Bag  filters  which  are  properly  housed 
may  be  operated  under  suction.  Bag  houses  used  in  manufacture  of 
zinc  oxide  and  other  chemical  products  are  operated  on  the  positive 
side  of  the  fan. 

Wool,  cotton  and  asbestos  cloths  are  commonly  used  as  filtering 
mediums.  When  woolen  cloths  are  employed,  the  filtering  capacities 
vary  from  J^  to  10  cfm  per  square  foot  of  filtering  surface,  depending  on 
the  character  of  the  material  collected.  The  rates  for  cotton  and  asbestos 
cloths  are  lower.  The  type  of  filter  cloth  and  the  rates  of  filtration 
depend,  of  course,  on  the  material  to  be  collected  and  the  fan  capacity. 
The  collected  dust  particles  themselves  aid  in  agglomerating  and  retaining 
others.  Periodic  shaking  with  the  fans  off  or  reversed,  at  intervals  of  a 
few  hours,  drops  the  excess  dust  into  a  lower  header  or  hopper  for  removal. 

Readily  removed  filters  built  in  small  sections  in  which  filter  mediums 
can  be  replaced  are  of  distinct  advantage  where  deterioration  is  rapid. 
Various  styles  of  construction  are  available  which  combine  quick  inter- 
changeability  and  large  filtering  area  per  square  foot  cross-sectional  area, 
Use  of  several  independent  units  in  parallel  is  important  for  the  recon- 
ditioning of  each  unit  separately.  Both  continuous  and  intermittent 
shaking  and  sweeping  devices  remove  excess  dust  and  maintain  a  low 
resistance. 

Such  filters  should  be  frequently  inspected  for  leaks  and  the  bags  or 
screens  should  be  in  readily  replaceable  units.  General  practice  in  this 
field  is  to  use  a  low  flow  per  square  foot  of  cloth  and  a  high  pressure  drop, 
giving  a  relatively  high  efficiency  as  compared  to  general  ventilation 
practice.  However,  because  of  the  high  dust  loading,  the  discharged  air 
may  still  carry  excessive  dust  for  ventilating  purposes. 
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SMOKE  STACKS 

Gases  discharged  from  smoke  stacks  may  contain  relatively  large 
particles  of  cinders  and  carbon  as  well  as  the  fine  smoke  which  remains 
in  relatively  permanent  suspension.  Large  particles  settle  quickly  and 
are  likely  to  constitute  a  serious  nuisance  in  the  immediate  neighborhood. 
Smoke  tends  to  spread  over  a  large  area,  but  in  cities  the  large  number  of 
stacks  may  pollute  the  atmosphere  over  the  entire  city. 

A  variety  of  cinder  catchers  is  available  for  catching  the  large 
cinders.  Devices  of  the  cyclone  type  remove  much  finer  particles,  but 
for  anything  approaching  complete  cleaning,  electrostatic  precipitators 
are  usually  required.  For  this  purpose  they  usually  consist  of  wires  (at 
potential  of  30,000  to  100,000  volts  negative)  suspended  between  vertical 
plates  or  hanging  in  the  center  of  vertical  cylinders.  The  dust  collects 
on  the  plates  or  cylinders  which  are  periodically  vibrated  or  rapped  to 
cause  the  dust  to  fall  down  into  hoppers. 

REFERENCES 

Design  and  Application  of  Oil-Coated  Air  Filters,  by  H.  C.  Murphy  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  S3,  1927,  p.  73). 

Operation  and  Maintenance  of  Air  Filters,  by  W.  G.  Frank  (Heating,  Piping  and  Air 
Condemning,  May,  1931,  p.  378). 

Size  and  Characteristics  of  Air-Borne  Impurities,  by  W.  G,  Frank  (Heating,  Piping 
and  Air  Conditioning,  January,  1932,  p.  35). 

Fundamental  Principles  in  the  Design  of  Dry  Air  Filters,  by  Otto  Wechsberg 
(A.S.H.V.E.  JOURNAL  SECTION,  Heating  Piping  and  Air  Conditioning,  April,  1933, 
p.  217). 

Operation,  Maintenance  of  Cloth-Screened  Dust  Collectors,  by  W.  F.  Terry  (Heating, 
Piping  and  Air  Cmdiliming,  May,  p.  259,  June,  p.  304,  1933). 

Testing  and  Rating  of  Air  Cleaning  Devices  Used  in  General  Ventiktion  Work,  by 
Samuel  R.  Lewis  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39,  1933,  p.  277). 

A.S.H.V.E.  RBSBAECH  REPORT  No.  1094— Air  Filter  Performance  as  Affected  by 
Kind  of  Dust,  Rate  of  Dust  Feed,  and  Air  Velocity  Through  Filter,  by  F.  B.  Rowley  and 
R.  C,  Jordan  (A.S.H.V.E.  TRANSACTIONS,  Vol.  44,  1938,  p.  415). 

A.S.H.V.E.  RESEARCH  REPORT  No.  1122— Air  Filter  Performance  as  Affected  by 
Low  Rate  of  Dust  Feed,  Various  Types  of  Carbon,  and  Dust  Particle  Size  and  Density, 
by  F.  B.  Rowley  and  R,  C.  Jordan  (A.S.H.V.E.  TRANSACTIONS,  Vol.  45,  1939,  p.  339). 

A.S.H.V.E.  RESEARCH  PAPER— The  Effect  of  Lint  on  Air  Filter  Performance,  by  F.  B. 
Rowley  and  R.  C.  Jordan  (A.S.H.V.E.  JOURNAL  SECTION,  Heating,  Piping  and  Air 
CMttmwf ,  January,  1940,  p.  61). 

The  Dust-Free  Space  Surrounding  Hot  Bodies,  by  H.  H.  Watson  (Transadwns  of  ike 
Farwtoj  Sbctay,  VoLS2,  1995.  Pt.  2,  p.  1073). 

A  New  Electrostatic  Precipitator,  by  G.  W.  Penney  (Electrical  Engineering,  January, 
1987,  p.  150). 


512 


Chapter  29 

FANS 

Classification,    Performance 9    Fan    Efficiency  9    Characteristic 

Curves,   System  Characteristics,   Selection  of  Fans,    Volume 

Control,  Fan  Designations.  Motive  Power 

IN  heating  and  ventilating  practice,  fans  are  used  to  produce  air  flow 
except  where  positive  displacement  is  required,  in  which  case  com- 
pressors or  rotary  blowers  are  used.  Fans  are  classified  according  to  the 
direction  of  air  flow  as  (1)  axial  flow  or  propeller  type  if  the  flow  is  parallel 
with  the  axis,  and  (2)  radial  flow  or  centrifugal  type  if  the  flow  is  parallel 
with  the  radius  of  rotation. 

Axial  flow  fans  are  made  with  various  numbers  of  blades  of  a  variety 
of  forms.  The  blades  may  be  of  uniform  thickness  (sheet  metal),  either 
flat  or  cambered,  or  may  be  of  varying  thickness  of  so-called  aerofoil 
section  (airplane  propeller  type).  Where  an  axial  flow  fan  is  intended  for 
operation  at  comparatively  high  pressures  the  hub  sometimes  is  enlarged 
in  the  form  of  a  disc  and  the  fan  is  known  as  a  disc  fan. 

Radial  flow  or  centrifugal  fans  include  steel  plate  fans,  pressure  blowers, 
cone  fans,  and  the  so-called  multiblade  fans.  All  the  foregoing  types  have 
variations  which  may  be  obtained  by  modification  of  the  proportions  or 
change  in  the  curvature  and  angularity  of  the  blades.  The  angularity  of 
the  blades  determines  the  operating  characteristics  of  a  fan;  a  forward 
curved  blade  Is  found  in  a  fan  having  slow  speed  operating  characteristics, 
while  a  backward  curved  blade  is  found  in  a  fan  having  high  speed 
operating  characteristics. 

A  wide  variation  exists  in  the  demands  which  have  to  be  met  by  fan 
installations.  A  fan  may  be  required  to  move  large  quantities  of  air 
against  little  or  no  resistance  or  it  may  be  required  to  move  small  quanti- 
ties against  high  resistances.  Between  these  two  extremes  Innumerable 
specific  requirements  must  be  met.  In  general,  fans  of  all  types  in  each 
general  class  can  be  made  to  perform  the  same  duty,  although  mechanical 
difficulties,  noise  or  lack  of  efficiency  may  limit  the  use  to  one  or  another 
type.  The  most  common  field  of  service  for  fans  of  the  propeller  type  is  in 
moving  air  against  moderate  resistances,  especially  where  no  long  ducts 
or  heavy  friction  must  be  overcome  and  where  noise  Is  not  objectionable, 
whereas  centrifugal  fans  are  commonly  employed  for  operation  at  the 
comparatively  higher  pressures  and  where  extreme  quietness  is  necessary. 

FAN  PERFORMANCE 

Fans  of  all  types  follow  certain  laws  of  performance  which  are  useful  in 
determining  the  effect  of  changes  in  the  conditions  of  operation.  These 
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laws  apply  to  installations  comprising  any  type  of  fan,  any  given  piping 
system  and  constant  air  density,  and  are  as  follows  : 

1.  The  air  capacity  varies  directly  as  the  fan  speed. 

2.  The  pressure  (static,  velocity,  and  total)  varies  as  the  square  of  the  fan  speed. 

3.  The  power  demand  varies  as  the  cube  of  the  fan  speed. 

Example  1.  A  certain  fan  delivers  12,000  cfm  at  a  static  pressure  of  1  in.  of  water 
when  operating  at  a  speed  of  400  rpm  and  requires  an  input  of  4  hp.  If  in  the  same 
Installation  15,000  cfm  are  desired,  what  will  be  the  speed,  static  pressure,  and  power? 


Speed  =  400  Xj=  500  rpm 

/CAA\2 

Static  pressure  -  1  X  (J~  j    -  1.56  in. 
Power  -  4  X       ~3  =  7.81  hp 


When  the  density  of  the  air  varies  the  following  laws  apply: 

4.  At  constant  speed  and  capacity  the  pressure  and  power  vary  directly  as  the 
density. 

Example  SB.  A  certain  fan  delivers  12,000  cfm  at  70  F  and  normal  barometric  pressure 
(density  0.0749  Ib  per  cubic  foot)  at  a  static  pressure  of  1  in.  of  water  when  operating  at 
400  rpm,  and  requires  4  hp.  If  the  air  temperature  is  increased  to  200  F  (density  0.0602 
Ib)  and  the  speed  of  the  fan  remains  the  same,  what  will  be  the  static  pressure  and 
power? 

Static  pressure.  1X^=0.80  in. 


5.  At  constant  pressure  the  speed(  capacity  and  power  vary  inversely  as  the  square 

t  of  the  densit. 


. 
root  of  the  density. 


Example  3.    If  the  speed  of  the  fan  of  Example  2  is  increased  so  as  to  produce  a  static 
ssure  of  1  in.  of  water  at  the  200  F  temperature,  what  will  be  the  speed,  capacity, 


pressure  of 

and  power? 


Capacity  -  12,000  X  J-.  =  13,392  cfm  (measured  at  200  F) 


6.  For  a  constant  weight  of  air: 

(«)  The  speed,  capacity,  and  pressure  vary  inversely  as  the  density. 

(*)  The  horsepower  varies  inversely  as  the  square  of  the  density. 

Es»mpl*s  4.    If  the  speed  of  the  fan  of  the  previous  examples  is  increased  "so  as  to 
drfiyer  the  same  -weight  of  air  at  MO  F  as  at  70  F,  what  will  be  the  speed,  capacity, 

static  pressure,  and  power? 


Capacity  -  12,000  X  -  14,945  cfm  (measured  at  200  F) 
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Static  pressure  =  1  X  =  1.25  in. 

= 6.20  hP 


FAN  EFFICIENCY 

The  efficiency  of  a  fan  may  be  defined  as  the  ratio  of  the  horsepower 
output  to  the  horsepower  input. 
The  horsepower  output  is  expressed  by  the  formula: 

Air  Horsepower*  =  cfm  X  tOtal  Pri*  inches  of  water  &) 


When  the  static  pressure  is  used  in  the  computation  it  is  assumed  that 
this  represents  the  useful  pressure  and  that  the  velocity  pressure  is  lost 
in  the  piping  system  and  in  the  air  which  leaves  the  system*  Since  in 
most  installations  a  higher  velocity  exists  at  the  fan  outlet  than  at  the 
point  of  delivery  into  the  atmosphere,  some  of  the  velocity  pressure  at  the 
fan  outlet  may  be  utilized  by  conversion  to  static  pressure  within  the 
system,  but,  owing  to  the  uncertainty  of  friction  losses  which  occur  at 
the  places  where  changes  in  velocity  take  place,  the  amount  of  velocity 
pressure  which  is  actually  utilized  is  seldom  known,  and  the  static  pressure 
alone  may  best  represent  the  useful  pressure. 

The  efficiency  based  upon  static  pressure  is  known  as  the  static  efficiency 
and  may  be  expressed  as  follows: 

Ci  ,  .      -  .        .       cfm  X  static  pressure  in  inches  of  water  ,ox 

Static  efficiency1  =  -  QQgQ  .T-,  -  -.  -  -  -  (2) 

J  6356  X  Horsepower  input 

Different  fans  may  develop  the  same  capacity  against  the  same  static 
pressure  and  with  the  same  power  input,  and  therefore  operate  at  the 
same  static  efficiency,  while  maintaining  different  outlet  velocities.  Where 
a  high  outlet  velocity  is  desirable  or  can  b£  utilized  effectively,  the  static 
efficiency  fails  to  be  a  satisfactory  measurement  of  the  performance.  In 
many  applications  of  propeller  fans,  air  is  circulated  without  encountering 
resistance  and  no  static  pressure  is  developed.  The  static  efficiency  is 
zero  and  its  calculation  is  meaningless.  Because  of  such  situations  where 
the  static  efficiency  fails  to  indicate  the  true  performance,  many  engineers 
prefer  to  base  the  calculation  of  efficiency  upon  the  total  or  dynamic 
pressure.  This  efficiency  Is  variously  known  as  the  total,  dynamic,  or 
mechanical  efficiency,  and  may  be  expressed  as  follows: 

,  ,    ,      .    ,      ~  ^  i    i*.  •        t       cf  m  X  total  pressure  in  Inches  of  water        ,0, 
Mechamcal  or  Total  efficiency*  =  -  6356  X  Horsepower  input  -        (3) 

CHARACTERISTIC  CURVES 

In  the  operation  of  a  fan  at  a  fixed  speed  the  static  and  total  efficiencies 
vary  with  any  change  in  the  resistance  which  is  imposed.  With  different 
designs  the  peak  of  efficiency  occurs  when  the  fans  deliver  different  per- 


!See  Standard  Test  Code  for  Centrifugal  and  Axial  Fans,  Third  Edition  of  1§38, 
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centages  of  their  wide-open  capacity.  Variations  in  efficiency  accompany 
variations  in  pressures  and  power  consumption  which  are  characteristic  of 
the  individual  designs  and  which  are  influenced  particularly  by  the  shape 
and  angularity  of  the  blades.  Such  variations  in  pressure,  power,  and 

efficiency  are  shown  by  characteristic  curves. 

Characteristic  curves  of  fans  are  determined  by  tests  performed  in 
accordance  with  the  Standard  Test  Code  for  Centrifugal  and  Axial  Fans2 
prepared  jointly  by  the  AMERICAN  SOCIETY  OF  HEATING  AND  VENTI- 
LATING ENGINEERS  and  the  National  Association  of  Fan  Manufacturers. 
The  results  of  tests  are  plotted  in  different  ways:  the  abscissae  may  be  the 
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FIG.  1.   OPERATING  CHARACTERISTICS  OF  AN  AXIAL  FLOW  FAN 

ratio  of  delivery,  assuming  full  open  discharge  as  100  per  cent,  and  the 
ordinates  may  be  static  pressure,  dynamic  pressure,  horsepower  and 
efficiency.  Pressures  may  be  expressed  in  per  cent  of  the  maximum  pres- 
sure in  the  manner^  shown  In  the  illustrations  in  this  chapter,  but  in 
engineering  calculations  they  are  sometimes  expressed  in  proportion  to 
the  pressures  due  to  the  peripheral  velocity. 

It  should  be  noted  that  characteristic  curves  of  fan  performance  are 

plotted  for  a  constant  speed.  Some  variation  in  values  of  efficiency  may 
occur  at  different  speeds  but  such  variation  is  usually  slight  within  a  wide 
range  of  speeds.  ^  Fans  of  similar^design  but  of  different  size  will  also  show 
some  difference  in  efficiency.  Figs.  1  to  4  show  characteristic  curves  for 
different  types  of  fans  using  blades  of  various  shapes,  but  without  reference 
to  the  design  of  housing^  employed.  The  efficiency  curves  are  therefore 
not  serviceable  for  making  rigid  comparisons  of  efficiencies  obtainable 
with  blades  of  the  various  shapes  but  are  intended  merely  to  show  reason- 
able values  and  more  particularly  to  show  the  manner  in  which  variations 
occur  with  changes  in  fan  capacity. 


1038. 


39,  1983,  p.  407.    Amended  in  A.S.H.V.E.  TRANSACTIONS,,  Vol.  37 
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Axial  flow  fan  characteristics  are  indicated  by  Figs.  I  and  2.  These 
fans,  when  properly  designed,  have  a  satisfactory  efficiency  at  low 
resistance,  comparing  favorably  in  this  respect  with  centrifugal  fans. 
They  are  low  in  cost  and  economical  in  operation  and  occupy  relatively 
little  space.  Although  this  type  of  fan  can  operate  against  considerable 
resistance,  the  noise  often  becomes  objectionable,  so  that  it  does  not 
always  compare  favorably  with  centrifugal  fans  for  such  service.  With 
most  of  the  designs  which  employ  blades  of  uniform  thickness  the  power 
increases  rapidly  with  an  increase  in  resistance. 

The  curves  (Fig.  1)  show  the  rapid  reduction  in  capacity  and  increase  in 
power  as  the  resistance  increases.  The  low  efficiency  when  overcoming 
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FIG.  2.   OPERATING  CHARACTERISTICS  OF  AN  AIRPLANE  PROPELLER  FAN 


heavy  resistance  is  due  to  the  low  speed  of  the  blades  near  the  hub  as 
compared  to  the  relatively  high  peripheral  or  tip  speed.  The  air  driven  by 
the  blade  area  near  the  rirn  can  pass  back  through  the  less  effective  blade 
area  at  the  hub  more  easily  than  it  can  overcome  the  duct  resistance. 
Fig.  2  shows  the  performance  of  the  airplane  pr&pdkrfan  in  which  the 
blades  are  similar  in  shape  to  those  of  an  airplane  propeller  but  of  varying 
number  according  to  the  pressure  to  be  developed.  This  fan  usually 
operates  at  a  higher  speed  than  does  the  former  type  of  propeller  fan,  and 
with  a  different  power  characteristic,  the  power  remaining  fairly  constant 
throughout  the  range  of  pressures,  being  somewhat  less  at  the  higher  than 
at  the  lower  pressures.  The  flatness  of  the  horsepower  curve  indicates 
the  advantage  of  this  type  of  fan  in  preventing  overloading  of  motors 
where  fluctuations  in  pressure  occur.  Variations  in  the  diameter,  width, 
pitch,  camber,  and  the  thickness  of  the  blades  provide  a  considerable 
degree  of  flexibility  in  design,  so  that  the  peak  of  total  efficiency  may  be 
made  to  occur  at  wide-open  volume  or  at  various  percentages  of  that 
volume. 

^  Another  advantage  of  this  type  of  axial  flow  fan  is  its  low  resistance  to 
air  passage  when  standing  still.  There  are  some  installations  in  which 
such  a  characteristic  is  desirable. 
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The  straight  blade  (paddle-wheel]  or  partially  backward  curved  blade 
type  of  fan  is  practically  obsolete  for  ventilation.  Its  use  is  largely  con- 
fined to  such  applications  as  conveyors  for  material,  or  for  gases  con- 
taining foreign  material,  fumes  and  vapors.  The  open  construction  and 
the  few  large  flat  blades  of  these  wheels  render  them  resistant  to  corrosion 
and  tend  to  prevent  material  from  collecting  on  the  blades.  This  type  of 
fan  has  a  good  efficiency,  but  the  power  steadily  increases  as  the  static 
pressure  falls  off,  which  requires  that  the  motor  be  selected  with  a  moder- 
ate reserve  in  power  to  take  care  of  possible  error  in  calculation  of  duct 
resistance. 


40  50  60 
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FIG.  3,    OPERATING  CHARACTERISTICS  OF  A  FAN  WITH  BLADES  CURVED  FORWARD 

The  forward  curved  muUibiade  fan  is  the  type  most  commonly  used  in 
heating  and  ventilating  work,  as  it  has  a  low  peripheral  speed,  a  large 
capacity,  and  is  quiet  in  operation.  (See  Fig.  3.)  The  point  of  maximum 
efficiency  for  this  fan  occurs  near  the  point  of  maximum  static  pressure. 
The  static  pressure  drops  consistently  from  the  point  of  maximum 
efficiency  to  full  open  operation-  The  power  curve  rises  continually 
from  low  to  peak  capacity,  but  if  reasonable  care  is  exercised  in  figur- 
ing resistance  there  is  no  danger  of  overloading  the  motor. 

The  outstanding  characteristics  of  the  full  backward  curve  multiblade 
type  fan  are  the  steep  pressure  curves,  the  non-overloading  power  curve, 
and  the  high  speed.  (See  Fig.  4.)  This  fan  operates  at  a  peripheral  speed 
of  approximately  250  per  cent  of  the  forward  curve  multiblade  type  for 
like  results.  The  pressure  curves  begin  to  drop  at  very  low  capacity  and 
continue  to  fall  rapidly  to  full  outlet  opening.  The  steep  pressure  curves 
tend  to  produce  ^constant  capacity  under  changing  pressures.  Where 
wide  fluctuations  in  demand  occur,  this  type  of  fan  is  desirable  to  prevent 
overloading  of  motors.  The  maximum  power  requirement  occurs  at 
about  the  maximum  efficiency.  Consequently  a  motor  selected  to  carry 
the  load  at  this  point  will  be  of  sufficient  capacity  to  drive  the  fan  over  its 
full  range  of  capacities  at  a  given  speed.  The  high  speed  of  this  type 
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makes  it  adaptable  for  direct  connected  electric  motor  drives.  The  high 
speed  may  necessitate  somewhat  heavier  construction  and  more  operating 
attention  or  service.  The  dimensional  bulk  for  a  given  duty  often  is 
150  per  cent  of  that  of  a  forward  curve  multiblade  type  fan. 

Between  the  extremes  of  the  forward  and  the  full  backward  curve  blade 
type  centrifugal  fans  a  number  of  modified  designs  exist,  differing  in  the 
angularity  or  in  the  shape  of  the  blades.  Common  among  these  designs 
are  the  straight  radial  blade  type,  the  radial  tip  type,  and  the  double 
curve  blade  type  with  a  forward  angle  at  the  heel  and  a  slight  backward 
angle  at  the  tip  of  the  blade.  Characteristic  curves  of  these  types  show 


FIG.  4.   OPERATING  CHARACTERISTICS  OF  A  FAN  WITH  BLADES  CURVED  BACKWARD 

varying  degrees  of  resemblance  to  the  curves  of  Figs.  3  and  4,  according 
to  the  degree  of  similarity  to  one  or  the  other  of  the  two  designs  of  fan 
considered. 

SYSTEM  CHARACTERISTICS 

A  given  fan  performs  as  determined  by  the  real  characteristic  of  the 
system  to  which  it  is  attached.  When  a  different  performance  of  a  fan  is 
desired,  it  is  necessary  to  either  change  the  speed  of  the  fan  (as  A  to  B  or 
CtoD  in  Fig.  5),  or  to  change  the  system  (as  by  moving  a  damper  from  A 
to  C  in  Fig:  5).  If  the  speed  of  the  fan  is  changed,  the  new  point  of  opera- 
tion is  the  intersection  of  the  constant  speed  static  pressure — cubic  feet 
per  minute  curve  for  the  new  speed  with  the  system  characteristic.  If  the 
system  is  changed,  the  new  point  of  operation  is  the  intersection  of  the 
constant  speed  static  pressure,  cubic  feet  per  minute  curve  with  the  new 
system  characteristic. 

Heating  and  ventilating  systems  follow  the  simple  parabolic  law  quite 
closely  but  other  types  of  systems  follow  some  other  more  or  less  complex 
relation.  The  more  complex  systems  can  be  separated  into  their  com- 
ponent parts  whose  individual  characteristics  are  known  and  the  sum- 
mation of  the  characteristics  of  the  several  parts  of  a  system  will  give  the 
composite  characteristic  of  the  system, 
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SELECTION  OF  FANS 

The  following  information  Is  required  to  select  the  proper  type  of  fan: 

1.  Cubic  feet  of  air  per  minute  to  be  moved. 

2.  Static  pressure  required  to  move  the  air  through  the  system. 

3.  Type  of  motive  power  available, 

4.  Whether  fans  are  to  operate  singly  or  in  parallel  on  any  one  duct. 

5.  What  degree  of  noise  is  permissible, 

6.  Nature  of  the  load,  such  as  variable  air  quantities  or  pressures. 


PARABOLIC  SYSTEM 
CHARACTERISTICS   „ 
RESISTANCE  ccC.F.Mf 
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FIG.  5.    ILLUSTRATION  OF  OPERATING  POINTS  OF  A  GIVEN  FAN  AT  Two  SPEEDS 

ON  THE  SAME  AND  DIFFERENT  SYSTEMS 


Knowing  the  requirements  of  the  system,  the  main  points  to  be  con- 
sidered for  fan  selection  are  (1)  efficiency,  (2)  speed,  (3)  noise,  (4)  size  and 

weight,  and  (5)  cost. 

In  order  to  facilitate  the  choice  of  apparatus,  the  various  fan  manu- 
facturers supply  fan  tables  or  curves  which  usually  show  the  following 

factors  for  each  size  of  fan  operating  against  a  wide  range  of  static 

pressures: 


1.  Volume  of  air  in  cubk  feet  per  minute 
OfXMSB  Ib  per  oibic  foot). 

2,  Outlet  velocity. 

3%  Revolutions  per  minute. 

4.  Bmkc  power. 

5.  Tip  or  peripheral  speed, 
0,  Static  pressure.. 
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The  most  efficient  operating  point  of  the  fan  is  usually  shown  by  either 
bold-face  or  italicized  figures  in  the  capacity  tables. 

Fans  for  Ventilating  and  Air  Conditioning  Systems 

Two  important  factors  in  selecting  fans  for  ventilating  systems  are 
efficiency  (which  affects  the  cost  of  operation)  and  noise.  First  cost  and 
space  available  are  secondary.  The  fans  should  be  selected  to  operate 
at  maximum  efficiency  without  noise.  Because  noise  in  a  ventilating 
system  is  irritating  and  a  cause  for  complaint,  fans  must  be  selected  of 
proper  size  in  order  to  reduce  it  to  a  minimum.  Noise  may  be  caused  by 
other  factors  than  the  fan,  namely,  high  velocity  in  the  duct  work, 
unsatisfactory  location  of  the  fan  room,  improper  construction  of  floors 
and  walls,  and  poor  installation.  Where  noise  is  chargeable  directly  to 
the  fan,  it  is  caused  either  by  excessive  peripheral  speeds,  or  the  fan  is  of 
insufficient  size.  It  should  be  remembered,  however,  that  the  tip  speed 


TABLE  1. 


GOOD  OPERATING  VELOCITIES  AND  TIP  SPEEDS  FOR  FORWARD  CURVED 
MBLTIBLADE  VENTILATING  FANS 


STATIC  PRISSURI 
INCHES  OP  WATEB 

OOTLFT  VILOCRT 
Fim  FMS  jumim 

TIP  Smo 
Fur  ras  MINTTZ 

X 

1000-1100 

1530-1700 

1000-1100 

1760-1900 

M 

1000-1200 

1970-2150 

5^ 

1100-1300 

2225-2450 

% 

1200-1400 

2480-2700 

% 

1300-1600 

2660-2910 

1 

1500-1800 

28'20-3120 

1J^ 

1600-1900 

3162-3450 

1J^ 

1800-2100 

3480-3810 

IJi 

1900-2200 

3760-4205 

2 

2000-2400 

4000-4500 

2M 

220O-260Q 

4250-4740 

2J^ 

2300-2600 

4475-4970 

3 

250Q-2SOO 

4900-5365 

required  for  a  specified  capacity  and  pressure  varies  with  the  type  of 
blade,  and  that  a  tip  speed  which  may  be  excessive  for  the  forward 
curved  type  is  not  necessarily  so  for  the  backward  or  slightly  backward 
type.  A  noisy  fan  usually  is  one  which  is  operated  at  a  point  considerably 
beyond  maximum  efficiency. 

For  a  given  static  pressure  there  is  a  corresponding  outlet  velocity  and 
peripheral  speed  wherein  maximum  efficiency  is  obtained.  If  a  fan  is 
selected  to  operate  at  this  point,  the  cost  of  operation  and  the  noise  can 
be  held  within  control. 

To  aid  in  selecting  fans  as  near  as  possible  to  the  point  of  maximum 
efficiency,  there  are  listed  in  Tables  1  and  2  for  each  static  pressure  cor- 
responding outlet  velocities  and  tip  speeds  which  will  give  satisfactory 
results.  The  proper  tip  speed  for  a  given  static  pressure  varies  with  the 
design  of  wheel  and  with  the  number  of  blades  or  vanes  in  the  wheel. 

Lower  outlet  velocities  than  those  listed  in  Table  1  may  be  employed, 
but  care  must  be  exercised  to  avoid  selecting  a  fan  for  operation  below  its 
useful  range.  It  is  typical  of  all  multiblade  fans  to  have  a  sudden  drop 
in  the  static  pressure  curve  near  a  fully  closed  position  and  the  selection 
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of  fans  in  this  zone  must  be  avoided.  The  useful  range  of  the  fans  of 
Table  2  extends  over  the  full  length  of  the  performance  curve. 

In  exhaust  ventilating  systems  where  the  air  column  moves  toward  the 
fan,  noise  due  to  the  higher  tip  speeds  and  outlet  velocities  will  not  be 
so  readily  transmitted  back  through  the  air  column  to  the  building  as 
when  the  air  column  is  moving  toward  the  rooms.  Therefore  higher 
outlet  velocities  may  be  used,  but  this  will  be  at  the  expense  of  increased 
horsepower. 

Amply  large  fans  should  always  be  used  for  both  exhaust  and  supply 
systems,  as  there  may  be  and  usually  is  leakage  despite  the  most  careful 
workmanship,  necessitating  the  delivery  of  more  air  at  the  fans  than  is 
exhausted  from  or  supplied  through  the  openings  in  the  various  rooms. 

Long  runs  of  distributing  ducts,  heaters,  and  air  washers  require 
definite  increments  of  the  total  pressure  which  a  supply  fan  in  a  venti- 

TABLE  2.  GOOD  OPERATING  VELOCITIES  AND  TIP  SPEEDS  FOR  MULTIBLADE  VENTILATING 
FANS  WITH  BACKWARD  TIPPED  AND  DOUBLE  CURVED  BLADES 


STATIC  PIISBDBI 
IvcHBfl  OF  WATSS 

OUIHT  VlLOOITT 

FEET  PSH  MiN-urai 

TIP  SPUD 

FEET  KBK  Huron 

M 

800-1100 

2600-3100 

800-1150 

3000-3500 

i^ 

900-1300 

3400-4000 

5/B 

1000-1500 

3800-4500 

X 

1100-1650 

4200-5000 

H 

1200-1750 

4500-5300 

l 

1200-1900 

4800-5750 

1M 

1300-2100 

5300-6350 

1400-2300 

5750-6950 

IX 

1500-2500 

6200-7550 

2 

1600-2700 

6650-8050 

m 

1700-2800 

705O-S550 

2M 

1800-2950 

7450-9000 

3 

2000-3200 

8200-9850 

lating  system  must  overcome.  These  static  pressures  should  be  con- 
sidered when  selecting  the  fan  characteristics,  speed,  and  power. 

Fans  picked  within  the  limits  of  Table  1  will  operate  dose  to  the  point 
of  maximum  efficiency.  No  attempt  has  been  made  to  select  these  limits 
for  quiet  operation,  since  this  is  a  relative  term  and  varies  with  the  type 
and  location  of  the  installation. 

The  connection  of  a  fan  to  a  metallic  duct  system  should  be  made  by 
canvas  or  a  similar  flexible  material  so  as  to  prevent  the  transmission  of 
fan  vibration  or  noises.  Where  noise  prevention  is  a  factor  the  fan  and  its 
driver  should  have  floating  foundations. 

Fans  for  Drying 

Both  axial  flow  and  centrifugal  types  of  fans  are  used  for  drying  work. 
Propeller  fans  are  well  adapted  to  the  removal  of  moisture-laden  air  when 
operating  against  low  resistance  and  when  handling  air  at  low  tempera- 
tures. Motors  on  these  fans  usually  are  of  the  fully-enclosed  moisture- 
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proof  types  so  that  saturated  air  or  air  containing  foreign  material  will 
not  injure  the  motors. 

Unit  heaters  employing  axial  flow  fans  are  widely  used  in  the  drying 
field.  In  drying,  these  fans  may  be  used  with  unit  heaters  where  not 
too  much  duct  work  is  required  and  where  air  is  to  be  delivered  against 
pressure,  since  the  noise  developed  from  the  high  peripheral  speed  of  these 
fans  is  not  ordinarily  objectionable  in  process  work. 

Centrifugal  fans  of  the  multiblade  type  generally  are  selected  to  supply 
air  for  drying,  as  they  are  capable  of  delivering  large  volumes  of  air 
against  all  pressures  likely  to  be  encountered. 

Belt-driven  fans  usually  are  to  be  preferred  to  direct-connected  fans 
since  efficient  motor  speeds  do  not  usually  coincide  with  efficient  fan 
speeds.  Replacement  of  a  standard  motor  is  quick  and  easy  if  it  is  belted. 

Wherever  drying  is  done  throughout  the  year  and  where  air  require- 
ments change  as  the  drying  conditions  change,  the  drying  can  be  speeded 
up  or  reduced  through  control  of  the  fan  capacity.  This  may  be  done  by 
changing  the  fan  speed  or  by  varying  the  outlet  area  with  dampers.  A 
throttled  outlet  reduces  the  volume  and  reduces  the  power. 

Due  to  the  low  speeds  of  forward  curved  multiblade  or  paddle-wheel 
type  fans,  these  can  be  direct-connected  to  reciprocating  steam  engines, 
and  the  exhaust  steam  from  the  engines  may  be  used  in  the  heating 
apparatus.  In  selecting  engine-driven  fans  for  drying  processes,  where  a 
large  quantity  of  exhaust  steam  is  used  in  the  heaters,  a  smaller  fan  and 
greater  power  consumption  may  be  used,  because  power  economy  is  not 
essential  under  this  condition. 

Where  static  pressure  in  a  drier  varies,  and  where  several  fans  must 
operate  in  parallel,  fans  are  to  be  preferred  which  have  a  continuously 
rising  pressure  characteristic,  such  as  is  given  by  backward-curved  or 
double-curved  blades.  This  type  of  fan  is  well  adapted  for  direct-con- 
nected motors  of  the  higher  speeds.  (See  Chapter  40  on  Drying  Systems) . 

Fans  for  Dust  Collecting  and  Conveying 

The  application  of  fans  for  handling  refuse,  dust,  and  fumes  generated 
by  machine  equipment  is  covered  in  Chapter  39.  Information  is  given 
regarding  the  methods  for  determining  air  quantities,  the  velocity  required 
for  carrying  various  materials  and  the  method  of  determining  maintained 
resistance  or  total  static  pressure  at  which  the  fan  is  to  operate.  The 
selection  of  a  proper  size  fan  is  at  times  governed  by  the  future  require- 
ments of  the  plant.  In  many  instances,  additional  future  capacity  is 
anticipated  and  should  be  provided  for. 

Having  determined  the  necessary  volume  of  air  and  the  maintained 
resistance  or  static  pressure  required,  the  proper  size  fan  may  be  selected 
from  the  fan  manufacturers'  performance  charts  or  capacity  tables.  The 
fan  chosen  should  be  the  size  that  will  provide  the  required  ultimate 
quantities  with  the  minimum  power  consumption. 

FAN  VOLUME  CONTROL 

Some  method  of  volume  control  of  fans  usually  is  desirable.  This  may 
be  done  by  varying  the  peripheral  velocity  or  by  interposing  resistance,  as 
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by  throttling-dampers.  Both  methods,  since  they  reduce  the  volume  of 
air,  reduce  the  power  required.  In  many  installations  adjustments  of 
volume  are  desirable  during  varying  hours  of  the  day.  In  others  an 
increased  supply  of  air  in  summer  over  that  needed  for  winter  is  demanded. 
Experience  is  required  in  deciding  whether  speed-control  or  damper- 
control  shall  be  used  for  specific  cases.  Where  noise  is  a  factor,  it  is  desir- 
able to  obtain  reduction  of  volume  by  reduction  of  speed  as  throttling 
by  damper  may  be  a  source  of  noise.  When  controlling  capacity  by 
speed,  the  fan  law  given  on  page  544  applies. 

FAN  DESIGNATIONS 

Facing  the  driving  side  of  the  fan,  blower,  or  blast  wheel,  if  the  proper  direction  of 
rotation  is  clockwise,  the  fan,  blower,  or  blast  wheel  will  be  designated  as  clockwise. 
If  the  proper  direction  of  rotation  is  counterclockwise,  the  designation  will  be  counter- 
clockwise. (The  driving  side  of  a  single  inlet  fan  is  considered  to  be  the  side  opposite 
the  inlet  regardless  of  the  actual  location  of  the  drive.)3 

This  method  of  designation  will  apply  to  all  centrifugal  fans,  single  or  double  width, 
and  single  or  double  inlet.  Do  not  use  the  word  "hand/*  but  specify  "clockwise"  or 
"  counter-clockwise." 

The  discharge  of  a  fan  will  be  determined  by  the  direction  of  the  line  of  air  discharge 
and  its  relation  to  the  fan  shaft,  as  follows; 

Bottom  horizontal:   If  the  line  of  air  discharge  is  horizontal  and  below  the  shaft. 
Top  horizontal:  If  the  line  of  air  discharge  is  horizontal  and  above  the  shaft. 
Up  blast:  If  the  line  of  air  discharge  is  vertically  up. 
Down  Mast:  If  the  line  of  air  discharge  is  vertically  down. 
All  intermediate  discharges  will  be  indicated  as  angular  discharge  as  follows: 
Either  top  or  bottom  angular  up  discharge  or  top  or  bottom  angular  down  discharge, 
the  smallest  angle  made  by  the  line  of  air  discharge  with  the  horizontal  being  specified. 

In  order  to  prevent  misunderstandings,  which  cause  delays  and  losses, 
the  arrangements  of  fan  drives  adopted  by  the  National  Association  of 
Fan  Manufacturers  and  indicated  in  Fig.  6  are  suggested. 

If  double  width,  double  inlet  fans  are  selected,  care  must  be  taken  that 
both  inlets  have  the  same  free  area*  If  one  inlet  of  a  fan  is  obstructed 
more  than  the  other,  the  fan  will  not  operate  properly,  as  one  half  of  the 
wheel  will  deliver  more  air  than  the  other  half.  The  backward  curmd  and 
double  curved  types  with  backward  tip  operate  satisfactorily  in  double  or 
in  parallel  operation. 

MOTIVE  POWER 

It  is  no  easy  matter  to  predetermine  the  exact  resistance  to  be  encoun- 
tered by  a  fan  or,  having  determined  this  resistance,  to  insure  that  no 
changes  in  construction  or  operation  shall  ensue  which  may  increase  air 
resistance,  thus  requiring  more  fan  speed  and  power  to  deliver  the  required 
volume,  or  which  may  reduce  air  resistance,  thus  causing  delivery  of  more 
air  and  a  consequent  increase  of  power  even  at  constant  speed. 

It  is  recommended,  therefore,  for  centrifugal  type  fans  that  the  rated 
power  to  be  supplied  shall  exceed  the  rated  fan  power  by  a  liberal  margin, 
when  forward  curmd  types  are  used.  When  backward  or  double  curved 


itiona  adopted  by  the  National  Association  of  Fan  ilartv/aciurers. 
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blade  types  are  used,  motors  with  ratings  very  close  to  that  of  the  fan 
horsepower  demand  can  be  employed,  provided  the  fan  has  a  limiting 
horsepower  characteristic. 

Justification  for  liberal  power  provision  exists  also  in  the  possibility 
of  varying  demand  due  to  changes  in  ventilation  requirements,  intensity 
of  occupation,  and  weather  conditions. 

The  motive  power  of  fans  should  be  determined  in  accordance  with  the 
Standard  Test  Code  for  Disc  and  Propeller  Fans,  Centrifugal  Fans  and 
Blowers,  as  adopted  by  the  AMERICAN  SOCIETY  OF  HEATING  AND  VENTI- 
LATING ENGINEERS  and  the  National  Association  of  Fan  Manufacturers. 

Fans  may  be  driven  by  electric  motors,  steam  engines  (either  horizontal 
or  vertical),  gasoline  or  oil  engines,  and  turbines,  but  as  previously  stated 
the  drive  commonly  used  is  the  electric  motor. 
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Chapter  30 

AIR  DISTRIBUTION 

Definitions,  Grille  Locations,  Standards  for  Satisfactory  Com~ 
ditions,  Factors  Affecting  Distribution  for  Cooling  and  H«nt- 
ing,  Air  Outlet  Noises,  Selection  of  Supply  Outlets,  Balancing 

System 

/CORRECT  air  distribution  contributes  as  much  or  more  to  the  success 
v_>  of  a  forced  air  heating,  ventilating,  cooling  or  air  conditioning  system 
as  does  any  other  single  factor.  Supplying  the  proper  amount  of  air  is 
one  problem;  properly  distributing  it  from  the  point  where  it  leaves  the 
fan  is  another.  The  distribution  problem  may  be  further  divided  into: 
(a)  distribution  to  the  various  spaces  served  by  the  system*  (6)  distribution 
in  these  spaces.  This  discussion  is  primarily  limited  to  division  (&), 
reference  being  made  to  the  duct  system  only  insofar  as  it  affects  the 
performance  of  the  air  distribution  outlets. 

Definitions 

1.  Supply  Opening  or  Outt^:    Any  opening  through  which  air  is  delivered  into  a 
space  which  is  being  heated,  or  cooled,  or  humidified,  or  dehumidified,  or  ventilated. 

2.  Exhaust  Opening:    Any  opening  through  which  air  is  removed  from  a  space  which 
is  being  heated,  or  cooled,  or  humidified,  or  dehumidified,  or  ventilated. 

3.  Outside  Air  Opening:    Any  opening  used  as  an  entry  for  air  from  outdoors. 

4.  Grille:    A  covering  for  any  opening  and  through  which  air  passes. 

5.  Damper;    A  device  used  to  vary  the  volume  of  air  passing  through  a  confined 
cross-section  by  varying  the  cross-sectional  area. 

6.  MuUiple  Louver  Damper:    A  damper  having  a  number  of  adjustable  blades. 

7.  Single  Louver  Damper:    A  damper  having  one  adjustable  blade. 

8.  Face:    A  grille  with  provision  for  attaching  a  damper. 

9.  Register:    A  face  with  a  damper  attached. 

10.  Flange:    The  portion  (either  integral  or  separate)  of  a  grille,  face,  or  register 
extending  into  the  duct  opening  for  the  purpose  of  mounting. 

11.  Frame:    The  portion  (either  integral  or  separate)  of  a  grille,  face,  or  register 
extending  around  the  duct  opening  for  the  purpose  of  mounting. 

12.  Margin:    The  margin  of  a  grille,  face,  or  register  is  one-half  of  the  difference 
between  the  duct  dimension  and   overall   dimension  measured  either  horizontally  or 
vertically. 

13.  Fret:    The  member  separating  the  openings  of  a  grille,  face,  or  register. 

14.  Free  Area:    The  total  minimum  area  of  the  openings  In  the  grille,  face,  or  register 
through  which  air  can  pass. 

15.  Core  A  rea:   The  total  plane  area  of  the  portion  of  a  grille,  face,  or  register  bounded 
by  a  line  tangent  to  the  outer  edges  of  the  outer  openings  through  which  air  can  pass. 

16.  Mean  Arm:    The  total  of  the  core  and  free  areas  divided  by  two. 

17.  Duct  Arm:   The  area  of  a  cross-section  of  the  duct  based  on  the  inside  dimensions 
at  the  point  where  the  grille,  face  or  register  is  mounted. 
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18.  Percentage  Free  Area:    The  ratio  of  the  free  area  to  the  core  area  expressed  in 
percentage. 

19.  Aspect  Ratia:    The  ratio  of  length  of  the  core  of  a  grille,  face  or  register  to 
the  width. 

20.  Throw;   The  distance  air  will  carry  measured  along  the  axis  of  an  air  stream  from 
the  supply  opening  to  the  position  in  the  stream  at  which  air  motion  reduces  to  50  fpm. 

21.  Envelope:    The  outer  boundary  of  an  air  stream. 

GRILLE  LOCATIONS 

The  location  of  supply  and  exhaust  openings  is  extremely  important  if  a 
satisfactory  installation  is  to  be  secured.  Very  frequently,  however,  the 
room  or  building  is  planned  and  constructed  with  practically  no  con- 
sideration of  this  problem.  The  engineer  of  today  is  more  likely  than  not 
to  have  as  his  problem  a  building  that  was  constructed  long  before  any 
consideration  whatever  was  given  to  air  conditioning  it.  Consequently, 
the  room  shapes,  the  location  of  columns  and  beams,  and  other  details  of 
architecture  frequently  make  it  difficult  to  properly  locate  the  supply 
openings.  In  general,  for  a  cooling  installation,  the  grilles  should  be 
located  high  enough  from  the  floor  to  prevent  the  discharge  of  air  directly 
upon  the  occupants  of  the  room,  and  far  enough  down  from  the  ceiling  to 


FIG.  1.    PLAN  VIEW  LONG  THROW 
SUPPLY  OPENING 


FIG.  2.    PLAN  VIEW  SHORT  THROW 
SUPPLY  OPENINGS 


minimize  the  possibility  of  streaking,  and  to  permit  induction  of  air  from 
all  sides  of  the  stream.  If  the  stream  actually  strikes  the  ceiling,  but  at  a 
small  angle,  the  throw  will  be  increased  somewhat  if  the  ceiling  is  smooth. 
If  the  angle  at  which  the  stream  hits  the  ceiling  is  20  deg  or  more,  or 
if  the  flow  along  the  ceiling  is  obstructed  by  panel  mouldings  or  beams, 
air  velocity  may  be  rapidly  lost  and  a  decreased  throw  result.  The  air 
stream  also  should  be  so  directed  that  it  will  not  strike  nearby  columns 
or  beams  in  such  a  way  as  to  cause  misdirection  of  the  air  stream  or  drafts. 
Where  the  room  is  of  irregular  shape,  as  an  ell,  or  where  it  has  an  alcove 
in  one  side,  consideration  should  be  given  to  obtaining  satisfactory 
circulation  in  these  comers.  Frequently  this  cannot  be  done  except  by 
the  use  of  multiple  supply  openings.  In  using  multiple  supply  openings, 
care  must  be  taken  that  the  several  air  streams  do  not  interfere  with 
each  other,  until  their  velocities  have  been  reduced  to  values  which  will 
not  cause  high  turbulence  and  a  drafty  condition.  Beams  and  offsets 
in  the  ceiling  will  cause  little  difficulty  when  substantially  parallel  to  the 
direction  of  flow,  unless  they  are  of  considerable  depth,  but,  when  po- 
sitioned across  the  air  stream,  may  cause  drafts  and  failure  to  secure 
satisfactory  circulation  in  that  portion  of  the  room  farthest  from  the 
supply  opening.  In  the  case  of  a  heating  installation,  down-drafts  pro- 
duced by  such  obstructions  may  not  be  serious,  because  the  air  will 
rapidly  Jose  its  downward  motion,  but  the  possibility  of  failure  to  obtain 
satisfactory  circulation  still  exists. 
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The  location  of  supply  openings  should,  if  possible,  be  such  as  to  take 
advantage  of  the  maximum  velocity  permissible  from  a  noise  standpoint, 
For  instance,  the  spaces  illustrated  in  Figs,  i  and  2  may  be  satisfactorily 
served  by  either  arrangement.  However,  by  taking  advantage  of  the  long 
throw,  to  which  the  arrangement  in  Fig.  1  lends  itself,  fewer  supply 
openings  are  required  and  additional  savings  are  effected  in  the  sheet 
metal  work. 

In  solving  the  problem  of  properly  conditioning  a  room  of  irregular 
shape,  where  multiple  wall  supply  grilles  are  objectionable,  a  ceiling  sup- 
ply opening  of  the  type  illustrated  in  Figs.  3  and  4  may  very  often  be 
the  best  solution. 

In  choosing  the  most  desirable  location  for  the  return  air  grille,  con- 
sideration should  be  given  to  its  effect  on  circulation  of  the  air  through 
the  room.  It  is  generally  true  that  the  return  air  grille  should  be  placed 
on  the  same  wall  as  the  supply  and  near  the  floor  level.  This  results  in  a 
U-shaped  air  path  (Fig.  5)  which  covers  the  room  thoroughly.  The 
arrangement  shown  in  Fig.  6  should  be  avoided,  because  it  tends  to  create 
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FIG.  3.  ELEVATION  VIEW,  CEILING  SUPPLY 
OUTLET  WITH  RETURN  OPENING  IN  WALL 


FIG.  4.    ELEVATION  VIEW,  CEILING 
SUPPLY  AND  RETURN  OPENINGS 


a  stagnant  section  below  the  supply  grille.  What  would  otherwise  be  an 
unsatisfactory  dead  spot  in  a  room  may  in  some  instances  be  taken  care 
of  by  location  of  the  return  air  grille  near  that  area  (Fig.  7). 

STANDARDS  FOR  SATISFACTORY  CONDITIONS 

The  most  satisfactory  air  condition  cannot  be  definitely  stated  for  any 
particular  individual  without  conducting  a  series  of  tests  with  that 
individual  as  subject;  some  persons  are  less  sensitive  than  others  to 
variations  in  temperature,  humidity,  air  velocity  and  noise.  _  The  best 
that  can  be  done  is  to  attempt  to  set  limiting  conditions  leaning  toward 
the  values  of  these  variables  which  produce  a  condition  of  comfort  for  the 
greatest  number  of  individuals.  On  a  cooling  installation,  the  allowable 
deviation  from  average  room  temperature,  that  is,  the  temperature  of 
puffs  of  air  which  may  strike  a  person  momentarily,  is  a  function  of ^  the 
room  temperature  as  well  as  the  velocity  of  the  air.  For  instance,  in  a 
room  controlled  at  72  F,  a  puff  of  air  at  70  F  might  be  uncomfortable  to 
an  individual,  even  at  relatively  low  velocities,  whereas  if  the  average 
room  temperature  were  80  F»  air  at  78  F,  even  at  moderate  velocities* 
might  be  very  satisfactory.  However,  air  at  78  F  in  an  average  room 
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temperature  of  83  F  would  be  cold.  In  general,  other  conditions  being 
equal,  for  the  range  of  temperatures  normally  encountered  in  living 
quarters  on  cooling  installations,  the  permissible  deviation  from  average 
room  temperature  varies  from  approximately  1  F  at  the  low  end  of  the 
range  to  about  3  F  at  the  high  end  of  the  range.  In  this  matter,  it  is 
important  to  consider  the  particular  problem  in  the  light  of  the  type  of 
occupancy.  For  instance,  greater  deviations  from  room  temperature  and 
higher  velocities  may  be  permitted  in  a  garage  or  a  hotel  hallway  than 
would  be  permissible  in  an  office  or  living  room.  The  velocity  which  may 
be  considered  the  permissible  maximum  differs  with  the  temperature 
deviation  for  a  given  installation,  but  an  absolute  maximum  under  any 
conditions  might  be  considered  that  which  would  produce  a  mechanical 


FIG.  5.    ELEVATION  VIEW  CORRECTLY  LOCATED  RETURN  OPENING 


FIG,  6,    ELEVATION  VIEW  OF  IMPROPERLY  LOCATED  RETURN  OPENING 

disturbance,  such  as  the  movement  of  a  person's  hair  or  disturbance  of 
papers  on  a  desk.  Humidity  is  an  important  consideration  in  the  deter- 
mination of  one's  feeling  of  comfort;  however,  if  the  room  generally  is 
assumed  to  be  at  a  satisfactory  value  of  relative  humidity,  the  designer  is 
justified  in  neglecting  this  factor  when  considering  permissible  fluctuations 
in  temperature  and  velocity  in  the  occupancy  zone.  This  is  true  because 
the  maximum  allowable  temperature  fluctuation  results  in  an  unnoticeable 
humidity  change. 

The  standards  that  might  be  set  up  for  maximum  allowable  room 
temperature  deviation  and  air  velocity  would  not  be  the  same  for  both 
heating  and  cooling  installations.  In  the  former  case,  any  appreciable 
temperature  deviation  is  likely  to  be  above  rather  than  below  the  average 
room  temperature,  whereas  the  reverse  is  most  likely  to  be  true  on  a 
cooling  installation.  Further,  because  air  movement  has  a  cooling  effect 
in  itself,  the  feeling  of  warmth  due  to  temperatures  above  room  tem- 
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perature  is  counteracted  to  a  certain  extent  so  that  an  individual  may  be 
subjected  to  higher  velocities  of  warm  air  without  the  feeling  of  dis- 
comfort occasioned  by  the  same  velocities  of  cool  air.  In  every  case,  it 
should  be  the  purpose  of  the  designing  engineer  to  keep  the  conditions 
within  the  zone  of  occupancy  as  nearly  uniform  as  possible,  securing 
minimum  temperature  deviations  and  low  velocities. 

It  is  impractical  to  measure  momentary  temperature  differences  with 
any  degree  of  accuracy  in  the  field,  but  in  checking  a  given  installation  it 
will  generally  be  found  satisfactory  to  measure  velocity  only,  since  on 
cooling  installations  high  velocities  normally  occur  with  low  temperatures, 
and  on  heating  installations  high  velocities  occur  with  high  temperatures. 
That  is,  in  the  former  case,  the  chilled  supply  air  loses  its  velocity  and 
undergoes  an  ^  increase  in  temperature  as  it  settles  into  the  occupancy 
zone,  whereas  in  the  latter  case  the  heated  supply  air  loses  its  velocity  and 
undergoes  a  decrease  in  temperature  during  this  process.  Therefore,  if  the 


FIG.  7. 


PLAN  VIEW  CORRECTLY  LOCATED  RETURN  OPENING  ELIMINATING 
STAGNANT  SPACE 


average  velocities  within  the  occupancy  zone  are  not  excessive,  one  is 
fairly  safe  in  assuming  that  the  temperature  difference  is  also  within 
permissible  limits. 

The  subject  of  sound  control  is  covered  in  Chapter  32  and  it  is  recom- 
mended for  detailed  review  before  consideration  of  the  problem  of  air 
supply  opening  noise.  An  understanding  of  the  relation  between  sound 
intensity  and  loudness  level  in  decibels,  as  well  as  the  effect  of  the  presence 
of  sound  absorbent  materials  in  the  room,  is  particularly  necessary.  A 
more  detailed  discussion  of  the  nature  of  this  problem  appears  later; 
whereas  the  following  comments  refer  to  what  constitutes  a  satisfactory 
noise  condition. 

Obviously,  the  nature  of  the  conditioned  space  is  important  when  con- 
sidering the  allowable  supply  opening  noise.  In  factories,  press  rooms, 
and  similar  spaces  where  the  noise  level  is  65  db  or  higher,  no  complaints 
of  grille  noise  are  likely  to  be  made.  On  the  other  hand,  some  homes, 
offices,  hospitals,  and,  most  of  all,  radio  broadcasting  and  movie  sound 
studios,  present  a  real  problem  which  must  be  intelligently  attacked  if  a 
satisfactory  installation  is  to  be  made.  In  this  chapter  the  noise  of  the 
air  supply  openings  (and  returns)  only  is  considered,  it  being  assumed 
that  the  noise  or  sound  level  of  the  room  without  the  supply  opening  npise 
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includes  that  which  may  be  contributed  by  fans,  motors,  duct  work,  and 
other  items  of  conditioning  equipment.  The  control  of  noise  from  these 
sources  is  another  problem  (see  Chapter  32).  Where  sound  control  is 
important,  the  actual  room  sound  level  without  conditioning  equipment 
should  be  known.  If  feasible,  the  contribution  of  the  conditioning 
equipment,  less  supply  openings,  should  be  estimated  to  secure  the 
working  sound  level.  If  this  correction  is  not  made,  the  use  of  the  first 
value  errs  in  the  direction  of  safety. 

It  is  evident  that  the  point  within  the  room  which  should  concern  the 
designer  in  this  problem  is  that  at  which  the  supply  opening  noise  is 
greatest.  A  tentative  standard  listening  point  relative  to  the  supply 
opening  is  suggested  later  in  this  discussion,  and  it  is  assumed  that  the 
supply  opening  noise  data  are  taken  with  reference  to  this  point.  If  it  is 
desired  that  the  supply  opening  noise  result  in  an  inaudible  addition  to 
the  existing  noise  level,  it  is  safe  to  assume  the  total  supply  opening  noise 
to  be  5  db  below  room  level.  This  results  in  an  increase  in  total  noise  of 
slightly  over  1  db,  which  is  unnoticeable.  If  an  increase  of  3  db  is  per- 
missible, the  supply  opening  noise  level  may  be  equal  to  the  room  noise 
level  alone.  All  supply  openings  in  the  room  must  be  considered,  as  will 
appear  later;  the  returns  may  be  ignored  only  if  they  are  so  sized  that 
the  velocity  of  air  through  them  is  much  less  than  through  the  supply 
opening. 

DISTRIBUTION  FACTORS  IN  ROOM  COOLING 

In  attempting  to  design  a  satisfactory  air  distributing  system,  it  is  first 
necessary  to  properly  locate  the  grilles  in  accordance  with  the  recom- 
mendations already  stated.  Assuming  that  the  best  locations  have  been 
selected,  it  then  becomes  necessary  to  choose  the  proper  grille  for  that 
location.  The  considerations  involved  are  the  amount  of  air  to  be 
handled,  the  velocity  permissible  from  the  standpoint  of  noise,  and  the 
distance  the  air  should  carry.  The  distance  it  will  carry,  assuming  no 
obstructions,  is  affected  by  a  number  of  factors  which  are  listed  below: 

1 .  The  temperature  difference  between  incoming  and  room  air. 

2.  Height  of  grille  atxwe  floor  and  distance  below  ceiling. 

3.  Face  velocity. 

4.  Core  area. 

5.  Con*  aspect  ratio. 

6.  Design  of  grille. 

The  manner  in  which  the  above  factors  affect  throw  may  be  generally 
stated.  All  other  things  being  constant  any  one  of  these  will  produce  a 
longer  throw;  a  higher  temperature  of  incoming  air;  a  greater  height 
above  the  loor;  a  higher  velocity;  a  greater  area1.  A  larger  aspect  ratio 
will  decrease  throw.  The  design  characteristics  of  the  grille  will,  of  course, 
vary  the  throw. 

^consideration  of  what  constitutes  the  possible  throw  of  a  supply 

opening  under  a  given  set  of  conditions,  it  is  important  to  remember  that 

the  throw  may  be  unsatisfactory  for  any  one  of  several  reasons: 


»A.&lt.V.E.  Rrauac*  Ma  1939— Air  Dfetritmtk*  f root  Side  Wall  Outlet*  by  D.  W.  Neteon 

•mi  D.  J.  Simit  <A.&H.V.K,  TKAMMCTIOMS.  Vol.  44,  IMS,  p.  77). 
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1.  It  may  be  so  long  that  it  will  strike  the  far  side  of  the  room  and  come  down  the  wall 
with  velocities  higher  than  are  permissible, 

2.  It  may  be  so  short  that  it  will  fail  to  carry  the  full  length  of  the  room,  and  short- 
circuit  to  the  return  air  supply  opening,  or 

3.  It  may  spill  into  the  center  of  the  room. 

In  the  first  case,  the  system  fails  for  lack  of  uniform  distribution  and  the 
presence  of  cold  areas.  In  the  second  case,  the  standards  as  to  velocity 
and  temperature  difference  in  the  zone  of  occupancy  may  be  satisfactorily 
met,  but  air  distribution  and  circulation  throughout  the  entire  room  is  not 
accomplished,  with  the  result  that  the  end  of  the  room  away  from  the 
outlet  would  not  be  satisfactorily  conditioned.  In  the  third  case,  the 
shortcomings  of  both  case  one  and  case  two  are  present.  It  is  evident, 
therefore,  that  for  a  given  supply  opening  discharging  air  at  a  given 
velocity,  there  is  a  maximum  and  a  minimum  length  of  room  which  can 
be  satisfactorily  handled.  In  the  latter,  the  velocity  of  the  air  down  the 
far  wall  is  just  within  the  maximum  pejmlssible,  while  in  the  former, 
satisfactory  circulation  is  barely  accomplished. 

In  general,  the  higher  the  supply  opening  is  above  the  floor,  the  greater 
may  be  the  difference  between  room  air  and  incoming  air  temperatures. 

Assuming  that  proper  supply  openings  for  a  given  installation  have  been 
selected,  unsatisfactory  performance  may  still  result  due  to  the  con- 
struction of  the  duct  work  immediately  back  of  the  supply  openings. 
Performance  data  on  the  grilles  and  registers  of  various  manufacturers  are 
based  upon  results  obtained  with  the  air  approaching  the  grille  perpen- 
dicularly and  at  uniform  velocity  over  the  entire  duct  cross-section. 
Where  this  condition  does  not  exist  in  practice,  performance  predictions 
based  on  published  data  cannot  be  expected  to  be  realized.  Every 
precaution  should  be  taken  to  secure  as  nearly  ideal  conditions  in  the 
approaching  air  stream  as  are  possible. 

In  addition  to  disturbances  due  to  the  construction  of  the  duct  work 
itself  are  those  which  may  be  created  by  dampers  immediately  behind  the 
grille.  Where  either  multiple  louver  or  single  blade  dampers  are  used, 
considerable  deflection  of  the  air  stream  may  result,  if  it  is  throttled 
appreciably  by  these  means.  This  is  particularly  true  when  the  fins  of  the 
register  core  are  perpendicular  to  the  damper  blades.  If  the  core  has 
sufficient  depth  and  the  fins  are  parallel  to  the  blades,  there  is  a  marked 
tendency  to  straighten  the  air  stream,  although  some  deflection  may  still 
result. 

Any  attempt  to  secure  a  low  face  velocity  and  high  duct  velocity  by 
the  construction  of  any  expanding  chamber  immediately  behind  the  grille 
is  likely  to  be  unsuccessful.  In  order  to  expand  from  a  small  duct  to 
a  larger  one,  and  have  the  air  stream  fill  the  duct  at  the  end  of  the  diverg- 
ing section  without  turbulence,  angle  A  in  Fig.  8  should  be  about  3  deg 
for  four-sided  expansion  and  about  5  deg  for  two-sided  expansion.  From 
this  it  is  apparent  that  an  attempt  to  secure  equivalent  results  with  a 
short  connection  would  be  futile.  What  actually  happens  when  this  is 
attempted  is  illustrated  by  the  arrows  in  Fig.  8.  When  localized  high 
velocities  through  the  supply  opening  exist  from  this  cause  or  any  other, 
the  noise  produced  will  naturally  exceed  that  which  the  supply  opening 
area  and  average  face  velocity  would  lead  one  to  expect.  This  fact  should 
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be  remembered  in  considering  the  use  of  register  dampers,  particularly 
in  those  cases  where  there  must  be  considerable  throttling  with  the  damper 
to  balance  a  poorly  designed  system.  Where  reduction  of  noise  is  im- 
portant. It  is  recommended  that  balancing  dampers  be  placed  in  the  duct 

ahead  of  the  acoustic  duct  lining. 

Similar  unequal  face  velocities,  aggravated  by  a  deflection  of  the  air 
stream,  are  obtained  with  the  arrangement  shown  in  Fig.  9.  The  latter 
may  be  corrected  by  inserting  a  turning  member  in  the  elbow  back  of  the 
outlet  face  as  shown  in  Fig.  10.  The  importance  of  straightening  the  air 
stream  and  effecting  uniform  distribution  over  the  entire  face  of  the 
supply  opening  cannot  be  over-emphasized. 

DISTRIBUTION  FACTORS  IN  ROOM  HEATING 

The  problem  in  the  case  of  a  heating  installation  is  substantially  the 
same  as  In  cooling,  with  a  few  exceptions.  Because  the  temperature  of 
the  incoming  air  is  above  that  of  the  room,  there  is  no  tendency  for  it  to 
drop  and  consequently  the  throw  is  not  particularly  affected  by  tern- 


FIG.  8.     EFFECTS  OF 
EXPANDING  DUCT 


FIG.  9.    UNEQUAL  FACE 
VELOCITIES 


FIG.  10.     EFFECT  OF 
TURNING  MEMBER 


perature  difference  In  a  low  ceiling  room.  In  general,  the  air  should  be 
deflected  downward  where  the  grille  is  above  the  occupancy  zone,  and  this 
Is  particularly  desirable  where  the  ceiling  is  high.  For  the  same  reason, 
that  is,  to  keep  the  heat  In  the  occupancy  zone  and  to  avoid  excessive 
temperature  at  the  ceiling,  It  is  desirable  to  have  the  grille  comparatively 
low  on  the  wall,  and  just  slightly  above  the  occupancy  zone.  If  the  grille 
Is  lower  than  this,  It  may  create  an  unsatisfactory  condition  of  very  warm 
air  at  quite  high  velocities  where  it  can  possibly  strike  the  occupants  of 
the  room.  Where  the  velocities  are  very  low,  the  grilles  may  even  be 
satisfactorily  located  below  the  6~f t  level,  although  the  immediate  vicinity 
of  the  supply  openings  will  probably  be  useless  for  occupancy  because 
of  high  temperature.  Essentially,  the  problem  is  to  keep  the  incoming  air 
up  for  cooling,  and  down  for  heating,  until  It  Is  thoroughly  mixed  with  the 
room  air.  Grilles  and  registers  which  are  adjustable  for  deflection  upward 
and  downward,  either  by  moving  the  fins  or  Inverting  the  grille,  are  in 
general  use. 

AIR  SUPPLY  OPENING  NOISES 

When  air  is  Introduced  Into  a  room  through  a  grille  or  register  at  a 

constant  velocity,  sound  energy  Is  being  Introduced  into  the  enclosure  at 
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a  constant  rate2.  Due  to  partial  reflection  at  the  boundaries  of  the  en- 
closure, the  intensity  of  sound  at  any  point  in  the  space  builds  up  to  some 
maximum  value.  In  a  large  room  at  a  point  remote  from  the  source  of 
sound  (the  supply  opening)  the  intensity  can  be  shown  to  be  substantially 
proportional  to  the  rate  at  which  sound  energy  is  generated  and  inversely 
proportional  to  the  number  of  sound  absorption  units  (sabins)  in  the 
room.  It  would  thus  appear  that  doubling  the  sound  absorption  of  the 
room  would  halve  the  intensity  and  result  in  a  noise  level  decrease  of  3  db. 
However,  it  is  not  satisfactory  to  consider  the  grille  noise  on  this  basis 
(wherein  the  sound  power  received  directly  from  the  source  is  small 
compared  with  that  received  by  reflection)  since  in  practice  the  occupants 
of  the  room  may  be  quite  close  to  the  grille.  The  nearer  the  listener  is  to 
the  sound  source,  the  greater  the  proportion  of  the  sound  intensity  which 
is  due  to  direct  transmission. 

In  the  absence  of  generally  accepted  standards  at  this  time  it  is  sug- 
gested that  the  loudness  level  5  ft  from  the  lower  edge  of  the  supply 
opening,  measured  downward  at  45  deg  in  a  plane  perpendicular  to  the 
supply  opening  at  its  center,  represents  about  the  maximum  within  the 
zone  of  occupancy.  The  cases  where  persons  are  nearer  to  the  supply 
opening  than  this  are  rare  and  are  ignored  in  the  consideration  of  this 
problem.  Although  the  effect  of  sound  absorbent  material  on  the  in- 
tensity at  the  5-ft  station  is  not  nearly  so  great  as  at  more  remote  points 
in  the  room,  it  should  not  be  ignored  without  consideration  of  the  error 
involved.  An  average  living  room  may  contain  100  sabins  (absorption 
units).  If  this  be  decreased  to  50  sabins,  the  diffuse  or  reflected  sound 
level  would  be  increased  3  db.  However,  at  the  5-ft  station  the  increase 
would  be  less  than  2  db.  If  the  absorption  of  the  room  be  increased  to 
200  sabins,  one  might  expect  a  reduction  in  diffuse  noise  of  3  db ;  but  at  the 
5-ft  station  the  reduction  would  be  less  than  1 J^  db.  Furthermore,  even 
though  the  absorption  be  increased  without  limit  (as  in  free  space)  the 
reduction  would  still  be  less  than  2  db  because  of  proximity  to  the  source. 

In  comparing  sound  ratings  of  various  grilles,  the  following  must  be 
known  if  the  information  is  to  be  intelligently  applied: 

1.  The  threshold  intensity  on  which  the  decibel  ratings  are  based. 

2.  The  distance  from  the  grille  at  which  data  were  taken. 

3.  If  stated  as  loudness  level  versus  velocity  for  a  given  grille,  the  core  area  (not 
nominal  area)  must  be  known. 

4.  The  sound  absorbing  characteristics  of  the  test  room. 

5.  Whether  or  not  corrected  for  test  room  loudness  level;  if  not,  the  room  level 
(without  grille  noise)  must  be  known. 

6.  Methods  used  for  recording  data.    (Characteristics  of  sound  meter). 

Data  mentioned  in  this  chapter  are  based  on  these  assumptions: 

1.  Threshold  intensity  =  10-16  watts  per  square  centimeter3. 

2.  Microphone  location  5  ft  from  lower  edge  of  supply  opening  on  a  line  downward  at 
45  deg  and  in  a  pkne  bisecting  the  supply  opening  perpendicularly. 

3.  Where  data  are  given  as  loudness  level  versus  velocity,  the  rating  is  per  square  foot 

of  core  area. 

4.  The  room  is  assumed  to  have  100  sabsns  absorption. 


*The  Noise  Chamcleristica  of  Air  Supply  Outlets,  by  D.  J.  Stewart  and  G.  F.  Ehafee  (A&H.V.B. 

TRANSACTIONS.  Vol.  43,  1937,  p.  SI). 

*A»«icmn  Tentative  Standanls  for  Noise  Measurement,  American  Standards  Assocwf&tm. 
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5,  Plotted  data  arc  fondness  levels  of  supply  openings  only,  correction  having  been 
for  test  room  level, 

6.  Data  taken  with  a  direct  reading  sound-level  meter  with  frequency  weighing 

network  intended  to  approximate  the  response  of  the  human  ear. 

If  the  published  ratings  are  in  terms  of  decibels  per  square  foot,  cor- 
rection must  be  made  for  area  to  secure  the  total  sound  level  of  supply 

openings  of  more  or  less  than  one  square  foot  area  from  Formula  1. 

Decibel  Addition  =  10  logie^  (1) 

A  «•  core  mrcm,  square  feet. 

In  practice  the  allowable  total  sound  and  the  required  air  flow  are 
usually  known,  and  It  is  desired  to  determine  the  maximum  allowable 
velocity.  Since  total  loudness  and  air  flow  are  both  functions  of  velocity 
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and  area,  the  solution  of  the  problem  by  use  of  the  previous  analysis 
imples  a  trial  and  error  method.  It  has  been  found  possible  to  present 
data  with  sufficient  practical  accuracy  as  a  family  of  uniform  curves 
as  Illustrated  In  Fig.  11.  With  this  chart  it  is  possible  to  find  directly  the 
velocity  in  feet  per  minute  which  will  give  a  predetermined  total  loudness 
at  a  predetermined  rate  of  flow  expressed  in  cubic  feet  per  minute.  The 
are  arbitrarily  chosen  for  the  purpose  of  discussion  and  do  not 
necessarily  represent  data  referring  to  any  particular  design  of  air  supply 
opening*  It  is  assumed  that  Fig.  11  is  based  on  a  room  having  100  sabins 
tiff  absorption.  In  such  a  room  the  sound  level  due  to  other  sources 

3TZ«r^W  db*  ^  P'wtoudy  stated  a  supply  opening  having  a  noise  level 
erf  35  db  be  substantially  inaudible  in  such  a  room. 

If  dm  ane  required  with  a  total  noise  due  to  supply  opening  of 

35  db,  a  vdpcity  (Fig,  11)  of  about  725  fpm  may  be  used;  From  this 
vjetoaty  ««  the  rate  of  flow,  the  axe  area  can  be  computed.  This 
aetmninatKxi  was  on  the  baas  of  a  room  absorption  of  100  sabins.  If 
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the  absorption  is  greater,  the  725  fpm  velocity  is  safe,  since  the  loudness 

level  will  go  down.  However,  correction  can  be  made  if  desired  by  the 
use  of  the  chart  of  Fig.  12.  Thus,  if  the  absorption  is  200  sabins,  a  cor- 
rection of  +1-3  db  may  be  made  and  the  permissible  velocity  becomes 
that  corresponding  to  a  total  loudness  level  of  36.3  db  or  approximately 
800  fpm.  If  the  room  is  highly  reflecting  and  has  an  absorption  of  less 
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FIG.  12.    ROOM  ABSORPTION  CORRECTION  CHART 

than  100,  correction  is  much  more  important.  For  instance,  for  35  sabins 
a  correction  of  —  3  db  must  be  made  and  the  maximum  velocity  corre- 
sponding to  32  db  total  loudness  chosen  is  approximately  600  fpm. 

Where  more  than  one  supply  opening  must  be  considered,  the  problem 
is  more  complicated.  If  a  similar  supply  opening  is  added  in  a  far  corner 
of  a  highly  absorbent  room,  the  change  in  noise  level  at  the  5-ft  station  at 
the  first  supply  opening  is  small;  however,  if  the  room  is  small,  or  highly 

667 


HEATING    VENTIiATltC    AIR  CONDITIONING    GUIDE  1941 

reverberant  or  both,  the  intensity  at  the  5-ft  station  may  be  almost 

doubled  and  the  noise  level  increased  nearly  3  db  thereby.  The  simplest 
method  of  handling  this  problem,  and  one  which  errs  in  the  direction  of 
safety,  is  to  treat  the  room  as  though  all  the  air  were  being  supplied  by 
one  supply  opening.  Thus,  if  two  outlets,  each  supplying  1000  cfm  are 
used,  the  value  2000  cfm  should  be  used  with  Fig,  13.  Although  this 
method  snay  place  an  unwarranted  limit  on  velocity  when  used  in  a  large 
room,  it  is  seldom  that  such  a  room  has  a  noise  level  low  enough  to  justify 
a  more  complicated  though  more  exact  procedure. 

In  general,  return  grilles  are  selected  for  velocities  about  half  the  supply 
velocity,  and  when  this  is  done,  they  may  be  neglected  in  sound  computa- 
tions. However,  if  supply  and  return  grilles  are  the  same  size,  resulting  in 
the  same  face  velocity,  they  must  be  treated  as  two  supply  openings. 
That  is,  if  1000  cfm  are  supplied  and  exhausted  through  grilles  of  the  same 
area,  2000  cfm  must  be  used  In  the  solution  with  Fig.  11. 

SELECTION  OF  SUPPLY  OPENINGS 

After  the  heating  and  coaling  load  calculations  have  been  made 
(Chapters  5  and  6),  and  a  suitable  supply  air  temperature  selected,  the 
volume  of  air  required  for  each  space  can  be  determined.  The  next  step  is 
to  determine  the  velocity  at  which  the  air  may  be  introduced  into  the 
space  quietly  and  without  creating  objectionable  drafts. 

Prtsent  day  grille  design  coupled  with  the  introduction  of  effective 
acoustical  treatment  for  minimizing  fan  and  duct  noises  have  made  grille 
face  velocities  in  excess  of  1500  fprn  feasible,  and  600  to  1200  fpm  is 
now  common  practice.  This  range  of  velocities  is  approximately  three 
times  higher  than  common  practice  values  of  a  few  years  ago. 

Since  high  velocities  make  for  smaller  ducts  and  supply  openings,  and 
therefore  savings  in  space  as  well  as  greater  flexibility  in  locating  the 
duct  work  to  the  best  advantage,  selection  of  design  velocities  is  a  very 
important  step.     The  selection  of  proper  velocity  requires  that  the  de- 
signer have  reliable  data  applicable  to  the  particular  make  of  supply 
opening  proposed  for  usage.    Even  under  these  circumstances,  the  prob-  . 
lent  is  one  of  cut  and  try  because  permissible  velocity  may  be  limited  by  ' 
either  noise  0r  throw. 

A  method  for  selecting  supply  openings  is  outlined  below  in  the  form 
of  a  sample  cooling  problem,  using  numerical  values  which  have  no 

reference  to  any  particular  make  of  supply  opening. 

1.  Th*  tarf  cakailatioiiB  tare  been  made;  a  suitable  temperature  differential  has  been 

fit  *  to  be  wnlcrrtood  that  the  data  referred  to  from  this  point  on  are  based  on 
irs?  i7!E!?tW1?  dtf"0* »!)« anf  the  volume  of  air  required  determined.  Assume  that 
**.  Ijjfj  a  small  feoeral  office  having  a  noise  level  of  40  db  and  that  2400  dm 

be  supplied  for  proper  conditioning. 

tJ^J^J^t^-^^0*  the  SUpply  °P€ning  w  openings,  having  in  mind 
WWJJ 'to  effect  proper  distribution.    In  this  particular  case,  two 
openings  tarac  a  wide  spread  appears  to  be  a  logical  choiceT^ 

mtLf^^ST  ^K^^^^^*/  ?hich  coraponds  to  2400  cfm  and  a  noise 

openings 
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rpf  grille  selected  may  be  used  at  velocities  up  to  725  fpm  without  exceeding  35  db; 
is,  5  db  below  the  noise  level  of  office. 

4.  Having  determined  the  velocity,  the  core  area  becomes  fixed  at  3.31  sq  ft  or  397 
sq  in.  per  supply  opening.    In  this  problem,  the  two  grilles  in  question  are  so  close 
together  that  consideration  of  their  combined  area  In  determining  the   permissible 
velocity  from  the  standpoint  of  noise  introduces  little  error. 

5.  The  type  grille  selected  has  thus  far  been  found  satisfactory  from  a  noise  stand- 
point, provided  the  face  velocity  does  not  exceed  725  fpm.    The  next  consideration  is 
throw,  which  may  be  assumed  to  be  16  ft,  and  by  reference  to  a  manufacturer's  catalogue 
the  proper  correlative  test  data  may  be  checked  with  the  throw  assumed.    It  is  of  purse 
evident  that  one  or  more  types  of  grilles  may  satisfy  the  requirements,  and  that  in  any 
one  type  there  will  be  a^choice  of  supply  opening  proportions.    It  will  also  be  evident 
that  the  tentative  selection  of  a  supply  opening  having  a  wide  spread  may  be  unsatis- 
factory from  the  standpoint  of  throw,  in  which  event  a  second  choice  should  be  made  and 
the  procedure  repeated. 


FIG.  13.    PLAN  VIEW  TYPICAL  GENERAL  OFFICE 


In  the  case  of  a  heating  problem,  the  method  of  solution  is  the  same, 
but  the  manufacturer's  data  should,  of  course,  be  based  on  tests  with  air 
above  room  temperature.  However,  if  data  based  on  chilled  air  are  used 
for  a  heating  problem  the  grille  selection  will  err  on  the  side  of  safety. 

TYPES  OF  SUPPLY  OPENINGS 

Grille,  register  or  supply  opening  design  for  attaining  uniform  distri- 
bution and  minimum  air  resistance  consists  of  various  fixed  and  adjustable 
arrangements.  Some  types  are  designed  with  directing  air  blades,  fins, 
bars,  louvers,  or  thin  metal  strips  shaped  into  a  series  of  grooves  or  tubes, 
all  of  which  may  be  set  into  a  suitable  roundf  square  or  rectangular  frame. 
In  order  to  attain  desired  long  or  short  air  throws,  the  emergence  of  air 
from  the  supply  opening  may  be  directed  to  straight,  deflecting,  con- 
verging or  jet  air  streams  depending  upon  the  supply  opening  design. 
Designs  which  direct  the  air  stream  to  produce  an  ejector  effect  within 
the  enclosed  space  tend  to  mix  the  room  BIT  with  the  conditioned  air. 

There  are  several  types  of  centrally  located  ceiling  or  wall  type  supply 
openings.  One  of  these  consists  of  several  round,  hollow,  cone-shaped 
flaring  members  with  one  or  more  of  the  smaller  members  acting  as  ejectors 
and  injectors.  An  idea  for  producing  even  distribution  of  air  consists  of 
a  perforated  ceiling  made  of  a  suitable  architectural  surface  and  installed 
a  small  distance  below  the  normal  ceiling  level  of  the  room.  In  the  space 
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provided  by  this  suspended  ceiling  a  plenum  chamber  is  formed  into  which 
the  conditioned  air  is  introduced.  From  the  plenum  space  the  air  is  per- 
mitted to  diffuse  through  the  large  number  of  small  ceiling  openings  into 
the  room. 

BALANCING  SYSTEM 

In  designing  an  air  conditioning  system,  it  should  be  the  aim  of  the 
engineer  to  so  proportion  the  duct  system  that  proper  distribution  of  air  to 
every  supply  opening  will  be  obtained.  Since  this  is  almost  impossible  to 
accomplish  in  practice,  it  becomes  necessary  to  have  means  of  balancing 
the  system  to  secure  the  desired  amount  of  air  in  each  space.  There  are  a 
number  of  ways  in  which  this  may  be  accomplished,  some  of  which  are: 

1.  Dampers  on  the  supply  and  return  grilles. 

2.  Dampers  in  the  supply  and  return  ducts. 

3.  Reducing  the  effective  area  of  some  supply  openings  by  blank-offs. 

4.  Combinations  of  dampers  in  both  supply  and  return  air. 

Dampers  on  the  supply  grilles  themselves  are  objectionable  because  of 
their  effect  on  the  air  stream.  Dampers  on  the  return  grilles  are  frequently 
helpful  in  building  up  a  static  pressure  in  the  room  to  prevent  infiltration 
of  outside  air,  and  at  the  same  time  reduce  the  volume  of  incoming  air, 
However,  it  is  frequently  impossible  to  sufficiently  reduce  the  incoming 
air  by  this  method  alone.  A  damper  in  the  supply  duct  some  distance 
back  of  the  supply  opening  forms  a  very  satisfactory  means  of  regulating 
the  flow  without  disturbing  distribution  across  the  supply  opening  face. 
A  damper  in  the  return  air  duct  has  the  advantage  over  one  immediately 
behind  the  grille  in  that  it  does  not  tend  to  create  high  localized  velocities 
through  the  grille  as  the  latter  might  do  if  nearly  closed.  Blank-offs 
consisting  of  pieces  of  sheet  metal  covering  a  portion  of  the  supply  opening 
face  can  frequently  be  used  satisfactorily,  although  determination  of  just 
what  is  required  is  a  matter  of  experiment,  and  the  balancing  of  the 
system  is  not  nearly  so  conveniently  accomplished  as  with  dampers. 
Dampers  in  both  supply  and  return  air  form  the  most  flexible  means  of 
controlling  the  supply  to  the  room  and  the  static  pressure  within  the 
room.  When  feasible,  these  dampers,  particularly  those  in  the  supply 
ducts,  should  be  a  substantial  distance  from  the  supply  opening,  and 
ahead  of  the  acoustic  duct  lining  if  used.  Due  consideration  should  also 
be  given  to  the  use  of  the  several  volume  control  and  uniform  distribution 
devices  now  available.  See  Catalog  Data  Section. 
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resistance  of  an  air  handling  system  can  be  computed  from  the 
JL  methods  and  data  given  in  this  chapter.  The  actual  resistance  for 
any  given  installation,  however,  may  vary  considerably  from  the  calcu- 
lated resistance  because  of  variation  in  the  smoothness  of  materials,  the 
type  of  joints  used  and  the  ability  of  the  mechanics  to  fabricate  in  accor- 
dance with  the  design.  It  is  best  to  select  fans  and  motors  of  sufficient 
size  to  allow  a  factor  of  safety.  Volume  dampers  should  be  installed  in 
each  branch  outlet  to  balance  the  system.  It  is  improbable  that  the 
required  quantities  of  air  will  be  delivered  at  each  outlet  without  adjust- 
ment of  the  dampers,  which  usually  results  in  a  total  pressure  exceeding 
that  of  the  design,  unless  a  liberal  factor  of  safety  is  allowed. 

The  flow  of  air  due  to  large  pressure  differences  is  most  accurately 
stated  by  thermodynamic  formulae  for  air  discharge  under  conditions 
of  adiabatic  flow,  but  such  formulae  are  complicated,  and  the  error 
occasioned  by  the  assumption  that  the  gas  density  remains  constant 
throughout  the  flow  may  be  considered  negligible  when  only  such  pressure 
differences  are  involved  as  occur  in  ordinary  heating  and  ventilating 
practice. 

In  the  development  of  the  formulae,  diagrams,  and  tables  for  the  flow 
of  air,  use  is  made  of  the  following  basic  equation  for  the  flow  of  fluids: 

If  HY  be  the  velocity  head  in  feet  of  a  fluid,  and  the  velocity,  F,  be  expressed  in  feet 
per  minute,  the  fundamental  equation  is 


V  =  60 

The  factor  g  is  the  acceleration  due  to  gravity,  or  32.16  ft  per  second  per  second. 

It  is  usual  to  express  the  head  in  inches  of  water  for  ventilating  work  and,  since  the 
heads  are  inversely  proportional  to  the  densities  of  the  fluids, 

HY          62.4 


12 

JTV  =  5.2  Jk 

& 
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therefore, 


1096.5 


(1) 


where 

V  =  velocity,  feet  per  minute. 
AV  —  velocity  head  or  pressure,  inches  of  water. 
d  =  weight  of  air,  pounds  per  cubic  foot. 

For  dry  air  (70  F  and  29.921  in.  Eg  barometer)  d  =  0.07492  Ib  per  cubic  foot1.    Sub- 
stituting this  value  in  Equation  1: 


V  =  1096.5 


0.07492 


4005 


V" 


(2) 


The  relation  of  air  velocity  and  velocity  head  expressed  in  Equation  2  is  shown 
diagrammatically  in  Fig.  1  for  air  at  70  F  and  29.92  in.  Hg  barometer. 
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FIG.  1.    RELATION  BETWEEN  VELOCITY  AND  VELOCITY  HEAD  FOR  DRY  AIR 
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The  drop  in  pressure  in  air  distributing  systems  is  due  to  the  dynamic 
losses  and  the  friction  losses.  The  friction  losses  for  turbulent  flow  (which 
occur  in  all  practical  air  flow  problems)  are  due  to  the  friction  of  air 
against  the  sides  of  the  duct  and  to  internal  friction  between  air  molecules. 
The  dynamic  losses  are  those  due  to  the  change  in  the  direction  or  in  the 
velocity  of  air  flow. 

Dynamic  losses  occur  principally  at  the  entrance  to  the  piping,  in  the 
elbows,  and  wherever  a  change  in  velocity  occurs.  The  entrance  loss  is 
the  difference  between  the  actual  pressure  required  to  produce  flow  and 
the  pressure  corresponding  to  the  flow  produced;  it  may  vary  from  0.1  to 
0.5  times  the  velocity  head.  The  pressure  loss  in  elbows  must  also  be 
allowed  for  in  the  design. 

FRICTION  LOSSES 

Theoretically  friction  losses  vary  directly  as  the  length  of  the  duct, 
directly  as  the  square  of  the  velocity,  and  inversely  as  the  diameter^. 


1Sec  Chapter  46  for  definition  of  standard  air. 
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Since  length  is  a  fixed  quantity  for  any  system,  the  factors  subject  to 
modification  are  the  area  and  the  velocity,  which  determine  the  relation 
between  the  first  cost  of  the  duct  system  and  the  cost  of  the  power  for 
overcoming  friction. 

The  friction  between  the  moving  air  and  pipe  surface  and  internal 
friction  between  air  molecules  causes  a  loss  of  head  which  is  numerically 
equal  to  the  pressure  required  to  maintain  a  given  velocity,  and  is  ex- 
pressed in  the  following  modification  of  Fanning's  formula: 

For  round  pipe  and  dry  air  at  70  F  and  29.921  in,  Hg  barometer 

fa  -  fL  h  -  ±-  (  v  Y  (& 

*L-/5*v-   CD\.~W&)  W 

For  rectangular  ducts 

kl   -fL(±±±\k    -!fa+*V    V    V  (4} 

AL~-^    %ab   ;*v-    cVfcT/ \i005 /  W 

where 

hL  =  loss  of  head,  inches  of  water. 

/    V  \2 

^v  =  I  Am*  }    ~  velocity  head,  inches  of  water. 


V  —  velocity  of  air,  feet  per  minute. 

L  =  length  of  pipe  1 

D  =  diameter  of  pipe  I  all  in  feet. 

o,  b  —  sides  of  rectangular  duct     J 

/  =  coefficient  of  friction,  or  friction  factor. 

C  =-7-  =  length  of  pipe  in  diameters  for  one  head  loss. 

For  all  practical  purposes  C  varies  only  with  the  nature  of  the  pipe 
surface:  C  =  60  for  perfectly  smooth  pipe;  =  55  for  pipe  as  used  in 
planing  mill  exhaust  systems;  =  50  for  heating  and  ventilating  ducts; 
=  45  for  smooth  and  40  for  rough  conduits  of  tile,  brick  or  concrete, 
However,  Fritzsche  states  (and  numerous  tests  check  very  closely)  that 
/  varies  inversely  as  the  2/7  power  of  the  pipe  diameter,  and  inversely  as 
the  1/7  power  of  the  velocity,  or  inversely  as  the  1/7  power  of  capacity, 
which  is  the  same  thing.  Thus  Formula  3  may  be  revised  as  follows, 
based  upon  a  loss  of  one  velocity  head  (at  2000  fpm)  in  a  length  equal  to 
50  diameters  of  24  in.  galvanized  swedged  pipe: 


The  preceding  formulae  are  based  on  dry  air  at  70  F,  and  for  other 
conditions  the  friction  varies  directly  as  the  air  density  or  inversely 
(approximately)  as  the  absolute  temperature.  The  increase  of  friction 
due  to  increase  of  air  viscosity  with  increased  temperature  is  small  and 
is  generally  neglected. 

Friction  Loss  Chart 

A  convenient  chart  is  given  in  Fig.  2  for  determining  the  friction  loss 
for  various  air  quantities  in  ducts  of  different  sizes.  It  has  been  in  use 
for  several  years  and  has  incorporated  in  it  a  factor  of  safety  which  should 
be  adequate  for  any  installation  of  good  design.  The  general  form  of  this 

chart  is  familiar,  but  it  should  be  noted  that  it  is  corrected  for  changes  in 
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the  coefficient  of  friction  based  on  the  rule  that  the  coefficient  of  friction 

varies  Inversely  as  the  2/7  power  of  the  diameter,  and  Inversely  as  the 
1/7  power  of  the  velocity.  The  chart  in  Fig.  2  is  based  on  a  loss  of  one 
velocity  head  (at  a  velocity  of  2000  fpm)  In  a  length  equal  to  50  diameters 
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FIG.  3.    RECTANGULAR  EQUIVALENTS  OF  ROUND  DUCTS 
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of  24  In.  round  galvanized  Iron  duct  of  the  usual  construction.  Although 
this  chart  is  laid  out  for  a  value  of  C  equivalent  to  50,  it  may  be  used  for 
other  values  of  C  by  varying  the  friction  inversely  as  this  constant.  For 
example,  if  a  rougher  pipe  is  used  with  40  as  the  value  of  C,  the  friction 
loss  as  read  from  the  chart  should  be  multiplied  by  50  -r-  40. 
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Example  1.  Assume  that  it  is  desired  to  circulate  10,000  cfm  of  air  through  75  ft  of 
24  in.  diameter  pipe.  Find  10,000  cfm  on  the  right  scale  of  Fig.  2  and  move  horizontally 
left  to  the  diagonal  line  marked  24  in.  The  other  intersecting  diagonal  shows  that  the 
velocity  in  the  pipe  is  3200  fpm.  Directly  below  the  intersection  it  is  found  that  the 
friction  per  100  ft  is  0.59  in.;  then  for  75  ft  the  friction  will  be  0.75  X  0.59  =  0.44  in. 
In  a  like  manner  any  two  variables  may  be  determined  by  the  intersection  of  the  lines 
representing  the  other  two  variables. 

Circular  Equivalents  of  Rectangular  Ducts 

Where  rectangular  ducts  are  used  it  is  frequently  desirable  to  know  the 
equivalent  diameter  of  round  pipe  to  carry  the  same  capacity  and  have 
the  ^same  friction  per  foot  of  length.  Table  1  gives  directly  the  circular 
equivalents  of  rectangular  ducts  for  equal  friction  and  capacity,  which 
are  based  on  values  determined  from  Formula  6 : 


d  =  1.265 


where 
a 
b 
d 


(6) 


one  side  of  rectangular  pipe,  feet  or  inches. 

other  side  of  rectangular  pipe,  feet  or  inches. 

equivalent  diameter  of  round  pipe  for  equal  friction  per  foot  of  length  to  carry 

the  same  capacity,  feet  or  inches. 

Rectangular  equivalents  of  round  ducts  are  also  given  in  the  curves 
of  Fig.  3  which  are  plotted  from  data  based  on  Formula  6.  To  use  the 
chart,  locate  the  curve  giving  the  diameter  of  the  round  duct.  The  width 
and  height  of  an  equivalent  rectangular  duct  may  then  be  read  as  abscissa 
and  ordinate  of  any  point  of  the  curve. 

Since  the  friction  chart,  Fig.  2,  and  Table  1  were  prepared,  further 
research  on  duct  friction  under  the  direction  of  the  A.S.H.V.E,  Research 
Technical  Advisory  Committee  on  Air  Distribution  and  Air  Friction 
indicates  lower  pressure  loss  values  than  given  in  Fig.  2.  Included  in  the 
work  by  this  Committee  is  a  revision  of  Fig.  2  and  Table  1  to  bring  them 
into  conformity  with  recent  tests.  Pending  acceptance  by  the  Society 
of  the  Committee's  report,  the  friction  chart  and  the  table  on  circular 
equivalents  of  rectangular  ducts  for  equal  friction  presented  in  earlier 
editions  of  the  GUIDE  have  been  retained. 

Multiplying  or  dividing  the  length  of  each  side  of  a  pipe  by  a  constant 
is  the  same  as  multiplying  or  dividing  the  equivalent  round  size  by  the 
same  constant.  Thus,  if  the  circular  equivalent  of  an  80  x  24-in.  duct  is 
required,  it  will  be  twice  that  of  a  40  x  12-in.  duct,  or  2  X  23.3  =  46.6  in. 

TABLE  1.    CIRCULAR  EQUIVALENTS  OF  RECTANGULAR  DUCTS  FOR  EQUAL  FRICTION 
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Elbow  Friction  Losses 

It  is  customary  to  express  the  dynamic  and  friction  losses  In  elbows  as 
equal  to  a  number  of  diameters  of  round  pipe  or  a  number  of  widths  of 
rectangular  pipe.  The  curves  in  Fig.  4  are  arranged  to  read  the  number 
of  diameters  or  widths  for  determining  the  lineal  feet  of  pipe  having  a 
frictional  resistance  equivalent  to  the  pressure  drop  in  the  elbows. 
Curves  B  and  Care  based  on  tests  of  round  and  square  elbows1  of  ordinary 
good  sheet  metal  construction  having  a  surface  factor  of  C  =  50. 

Values  obtained  from  Curve  A  should  be  used  when  there  is  any  doubt 
as  to  quality  of  duct  construction.  It  is  suggested  that  this  curve  be  used 
for  rectangular  elbows  and  five  piece  elbows  as  it  mill  thus  allow  an 
additional  factor  of  safety  without  seriously  affecting  the  design. 

As  indicated  on  the  chart,  long  radius  elbows  will  offer  much  less 
resistance  to  the  flow  of  air  than  short  radius  elbows.  Experience  has 
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FIG.  4.    Loss  OF  PRESSURE  IN  ELBOWS 


shown  that  good  results  may  be  expected  when  the  radius  to  the  center 
of  the  elbow  is  1.5  times  the  pipe  diameter  or  duct  width  parallel  to  the 
radius.  Examination  of  the  curve  will  indicate  that  little  advantage  is  to 
be  gained  by  selecting  elbows  having  a  centerline  radius  of  more  than  two 
diameters3.  Elbows  having  a  radius  of  more  than  three  diameters  show  a 
slightly  increased  resistance  due  to  the  increased  length  of  pipe  but,  when 
used,  they  reduce  the  overall  resistance  of  the  system  and  therefore  should 
not  be  avoided. 

Where  space  conditions  necessitate  the  use  of  short  radius  or  square 
throat  elbows  in  rectangular  duct  work,  turning  vanes  should  be  used  to 
reduce  the  pressure  losses.  Rough  or  raw  edges  on  the  vanes  should  be 


*Loas  of  Pressure  Due  to  Elbows  in  the  Transmission  of  Air  Through  Pipes  or  Ducts,  by  F.  L.  Busey 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  10,  1013,  p.  368). 

^Pressure  Losses  in  Rectangular  Elbows,  by  R.  D.  Madison  ami  J.  R.  Parker  (Hmting,  Piping,  and  Aw 
t,  July.  p.  365.  August,  p.  427,  September,  p.  483',  1936). 
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avoided  to  prevent  objectionable  noise.  Three  typical  types  of  vanes 
are  shown  in  Fig.  5  which  gives  the  approximate  number  of  duct  widths 
recommended  to  be  used  in  estimating  the  resistance  of  each  type. 

The  pressure  loss  through  elbows  of  less  than  90  deg  may  be  assumed 
to  be  directly  proportional  to  the  ratio  of  the  angle  through  which  the 
turn  is  made.  The  resistance  will  vary  widely  for  the  large  degree  turns 
depending  upon  the  aspect  ratio  and  the  length  of  straight  pipe  between 
the  elbows,  but  for  practical  purposes,  it  may  be  assumed  that  the  ratio 
remains  proportional  to  the  angle  through  which  the  turn  is  made. 
Reverse  90  deg  elbow  turns  should  be  avoided  wherever  possible  but, 
where  used,  the  friction  of  the  elbows  indicated  in  Fig.  4  should  be 
doubled  for  the  second  elbow. 
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FIG.  5.    DESIGN  AND  CORRESPONDING  Loss  OF  PRESSURE  IN 
ELBOWS  WITH  TURNING  VANES 


PROPORTIONING  THE  LOSSES 

The  entrance  loss  through  the  outside  air  intake  louvers  will  vary  with 
the  design  of  the  louvers  and  method  of  connection  to  the  system.  The 
louvers  and  connecting  duct  will  have  a  friction  resistance  of  from  0.25  to 
1.00  times  the  velocity  pressure.  Therefore,  the  total  entrance  loss  will 
vary  from  1.25  Av  to  2.00  A^.  Common  practice  is  to  use  1.5  hv  for  a 
75  per  cent  free  area  louver  with  connecting  duct  having  15  deg  tapered 
sides.^  Wherever  air  passes  through  a  plenum  space  having  a  negligible 
velocity,  allowance  must  be  made  for  the  loss  in  velocity  head.  This  may 
be  taken  as  the  velocity  head  corresponding  to  the  difference  in  velocities 
in  the  plenum  and  the  duct.  Where  the  ducts  are  very  smooth  with  long 
transformation  fittings,  a  regain  in  static  pressure  is  sometimes  allowed, 
but  generally  ordinary  construction  does  not  warrant  a  consideration  of 
this  factor,  and  it  is  customary  to  neglect  it.  When  it  is  allowed,  the 
regain  is  estimated  at  one-half  the  difference  between  the  velocity  pres- 
sure at  the  fan  outlet  and  at  the  last  run  of  pipe. 

Other  losses  of  pressure  occur  through  the  heating  units,  at  the  air 
washer  and  at  air  filters.  In  ordinary  practice  in  ventilation  work  it  is 
usual  to  keep  the  sum  of  the  duct  losses  one- third  to  one-half  and  the  loss 
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through  the  other  units  at  less  than  one-half  of  the  static  pressure.  The 
remainder  is  then  available  for  producing  velocity.  In  the  design  of  an 
ideal  duct  system,  all  factors  should  be  taken  into  consideration  and  the 
»air  velocities  proportioned  so  that  the  resistance  will  be  practically  equal 
in  all  ducts  regardless  of  length. 

DUCT  SIZES 

Ducts  and  flues  for  gravity  circulation  must  be  sized  so  that  the  friction 
loss  will  not  exceed  50  per  cent  of  the  available  aspirating  effect  due  to  the 
temperature  and  height  of  the  column  of  heated  air.  Duct  systems  for 
mechanical  circulation  may  be  sized  so  as  to  have  much  higher  pressure 
losses  than  gravity  systems.  The  total  pressure  of  these  systems  is 
limited  to  the  available  pressure  from  the  fan  used. 

General  Rules 

The  general  rules  to  be  followed  in  the  design  of  a  duct  system  are 
enumerated  herewith : 

1.  The  air  should  be  conveyed  as  directly  as  possible  at  reasonable  velocities  to  obtain 
the  results  desired  with  greatest  economy  of  power,  material  and  space. 

2.  Sharp  elbows  and  bends  should  be  avoided  unless  turning  vanes  are  used. 

3.  Transformation  pieces  should  be  made  as  long  as  possible.    The  angle  between  the 
sides  and  axis  of  the  duct  should  never  exceed  30  deg  and  where  possible,  15  deg  should 
be  made  the  maximum. 

4.  Especial  care  should  be  taken  to  maintain  a  true  cross-section  and  not  to  restrict 
the  air  flow  either  in  transformation  pieces  or  in  elbows. 

5.  Rectangular  ducts  or  flues  should  be  made  as  nearly  square  as  possible.    Good 
practice  limits  the  ratio  between  the  long  side  and  the  short  side  to  3  to  1.    In  no  case 
should  this  ratio  exceed  10  to  1. 

6.  Wherever  possible,  ducts  should  be  constructed  of  smooth  material  such  as  sheet 
metal.     Where  masonry  ducts  are  used,  proper  allowance  for  the  surface  coefficient 
should  be  made. 

7.  The  use  of  furred  spaces,  spaces  between  joists,  etc.,  should  be  avoided  unless 
lined  with  sheet  metal. 

Procedure  for  Duct  Design 

The  general  procedure  for  designing  a  duct  system  is  outlined  in  the 
several  items  listed  herewith : 

1.  Study  the  plan  of  the  building  and  draw  in  roughly  the  most  convenient  system  of 
ducts,  taking  cognizance  of  the  building  construction,  avoiding  all  obstructions  in  steel 
work  and  equipment,  and  at  the  same  time  maintaining  a  simple  design. 

2.  Arrange  the  positions  of  duct  outlets  to  Insure  the  proper  distribution  of  air. 

3.  Divide  the  building  into  zones  and  proportion  the  volume  of  air  necessary  for  each 
zone. 

4.  Determine  the  size  of  each  outlet,  based  on  the  volume  as  obtained  in  the  preceding 
paragraph,  for  the  proper  outlet  velocity  and  throw. 

5.  Calculate  the  sizes  of  all  main  and  branch  ducts  by  either  of  the  following  two 
methods; 

a.  Vdoctey  He&od.   Arbitrarily  fix  the  velocity  in  the  various  sections,  reducing  the 
velocity  from  the  point  of  leaving  the  fan  to  the  point  of  discharge  to  the  room.    In 
this  case  the  pressure  loss  of  each  section  of  the  duct  is  calculated  separately  and 
the  total  loss  found  by  adding  together  the  losses  of  the  various  sections  of  the 
continuous  run. 

b.  Fncfi&n  Pressure  Loss  Method.    Proportion  the  duct  for  equal  friction  pressure 
loss  per  foot  of  length. 
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6.  Calculate  the  friction  for  the  duct  offering  the  greatest  resistance  to  the  flow  of 
air,  which  resistance  represents  the  static  pressure  which  must  be  maintained  in  the  fan 
outlet  or  in  the  plenum  space  to  insure  distribution  of  air  in  the  duct  system.  The  duct 
having  the  greatest  resistance  will  usually  be  that  having  the  longest  run,  although  not 
necessarily  so. 

Air  Velocities 

The  air  velocities  given  in  Table  2  have  been  found  to  give  satisfactory 
results  in  engineering  practice.  Where  the  higher  velocities  are  used,  the 
ducts  should  be  cross-braced  to  prevent  breathing,  buckling  or  vibration. 
High  velocities  at  one  point  in  the  system  offset  the  effect  of  proper 
design  in  all  other  parts  of  the  system;  hence  the  importance  of  air 
velocities,  elbow  design,  location  of  dampers,  fan  connections,  grille  and 
register  approach  connections,  and  similar  attention  to  details.  For 
industrial  buildings,  noise  is  seldom  given  much  consideration,  and  main 
duct  velocities  as  high  as  2800  or  3000  fpm  are  sometimes  used  but,  when 
these  velocities  are  used,  due  consideration  should  be  given  to  duct 
design,  resistance  pressure,  fan  efficiencies  and  motor  horsepower.  For 
department  stores  and  similar  buildings,  2000  to  2200  fpm  are  sometimes 
used  in  main  ducts  where  noise  is  not  objectionable  and  space  conditions 
warrant  it.  Wherever  velocities  higher  than  those  shown  in  Table  2  are 
used,  it  is  essential  that  the  ducts  should  be  of  heavier  gages,  have  addi- 
tional bracing  and  be  carefully  constructed  for  a  minimum  resistance. 

Where  the  high  velocity  diffusing  outlets  are  used,  the  duct  velocity 
should  not  be  less  than  the  throat  velocity  of  the  diffusers,  as  dynamic 
losses  occur  wherever  velocities  are  stepped  up  or  down.  One  recent 
trend  in  grille  design  is  toward  the  use  of  much  higher  grille  and  branch 
duct  velocities.  Some  installations  have  been  made  with  velocities  as 
high  as  1600  fpm  in  branches  and  through  the  net  area  of  grilles,  but 
many  of  these  have  proven  unsatisfactory  because  of  noise  and  drafts. 

TABLE  2.    RECOMMENDED  AND  MAXIMUM  DUCT  VELOCITIES 


DESIGNATION 

RECOMMENDED  VELOCITIES,  FPM 

MAXIMUM  VELOCITIES,  FPM 

Residences 

Schools, 
Theaters, 
Public 
Buildings 

Industrial 
Buildings 

Residences 

Schools, 
Theaters, 
Public 
Buildings 

Industrial 
Buildings 

Outside  Air 
Intakesa 
Filters* 
Heating  Coils* 

700 
250 
450 

800 
300 
500 

1000 
350 
600 

800 
300 
500 

900 
350 
600 

1200 
350 
700 

Air  Washers 
Suction 
Connections 
Fan  Outlets 

500 

700 
1000-1600 

500 

800 
1300-2000 

500 

1000 
1600-2400 

500 

900 
1700 

500 

1000 
1500-2200 

500 

1400 
1700-2800 

Main  Ducts 
Branch  Ducts 
Branch  Risers 

700-900 
600 
500 

1000-1300 
600-900 
600-700 

1200-1800 
800-1000 
800 

800-1000 
700 
650 

1100-1400 
800-1000 
800-900 

1300-2000 
1000-1200 
1000 

aTfaese  velocities  are  for  total  face  area,  not  the  net  free  area. 
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Grille  manufacturers  publish  selection  tables  which  size  the  grilles  for 
volume  of  air,  temperature  differential  and  distance  of  throw.  In  following 
these  tables,  maximums  should  be  avoided  and  the  manner  in  which  the 
duct  connects  to  the  grille  should  be  given  careful  consideration.  Most  of 
the  selection  tables  are  based  on  straight  approach  to  the  grille.  Elbow 
connections  to  supply  grilles  should  be  provided  with  turning  vanes  to 
equalize  the  face  velocity.  See  Chapter  30  for  a  discussion  of  grilles. 

Fan  outlet  velocities  are  discussed  In  Chapter  29  and  will  not  be  dealt 
with  here  except  to  indicate  that  fan  noises  should  be  given  proper 
consideration. 

Main  Trunk  Ducts 

Main  trunk  ducts  with  branches  are  commonly  used  to  convey  the  air 
from  the  fan  to  the  grille  or  register  outlets  in  preference  to  individual 
ducts  from  the  fan  to  these  outlets.  The  velocities  In  these  ducts  and 
branches  vary  according  to  the  nature  of  the  Installation  and  the  degree 
of  quietness  desired.  The  recommended  velocities  in  Table  2,  with  good 
construction,  should  give  satisfactory  results.  The  maximum  velocities 
indicated  should  not  be  used  except  in  areas  where  noise  Is  not  a  deciding 
factor. 

Velocity  Method 

The  velocity  method  of  designing  a  duct  system  Involves  arbitrarily 
selecting  velocities  at  various  sections  of  the  duct  system  with  the  highest 
velocities  generally  chosen  at  the  fan  and  progressive  lower  velocities 
toward  the  duct  openings  to  the  room.  To  find  the  total  static  pressure 
against  which  the  fan  must  operate,  the  static  pressure  loss  of  each  section 
must  be  calculated  separately  and  the  total  loss  found  by  adding  the  indi- 
vidual losses  of  the  various  sections  of  the  run  having  the  highest  resis- 
tance. Usually  this  is  the  longest  run  but  In  some  cases  a  shorter  run  may 
have  more  elbows,  transformations,  booster  heaters,  etc.,  which  will  cause 
it  to  have  a  higher  resistance  pressure.  This  method  requires  judgment 
and  experience  in  choosing  the  proper  velocities  to  approach  equal  friction 
for  all  lengths  of  run  but  many  engineers  believe  that  the  velocity  method 
Is  handier  to  use  than  other  methods  and  will  give  satisfactory  results  for 
most  practical  applications.  The  air  velocities  given  earlier  in  this 
chapter  are  helpful  in  choosing  proper  velocities.  Adjustable  dampers  or 
splitters  are  used  to  regulate  air  quantities  delivered. 

Equal  Friction  Method 

The  equal  friction  method  of  design  is  sometimes  preferred  because  It 
does  not  require  nearly  so  much  judgment  and  experience  in  selecting  the 
proper  velocities  In  the  various  sections  of  a  system.  The  usual  procedure 
in  this  method  of  design  Is  to  select  the  main  duct  velocity  to  be  con- 
sistent with  good  practice  from  a  standpoint  of  noise  for  a  particular  type 
of  building.  This  velocity  should  be  less  than  the  fan  outlet  velocity. 
All  main  ducts  and  branch  ducts  are  sized  for  equal  friction  by  the  use  of 
Fig.  2  and  Table  1  or  Fig.  3, 
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In  cases  where  the  fan  or  factory  assembled  air  conditioning  unit  has  a 
limited  external  resistance,  it  is  necessary  to  divide  the  available  resistance 
by  the  total  equivalent  length  of  the  longest  or  most  complicated  run  of 
duct  to  determine  the  resistance  per  100  ft  and  then  to  size  all  ducts  at 
this  resistance  value,  which  will  automatically  determine  the  duct  veloci- 
ties and  give  the  desired  total  duct  resistance.  A  further  refinement 
which  is  sometimes  used  in  large  systems  is  to  size  each  branch  duct  so 
that  it  has  a  resistance  equal  to  the  resistance  of  the  main  system  at  the 
point  of  juncture.  Even  when  this  refinement  is  added,  regulating 
dampers  are  recommended  in  each  branch. 


FIG.  6.    TYPICAL  LAYOUT  OF  AIR  DISTRIBUTION  SYSTEM 


After  the  duct  system  is  designed  the  factional  resistance  is  calculated 
and  tabulated  together  with  the  resistance  of  all  component  parts.  The 
fan  is  then  selected  for  the  required  volume  of  air,  static  pressure  and 
outlet  velocity. 

Example  £ .  Fig.  6  shows  a  typical  layout  of  an  air  distribution  system  which  is 
applicable  for  ventilation  of  hotel  dining  rooms  and  offices.  The  volume  of  air  in  cubic 
feet  per  minute  for  the  room  is  determined  on  the  basis  of  the  number  of  air  changes  per 
hour  required.  In  the  example  shown,  the  room  ventilated  is  a  hotel  dining  room  135  ft 
x  85  ft  x  15  ft.  A  7H-nrin  air  change  (8  air  changes  per  hour)  is  assumed  for  proper 
ventilation,  giving  22,935  cfm  as  the  air  required. 

The  free  area  of  the  fresh  air  inlet  is  based  on  a  velocity  of  1000  fpm  or  22,935  -5- 
1000  =  22.94  sq  ft.  If  the  air  washer  is  provided  with  automatic  humidity  control,  the 
tempering  coil  should  raise  the  temperature  of  the  entering  air  to  32  F.  The  washer  with 
its  automatic  control  will  then  raise  the  temperature  from  32  F  to  42  F.  If  the  washer  is 
not  provided  with  automatic  humidity  control,  the  tempering  coil  must  raise  the  tem- 
perature of  the  entering  air  to  at  least  55  F  to  allow  for  some  temperature  drop  in  the 
washer  due  to  evaporation.  The  reheating  coil  is  selected  to  raise  the  temperature  of  the 
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air  from  that  leaving  the  air  washer  to  70  F.  The  air  washer  should  have  a  maximum 
velocity  of  500  fpm  through  the  clear  area,  which,  in  this  case,  is  46  sq  ft.  For  more 
detailed  information  on  tempering  coil  and  air  washer  control,  see  Chapter  33. 

The  main  duct  velocity  selected  from  Table  2  is  1250  fpm  which  gives  a  fan  outlet  area 
of  22,935  -5-  1250  -  18,354  sq  ft  (60  x  44  in.).  From  Table  1  a  60  x  44  in.  duct  is  approxi- 
mately equivalent  to  56  in.  diameter. 

Referring  to  Fig.  2,  a  volume  of  22,935  cfm  through  a  56  in.  diameter  duct  gives  a 
velocity  of  1340  fpm  and  a  resistance  of  0.041  in.  per  100  ft.  The  amount  of  air  to  be 
handled  by  each  section  of  pipe  is  shown  in  Fig,  6,  and  by  locating  each  of  these  values 
on  the  0.041  in.  line,  the  round  pipe  sizes  are  obtained  and  thenr  referring  to  Table  1, 
the  equivalent  rectangular  sizes  are  selected  as  shown  in  Table  3. 

The  pressure  at  the  outlets  nearest  the  fan  will  be  greater  than  at  the  pipes  farther 
along  the  run  so  that  the  former  will  tend  to  deliver  more  than  the  calculated  amount  of 
air.  To  remedy  this  condition,  volume  regulating  dampers  should  be  located  at  the  base 
of  each  riser,  or  in  each  branch  duct,  and  adjusted  for  proper  distribution.  At  points 
where  branches  leave  thejnain  it  may  be  advisable,  depending  upon  the  nature  of  the 
installation,  to  install  adjustable  splitters  similar  to  that  shown  in  Fig.  0  where  the 
main  duct  divides  into  the  58  X  30  in,  and  50  X  30  in.  branches. 

TABLE  3.    PIPE  SIZES  FOR  EXAMPLE  2» 


VoLum  or  Am 
(en) 

DummtE  or  POT 
(tan) 

EcpjiYAimirr  §m  or  BJX> 

f  AJWITLLl  DW  (IlKn) 

22,935 

56 

60x44 

12,510 

45 

58x30 

10,425 

42 

50x30 

8,340 

39 

42x30 

6,255 

35 

42x24 

4,170 

29M 

30x24 

2,085 

23 

30x15 

^Velocity  through  grilles  (not  shown^  to  be  approximately  300  fpm. 

Resistance  Losses  for  the  System 

(1)  Fresh  air  intake,  1000  fpm  velocity  (1.5  heads  X  0.0625) „ 0.094  in. 

(2)  Filters  (from  manufacturer's  tables) 0.250  in. 

(3)  Tempering  coil  loss  (from  manufacturer's  tables) 0.074  in. 

(4)  Air  washer  loss  (from  manufacturer's  tables) 0.250  in. 

(5)  Reheating  coil  loss  (from  manufacturer's  tables) 0.083  in. 

(6)  Duct  resistance: 

The  longest  run  is 150  ft 

Two  58  x  30  in.  elbows  (150%  ratio)  ^L-1-^^? »  126  ft 

!Z 

Two  30  x  15  in.  elbows  (150%  ratio)  2  X  IS  X  ^ =    65  ft 

\£ 

Three  15  x  30  in.  elbows  (75%  ratio)  3  X  3f LX  l- -  131  ft 

iz 

Total  equivalent  run. 472  ft 

472  ft  at  0.041  in.  per  100  ft 0.194  in. 

(7)  Allowance  for  damper  adjustment,  25%  of  0.194 0.049  in. 

(8)  Supply  grille  resistance  (from  manufacturer's  tables) , 0.036  in. 

Total  static  pressure  loss  of  system 1.030  in. 

The  fan  is  selected  from  the  manufacturer's  ratings  to  deliver  22,935  cfm  at  a  static 

pressure  of  1.03  In.  and  an  outlet  velocity  exceeding  1250  fpm  as  outlined  in  Chapter  29. 
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Good 


Fair 
Fan  discharge  connections 


Poor 


Good 


Fair 
Heater,  fitter,  and  washer  connections 


Poor 


Small  Urge 

Easement  around 

obstructions 


Divertertype  Cinch  colter 

(preferred)  type 

Branch  takeoffs 
FIG.  7.   SHEET  METAL  DUCT  AND  ARRANGEMENT  DETAILS 
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TABLE  4.    RECOMMENDED  SHEET  METAL  GAGES  FOR  DUCTS* 


ROUND 

RjRCTANCULAR  DUCTS 

U.  S.  STD. 
GAGE 

DUCTS 

DlAMETKK, 

INCHES 

Maximum 

Side, 
Inches 

Type  of  Joint  Connections 

Bracing 

26 

Up  to  18 

Up  to  12 

S  or  Drive  Slips 

None 

24 

19  to  30 

13  to  24 

5  or  Drive  Slips 

None 

24 

25  to  30 

S  or  Drive  Slips 

I  in.  Angle 
4  ft  from  Slips 

22 

31  to  45 

31  to  48 

Bar  or  Drive  Slips 

IJi  in.  Angle 
4  ft  on  Centers 

20 

46  to  60 

49  to  60 

1  J£  in.  Angle  Bar  Sips  or 
1  J4'  in.  Angle  Connections 

1M  in-  Angle 
2  ft  8  in.  on  Centers 

18 

61  and  up 

61  to  90 

l}'i  in.  Angle  Connections 

1  }^  in.  Angle 
2  ft  8  in.  on  Centers 

18 

91  and  up 

2  in.  Angle  Connections 

2  in.  Angle 
2  ft  8  in.  oo  Centers 

a  If  fiat  sides  are  not  cross-broken  two  gages  heavier  material  should  be  used. 


TABLE  5.    WEIGHTS  OF  SHEET  METAL  USED  FOR  D0cr  CONSTRUCTION 

BLACK  SHEETS 

GALVANIZED  SHEETS** 

U.S. 
STD. 
GAGE 

Approximate 
Thickness,  In. 

Weight  Pter 
Square  Foot          : 

AppradiBate 
Tbickm  In. 

Weight  Per 

Square  Foot 

Steel 

Iron 

Ounces 

Ptotmds 

Sted 

Iron 

Ounces 

Pounds 

30 

0.0123 

0.0125 

8 

0.500 

0.0163 

0.0165 

10.5 

0.656 

28 

0.0153 

0.0156 

10 

0.625 

0.0193 

0.0196 

12.5 

0.781 

26 

0.0184 

0.0188 

12 

0.750 

0.0224 

0.0228 

14.5 

0.906 

24 

0.0245 

0.0250 

16 

1.000 

0.0285 

0.0290 

18.5 

1.156 

22 

0.0306 

0.0313 

20 

1.250 

0.0346 

0.0353 

22.5 

1.406 

20 

0.0368 

0.0375 

24 

1.500 

0.0408 

0.0415 

26.5 

1.656 

18 

0.0490 

0.0500 

32 

2.000 

0.0530 

0.0540 

34.5 

2.156 

16 

0.0613 

0.0625 

40 

2.500 

0.0653 

0.0665 

42.5 

2.656 

14 

0.0766 

0.0781 

50 

3.125 

0.0606 

0.0821 

52.5 

3.281 

12 

0.1072 

0.1094 

70 

4.375 

0.1112 

0.1134 

72.5 

4.531 

11 

0.1225 

0.1250 

80 

5.000 

0.1265 

0.1290 

82.5 

5.156 

10 

0.1379 

0.1406 

90 

5.625 

0.1419 

0.1446 

92.5 

5.781 

^Galvanized  sheets  are  gaged  before  galvasiMng  and  are  therefore  approximately  O.OCM  ta.  thicker. 

TABLE  6. 


WEIGHTS  AND  THICKNESSES  OF  STANDARD  COPPER  SHEETS^ 
Rolled  to 


WEIGHT  PER  SQUARE  FOOT 

TMICESES&,  INCHES 

NKARBST  GAGE  No. 

OoBces 

Pounds 

Decimal 
Equivalent     ; 

Nearest 
Fraction       i 

B.  &s. 

Stubs 

U.  S.  STD. 

10 

0.625 

0.0135 

H4 

27 

29 

29 

12 

0.750 

0.0162 

H* 

26 

27 

28 

14 

0.875 

0.0189      ! 

M4 

25 

26 

26 

16 

1.000 

0.0216 

Ma 

23 

24 

25 

18 

1.125 

0.0243 

732 

22 

23 

24 

20 

1.250 

0.0270 

21 

22 

23 

24 

1.500 

0.0324 

732 

20 

21 

22 

28 

1.750 

0.0378 

Ms 

19 

20 

20 

32 

2.000 

0.0432 

5N>4 

17 

19 

19 

36 

2.250 

0.0486 

M4 

16 

18 

18 

40 

2.500 

0.0540 

H4 

15 

17 

17 

44 

2.750 

0.0594 

7*1  S 

15 

17 

17 

48 

3.000 

0.0648 

7"16 

14 

16 

16 

56 

3.500 

0.0756 

13 

15 

14 

64 

4.000 

0.0864 

ft 

11 

14 

13 

«Varktw«  from  tbcse  weights  must  be  acpccted  in  pcactke. 
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Example  8.  If  the  rooms  and  offices  of  the  hotel  building  of  Example  2  are  to  be 
served  from  a  manufactured  unit  with  a  capacity  of  22,935  cfm  against  an  external 
resistance  of  0.35  in.,  the  known  resistances  are  calculated  as: 

(1)  Fresh  air  inlet 0.094  in. 

(2)  Allowance  for  damper  adjustment 0.050  in. 

(3)  Supply  grille  resistance  (from  manufacturer's  tables) 0.036  in. 

Total  known  resistance.—. 0.180  in. 

Subtracting  this  from  the  total  available  resistance:  0.35  in.  —  0.18  in,  =  0.17  in, 
available  for  duct  resistance. 

Known  length  of  run.. 150  ft 

The  duct  width  Is  then  estimated  for  the  following  elbow  calculations: 

Four  150%  ratio  elbows,  4  x  13  x  3.5  ft 182  ft 

Three  75%  ratio  elbows,  3  x  35  x  1.5  ft— 158  ft 

Total  estimated  length 490  ft 

The  duct  friction  per  100  ft  is  then  0.17  -s-  4.90  -  0.0347  in.  and  the  mains  and 
branches  are  sized  from  the  0.034  in.  friction  line  in  Fig.  2. 

If  it  is  desired  to  size  each  branch  for  equal  resistance,  the  total  resistance  back  to  the 
point  of  juncture  is  calculated  and  the  branch  is  then  sized  in  a  manner  similar  to  that 
outlined  in  Example  3. 

SOUND  CONTROL 

Frequently  the  problem  of  sound  prevention  in  a  heating,  ventilating  or 
air  conditioning  system  imposes  more  severe  restrictions  than  the  pre- 
vention of  excessive  pressure  drop.  Tendencies  toward  higher  duct 
velocities  have  produced  noise  control  problems  which  require  con- 
sideration of  enumerable  factors  in  air  duct  design.  Naturally  some  types 
of  occupancy  and  application  permit  relatively  higher  sound  levels  to  be 
maintained  than  others,  but  the  design  trend  is  progressively  directed 
towards  noise  reduction  wherever  possible.  Sound  absorbent  materials 
have  been  successfully  applied  to  duct  construction  to  reduce  noise. 
The  basis  used  for  the  selection  of  the  proper  amounts  of  absorbent 
materials  will  be  found  in  Chapter  32. 

DUCT  CONSTRUCTION  DETAILS 

Straight  sections  of  round  duct  are  usually  formed  by  rolling  the  sheets 
to  the  proper  radius  and  grooving  the  longitudinal  seam.  Rectangular 
ducts  are  generally  constructed  by  breaking  the  corners  and  grooving  the 
longitudinal  seam,  although  some  fabricators  still  use  the  standing  seam 
due  to  lack  of  equipment.  Elbows  and  transformation  sections  are 
generally  formed  with  Pittsburgh  corner  seams  because  this  seam  is 
easier  to  lock  in  place  than  the  double  seam,  but  complicated  fittings  such 
as  double  compounded  elbows  are  usually  constructed  with  double  seam 
corners. 

The  construction  of  these  various  seams  as  well  as  the  types  of  girth 
connections  are  shown  in  Fig.  7.  The  application  of  the  various  slips  and 
connections  are  outlined  in  Table  4.  The  end  slip  may  be  used  wherever 
S  slips  are  recommended.  Where  drive  slips  are  used  the  end  slip  may  be 
applied  on  the  narrow  side  of  the  duct  and  only  the  drive  slips  on  the 
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maximum  side.    Ducts  25  to  30  in.  in  size  should  be  reinforced  between 

the  joints,  but  not  necessarily  at  the  joint.  Ducts  31  in.  and  up  should  be 
reinforced  at  the  joint  and  between  the  joints;  if  drive  slips  are  used  the 
angles  are  usually  riveted  to  the  duct  about  2  in.  from  the  slips.  It  is  good 
practice  to  cross-break  or  kink  all  flat  surfaces  to  prevent  vibration  or 
buckling  due  to  the  air  flow  and  accompanying  variations  in  internal 


FIG,  8.   AREA  AND  WEIGHT  OF  RECTANGULAR  SHEET  METAL  DUCTS 

pressure.  Round  ducts  are  sometimes  swedged  1.5  in.  from  the  ends  so 
that  the  larger  end  will  butt  against  the  swedge  and  are  held  in  place  with 
sheet  metal  screws.  Where  swedges  are  not  used  it  is  general  practice 
to  paste  the  joint  with  asbestos  paper  to  insure  a  tight  joint, 

The  construction  of  elbows  and  changes  of  shape  cannot  be  definitely 
outlined  because  of  the  varied  conditions  encountered  in  the  field,  but  in 
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general  long  radius  elbows  and  gradual  changes  in  shape  tend  to  maintain 
uniform  velocities  accompanied  by  decreased  turbulence,  lower  resistance 
and  a  minimum  of  noise. 

Heavy  canvas  connections  are  recommended  on  both  the  inlet  and 
outlet  to  all  fans.  The  fan  discharge  connections  shown  in  Fig.  7  are 
marked  good,  fair,  and  poor  in  the  order  of  the  amount  of  turbulence 
produced.  An  inspection  of  the  heater  connections  shown  in  Fig.  7  will 
readily  show  that  uniform  velocity  through  the  heater  cannot  be  expected 
in  the  diagram  noted  poor.  When  obstructions  cannot  be  avoided,  the 
duct  area  should  never  be  decreased  more  than  10  per  cent  and  then  a 
streamlined  collar  should  be  used.  Larger  obstructions  require  an  increase 
in  the  duct  size  in  order  to  maintain  as  nearly  uniform  velocity  as  possible. 
Branch  take-offs  should  always  be  arranged  to  cut  or  slice  into  the  air 
stream  in  order  to  reduce  as  far  as  possible  the  losses  in  velocity  head. 

The  recommended  gages  for  sheet  metal  duct  construction  are  given  in 
Table  4.  Weights  of  sheet  metal  per  square  foot  of  surface  for  different 
gages  are  given  in  Table  5.  The  weights  of  various  gages  and  the  areas 
for  any  length  of  run  of  rectangular  sheet  metal  ducts  may  also  be 
determined  from  Fig.  8.  The  bottom  scale  represents  the  sum  of  the  two 
sides  of  the  duct  and  the  oblique  lines  give  the  length  of  run  in  feet. 
Proceeding  horizontally  to  the  right  from  the  intersection  of  vertical  and 
oblique  lines  on  the  chart,  the  area  of  the  duct  may  be  determined  in  the 
first  vertical  scale.  The  scales  to  the  right  give  the  weights  of  the  duct 
run  for  different  gages  of  metal.  In  calculating  the  weights  of  duct,  it 
is  considered  good  practice  to  allow  20  per  cent  additional  for  weights  of 
joints  and  bracings.  Various  weights  and  thicknesses  of  standard  copper 
sheets  will  be  found  in  Table  6. 
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Chapter  32 

SOUND  CONTROL 

Decibel  Defined,  Apparatus  for  Memsuring  Noise,  Problem  of 
Sound  Control,  Acceptable  Noise  Levels*  Controlling  Vibration 
from  Machine  Mountings.,  Controlling  Noise  through  Room 
Wall  Surfaces,  Noise  Transmitted  Through  Ducts,  Duct  Lining 

Formula 

IN  ventilating  and  air  conditioning  a  building  or  a  room,  the  effect  of 
the  mechanical  system  employed  must  be  considered  on  the  acoustics 
of  the  space  conditioned.  It  is  important  to  consider  also  that  the  use  of 
air  conditioning  often  permits  keeping  the  windows  closed,  thus  giving 
relief  from  certain  external  noises,  but  at  the  same  time  increasing  the 
necessity  of  providing  adequate  sound  control. 

It  is  not  assumed  that  the  ventilating  and  air  conditioning  engineer 
will  attempt  to  improve  the  acoustics  of  the  space  that  is  being  con- 
ditioned, but  the  designer  should  have  at  least  enough  fundamental 
knowledge  of  the  acoustical  effects  of  the  system  which  is  being  designed 
to  be  sure  that  no  damaging  effects  occur  to  the  existing  acoustical 
properties.  It  is  assumed  that  in  a  given  space  the  architect  and  acoustical 
engineer  have  produced  a  room  or  rooms  which  are  satisfactory  for 
speech,  music,  or  other  uses.  The  ventilating  engineer's  sole  function  is 
to  ventilate  and  air  condition  these  rooms  properly  so  that  they  will  be 
physically  comfortable  without  adding  any  acoustical  hazards. 

UNIT  OF  NOISE  MEASUREMENT 

By  a  recently  adopted  international  standard,  two  terms  are  used  for 
noise  measurement.  The  decibel  (db)  is  the  physical  unit  for  expressing 
intensity  or  pressure  levels.  The  pkon  is  the  unit  of  loudness  level.  The 
loudness  level,  in  phons,  of  any  sound  is  by  definition  equal  to  the  in- 
tensity level  in  decibels  of  a  thousand  cycle  tone  which  sounds  equally  loud. 

The  decibel  is  defined  by  the  relation  N  —  10  logi§  jr,  where  N  is  the 

i© 

number  of  decibels  by  which  the  intensity  flux  Ii  exceeds  the  intensity 
flux  I0,  The  intensity  flux  is  the  measure  of  the  energy  contained  in  a 
sound  wave  and  is  defined  in  terms  of  micro- watts  per  square  centimeter 
of  wave  front  in  a  freely  traveling  plane  wave.  It  is  usually  more  con- 
venient to  select  an  arbitary  reference  intensity  for  J0  and  express  all 
other  intensities  in  terms  of  decibels  above  that  level.  For  this  purpose 
a  reference  intensity  of  10"M  watts  per  square  'Centimeter  has  been 
selected.  This  intensity  is  slightly  less  than  the  threshold  of  audibility 
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for  the  average  ear  at  a  frequency  of  1,000  cycles  per  second.  This 
reference  level  also  corresponds  to  a  pressure  of  0.0002  dynes  per  square 
centimeter. 

A  stated  sound  level  in  decibels,  unless  otherwise  defined,  will  thus  be 
related  to  a  threshold  of  10~16  watts.  For  example,  a  level  of  60  db  above 
this  reference  threshold  is  10~10  watts.  In  a  similar  manner,  when  sound 
measurements  are  given  in  actual  intensity  or  energy  units,  they  can  be 
converted  to  decibels  by  this  relation. 

Since  the  decibel  is  a  ratio,  it  can  only  be  employed  when  related  to  a 
reference  threshold  level  as  given.  Noise  levels,  which  vary  with  fre- 
quency as  well  as  intensity,  must  not  only  be  related  to  this  reference 
threshold  level,  but  also  to  a  reference  frequency,  which  is  taken  as  1000 
cycles.  These  terms  and  procedures  may  be  found  in  Tentative  Standards1 
published  by  the  American  Standards  Association. 

APPARATUS  FOR  MEASURING  NOISE 

Since  the  relative  loudness  to  the  ear,  rather  than  the  actual  physical 
intensity,  is  the  quantity  in  which  engineers  are  usually  interested,  it  has 
been  found  necessary  to  allow  for  the  varying  sensitivity  of  the  ear  at 
different  frequencies  in  designing  noise  measuring  equipment.  The  most 
satisfactory  method  of  measuring  noise  is  by  means  of  a  sound  level  meter 
which  usually  consists  of  a  microphone,  a  high  gain  audio-amplifier,  and  a 
rectifying  milliammeter  which  will  read  directly  in  decibels.  This  meter 
is  calibrated  to  give  readings  above  the  standard  reference  level  and 
usually  contains  a  weighing  network  to  make  it  less  sensitive  at  those 
frequencies  where  the  ear  is  less  sensitive.  For  complete  specifications 
relative  to  the  approved  type  of  sound  level  meters  refer  to  the  infor- 
mation2 published  by  the  American  Standards  Association. 

GENERAL  PROBLEM  OF  SOUND  CONTROL 

As  previously  stated,  the  function  of  the  ventilating  and  air  con- 
ditioning engineer  is  to  add  no  acoustical  hazard  to  the  conditions  already 
present  in  the  room  or  building  and  the  problem  can  be  stated  as: 

a.  To  determine  the  noise  level  existing  without  the  equipment. 
_  ft.  To  ascertain  the  noise  level  which  would  exist  if  the  equipment  were  installed 
without  sound  control. 

c.  To  provide  as  a  part  of  the  installation  sufficient  sound  control  appliances  to 
reduce  the  noise  level  substantially  to  that  found  in  (a). 

To  accomplish  this  the  engineer  should  have  information  of  three  kinds: 

1.  A  knowledge  of  the  noise  levels  currently  considered  acceptable  in  various  rooms 
in  order  that  he  may  have  a  basis  on  which  to  proceed. 

2.  A  knowledge  of  the  nature  and  intensity  of  the  noise  created  by  the  various  parts 
of  the  equipment. 

3.  Acknowledge  of  how,  when  necessary,  to  vary  and  control  the  noise  level  between 
the  equipment  and  the  conditioned  space. 

In  addition,  the  engineer  should  have  information  available  to  deal  with 


American  Tentative  Standards  for  Noise  Measurement,  American  Standards  Association. 

relMet 

592 


"American  Tentative  Standards  for  Sound  Level  Meters  for  Measurement  of  Noise  and  Other  Sounds, 

American  Standards  Association. 


CHAPTER  32.    SOUND  CONTROL 


noises  which  may  enter  the  room  due  to  openings  made  Into  it  to  accom- 
modate the  equipment,  such  as  cross  talk  between  rooms  connected  with 
common  ducts  and  noise  transmitted  to  portions  of  duct  system  outside 
the  conditioned  space  and  through  to  its  interior. 

While  the  general  problem  may  be  logically  outlined  and  the  items  of 

knowledge  necessary  to  its  solution  can  be  listed,  the  available  infor- 
mation at  present  is  lacking  in  certain  respects.  However,  attention  may 
be  directed  to  that  information  which  is  currently  available,  and  to 
furthermore  outline  a  solution  of  the  noise  problem  based  on  these  data. 

ACCEPTABLE  NOISE  LEVELS 

Measurements  of  noise  levels  have  been  observed  by  several  investi- 
gators in  various  rooms  and  locations.  The  information  compiled  in 
Table  1  is  based  on  these  data,  which  represent  the  best  opinion  oo  the 
subject  now  available.  All  levels  are  given  in  decibels  above  a  reference 
threshold  of  10~16  watts  (corresponding  to  a  pressure  of  0.0002 — dynes 
per  square  centimeter).  Minimum,  representative,  and  maximum  levels 

TABLE  1.   TYPICAL  NOISE  LEVELS 


ROOMS 


Mia. 

Rqpreee&taiiTe 

Uu. 

Sound  Film  Studios  .,.„.,,  -  

10 

14 

20 

Radio  Broadcasting  Studios 

10 

14 

20 

Planetarium  .„  ,  

Residence,  Apartments,  etc  ~_  

Theaters    Legitimate. 

15 
33 

25 

20 
40 
30 

25 

48 
35 

Theaters,  Motion  Picture  

30 

35 

40 

Auditoriums,  Concert  Halls,  etc  
Churches  _*.    . 

25 

25 

30 

30 

40 
35 

Executive  Offices,  Acoustically  Treated  Private  Offices 
Private  Offices,  Acoustically  Untreated  
General  Offices  -.    _  ,  

30 
35 

50 

38 
43 
60 

45 

50 
70 

Hospitals                                              ~ 

25 

40 

55 

Class  Rooms  

Libraries  Museums  Art  Galleries 

30 
30 

35 

40 

45 

45 

Public  Buildings,  Court  Houses,  Post  Offices,  etc  
Small  Stores.      „  

45 

40 

55 

50 

60 

60 

Upper  Floors  Department  Stores  „   . 

40 

m 

m 

Stores,  General,  Including  Main  Floor  Dept.  Stores.-,. 
Hotel  Dining  Rooms 

50 
40 

m      \ 

50 

m 

60 

Restaurants  and  Cafeterias  ., 
Banking  Rooms.        

50 
50 

60 
55 

70 
60 

Factories                                                       _         _„. 

65 

77 

90 

Office  Machine  Rooms  ,  

60 

70 

80 

VEHICLES 

Railroad  Coach.—,..—  .^.  ,  

Pullman  Car 

60s 
55s 

70 
65 

80 
75 

Automobile..,.                                   .         . 

50 

65 

80 

Vehicular  Tunnel  -  

75 

85 

95 

Airplane                                                                  .  ~ 

80 

85 

100 

Imrn,  m  DKBILB 


•For  train  standing  in  station  a  level  of  about  45  db  is  the  TTMTJmum  which  can  ordinarily  be  tolerated. 
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are  given  for  each  application.  These  values  are  intended  to  indicate  the 
variation  which  may  be  expected  in  different  locations  of  the  same  type, 
but  not  the  time  variation  which  may  be  expected  in  each  location. 

The  values  shown  in  Table  1  are  typical  of  those  found  currently  in 
existing  spaces.  They  are,  however,  the  noise  levels  of  the  room  and  not 
the  noise  levels  of  the  ventilating  or  air  conditioning  equipment.  If  the 
noise  level  at  the  room  of  the  equipment  is  kept  at  the  levels  shown  in  the 
table  the  equipment  will  not  add  to  the  acoustical  hazard  existing  without 
it,  provided  the  equipment  noise  is  heard  alone,  but  if  both  are  heard 
together  the  total  noise  level  in  the  room  will  be  increased  about  3  db. 
This  is  usually  considered  an  acceptable  result. 

In  some  cases  it  is  desirable  to  keep  the  equipment  noise  level  at  the 
room  at  such  a  value  that  it  actually  will  not  increase  the  noise  level  in 
the  room  to  any  measureable  degree.  This  can  usually  be  accomplished 
if  the  equipment  noise  at  the  room  can  be  kept  10  db  below  the  noise 
level  shown  in  the  table. 

NOISE  CREATED  BY  EQUIPMENT 

Information  concerning  the  noise  levels  created  by  ventilating  and  air 
conditioning  equipment  such  as  fans,  motors,  air  washers,  and  similar 
items  is  not  yet  on  a  basis  which  permits  tabular  presentation  although 
certain  manufacturers  are  prepared  to  offer  such  data  and  do  state  the 
noise  producing  properties  of  their  products. 

Absence  of  this  information  makes  it  necessary  to  resort  to  indirect 
means  in  solving  certain  problems  and  also  prevents  a  direct  logical 
solution. 

KINDS  OF  NOISE 

To  solve  a  sound  problem  of  this  type  it  is  desirable  to  consider  sepa- 
rately the  several  means  by  which  noise  reaches  the  room.  This  avoids  to 
some  extent  the  necessity  of  knowing  the  noise  level  at  the  source  and 
places  the  emphasis  on  ascertaining  the  level  at  the  point  where  the  sound 
enters  the  room  rather  than  on  its  point  of  origin. 

The  noise  introduced  into  a  room  or  building  by  ventilating  or  air 
conditioning  equipment  may  be  divided  into  two  kinds  depending  on 
how  it  reaches  the  room  as: 

1.  Noise  transmitted  through  the  building  construction. 

2.  Noise  transmitted  through  the  ducts. 

It  is  convenient  to  further  sub-divide  these  two  methods  of  delivery  as: 

1.  Noise  transmitted  through  the  building  construction. 
a.  From  machine  mountings  as  vibration. 

6.   From  equipment  through  room  wall  surfaces. 

2.  Noise  transmitted  through  the  ducts. 

a.  From  equipment  such  as  sprays,  fans,  etc. 

b.  From  outside,  and  transmitted  through  duct  walls  into  air  stream. 

c.  From  air  current,  including  eddying  noises. 

d.  Cross  talk  and  cross  noises  between  rooms  connected  by  the  same  duct  system. 

e.  Noise  produced  by  the  grilles. 
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^  The  next  step  in  the  solution  of  this  problem  is  to  present  data  ^ 
discuss  methods  whereby  solutions  to  the  noise  problem  can  be  obtained 
when  the  allowable  room  noise  level  and  the  path  through  which  the 
noise  reaches  the  room  are  known. 

NOISE  THROUGH  BUILDING  CONSTRUCTION 

It  is  impossible  to  select  ventilating:  equipment  which  will  operate 
without  producing  some  mechanical  noise,  and  since  the  equipment  must 
be  mounted  in  a  building,  it  is  probable  that  a  part  of  this  noise  will  be 
transmitted  to  the  building  itself  to  such  a  degree  as  to  make  noisy  con- 
ditions in  the  rooms  which  are  to  be  air  conditioned, 

Controlling  Vibration  From  Machine  Mountings 

Much  of  this  noise  may  be  transmitted  by  the  duct  if  it  is  rigidly 
connected  to  the  fan  outlet.  It  is  common  practice  to  make  the  connection 
between  the  fan  and  the  duct  with  a  canvas  sleeve  which  effectively 
restricts  noise  at  this  point.  Noise  may  also  enter  the  building  through  the 
mounting  of  the  motor  and  the  fan.  Flexible  mountings  should  be 
provided  in  all  installations  but  these  mountings  must  be  carefully 
designed  so  that  they  will  actually  reduce  the  contact  between  the 
machinery  and  the  supporting  floor.  If  a  flexible  material  is  used,  it  is 
desirable  to  investigate  the  installation  so  that  it  is  not  short-circuited  by 
through  bolts  which  are  improperly  insulated  and  by  electrical  conduit 
which  is  not  properly  broken  and  is  attached  both  to  the  equipment  and 
to  the  building.  The  flexible  mounting,  if  it  is  improperly  engineered, 
may  actually  increase  the  contact  between  the  equipment  and  the  floor 
upon  which  it  is  supported.  In  general,  the  flexible  material  should  be 
loaded  as  heavily  as  possible  without  exceeding  its  elastic  limit3. 

Where  the  mechanical  resistance  of  the  insulating  pad  is  small,  the 
ratio  of  the  vibratory  force  communicated  to  the  floor  of  the  foundation 
with  the  machine  resting  upon  the  pad,  and  with  the  machine  resting 
directly  upon  the  floor,  is  given  by  Equation  1. 


where 

•c  =  the  so-called  transmissibility  of  the  support. 

c  —  the  compliance  (that  is,  the  reciprocal  of  the  force  constant). 
m  —  the  mass  of  the  machine  to  be  insulated. 

n  =  the  frequency  of  vibration  generated  by  the  machine  which  is  to  be  insulated, 
such  as  the  commutation  frequency  of  a  motor  or  the  blade  frequency  of  a  fan. 
«o  —  the  natural  frequency  of  the  machine  upon  the  elastic  pad,  expressed  ass 

1 


«C  It  Soderbwm  iTkt  mc®rw  Jcwrwil,  January,  2«M).  and  swxeedw«  articles,  Set  also  V.  0,  Kandn. 
(WBP»w»i  XMM*.  Vol.  32,  198&  p»  324),  azd  A.  L.  Kimbal!  (Journal  Acznstital  S^itiy  sf  America,  VeL  \ 
1980,  p*  997). 
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In  most  cases  of  design  of  resilient  machine  mounting  the  effect  of 
frictional  resistance  is  small,  and  Equation  1  may  be  used.  In  such  cases 
it  is  only  necessary  to  know  the  natural  frequency  of  the  elastic  pad  or 
platform  used  under  the  desired  loading  and  the  transmissibility  for  any 
vibrational  frequency  of  the  machine  may  be  obtained.  However,  this 
formula  gives  the  theoretical  maximum  insulation  which  may  be  obtained 
and  should  be  used  with  a  liberal  factor  of  safety,  (A  factor  of  2  is 
common  practice  when  the  ratio  is  converted  to  decibels.) 

If  the  pad  is  to  be  of  any  value  in  the  prevention  of  solid-borne  vibra- 
tions, the  value  of  transmissibility  must  be  considerably  smaller  than 
unity.  If  the  fundamental  frequency  of  vibration  generated  by  the 
machine  happens  to  coincide  with  the  natural  frequency  of  the  mass  of 
the  machine  resting  on  the  elastic  pad,  a  condition  of  resonance  will  be 
established,  and  the  machine  will  exert  a  greater  force  upon  the  foundation 
than  it  would  if  the  pad  were  completely  removed.  It  is  necessary, 
therefore,  that  the  elastic  support  be  sufficiently  compliant,  and  the  mass 
of  the  machine  sufficiently  heavy,  that  the  natural  frequency  of  the  mass 
m  upon  its  elastic  support  will  be  low  in  comparison  with  the  frequencies 
which  are  generated  by  the  machine.  Thus,  if  the  principal  vibrations  in 
the  machine  be  of  the  order  of  100  vibrations  per  second,  the  natural 
frequency  of  the  machine  mounted  on  its  elastic  support  should  not  exceed 
about  50  vibrations  per  second,  and  for  best  results  preferably  20. 

When  the  forced  frequency  is  low,  it  is  frequently  impossible  to  insulate 
for  the  fundamental  forced  frequency  due  to  connecting  pipe  work  and 
other  relevant  factors.  In  cases  of  this  kind  an  effective  installation  of 
sound  insulation  may  be  obtained  with  a  mounting  which  functions  far 
above  the  fundamental  forced  frequency.  For  example,  a  compressor 
operating  at  500  rpm  has  a  forced  frequency  of  8.3  vibrations  per  second. 
By  designing  a  mounting  having  a  natural  frequency  of  20  to  25  vibrations 
per  second,  it  is  possible  to  isolate  practically  all  of  the  noise. 

Controlling  Noise  Through  Room  Wall  Surfaces 

The  ventilating  equipment  is  usually  housed  in  a  separate  room  where 
the  noise  produced  by  the  mechanical  operation  of  the  equipment  can  be 
isolated  from  the  rest  of  the  building.  If  the  vibration  of  the  machinery 
is  absorbed  by  flexible  mounting  and  is  not  transmitted  to  the  building, 
the  only  noise  to  be  eliminated  by  the  walls  of  the  room  will  be  the  air- 
borne mechanical  noise.  Acoustical  measurements  on  average  brick, 
tile,  lath,  and  plaster  walls  indicate  that  the  usual  wall  of  these  types  is 
sufficient  to  satisfactorily  attenuate  this  air-borne  mechanical  noise4. 

Attention  should  be  given  to  the  equipment  room  door,  since  this  door 
may  leak  badly  and  allow  sound  to  escape  into  parts  of  the  building  which 
should  be  quiet.  Where  the  equipment  noise  is  particularly  severe, 
double  doors  should  be  used  and  in  all  cases,  the  doors  of  the  equipment 
room  should  be  fitted  with  tight  thresholds  and  weather-stripping.  The 
door  itself  may  transmit  considerable  sound  if  it  is  thin  but  it  will  not 
transmit  a  tenth  as  much  as  will  be  transmitted  by  a  M-in.  crack  between 
the  door  and  the  threshold. 


'Acoustical  Problems  in  the  Heating  and  Ventilating  of  Buildings,  by  V.  O.  Knudsen  (A.S.H.V.E. 

TUUNSACTIQNS,  Vol.  37,  1932,  p.  211). 
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In  cases  where  the  equipment  noise  Is  extraordinarily  high,  it  may  be 
necessary  to  treat  acoustically  the  walls  and  ceiling  of  the  equipment 

room.  If  the  equipment  room  is  not  entirely  closed,  partition  walls 
may  be  necessary. 

NOISE  TRANSMITTED  THROUGH  THE  DUCTS 

After  noise  reaches  the  air  stream  in  the  ducts  it  can  be  controlled  by 
lining  the  ducts  on  the  inside  with  a  sufficient  quantity  of  sound  absorbing 

material.  Lagging  material  of  similar  characteristics  placed  on  the  out- 
side of  ducts  serves  to  prevent  noise  originating  outside  the  ducts  being 
carried  inside  the  ducts  and  into  the  air  stream. 

A  case  where  outside  lagging  is  desirable  occurs  when  ducts  originate 
at  the  fan  in  the  equipment  room  and  pass  through  this  room  on  the  way 
to  the  room  being  conditioned  or  ventilated.  Unless  the  ducts  are  lined 
some  of  the  mechanical  noise  from  the  equipment  room  air  may  be  trans- 
mitted through  the  wall  of  the  duct,  thus  reaching  the  air  stream  and  be 
carried  into  the  room.  In  such  cases,  that  portion  of  the  duct  which  is 
exposed  to  the  sounds  in  the  equipment  room  should  be  lagged  with 
material  such  as  cork,  pipe  covering  or  other  sound  damping  material  to 
prevent  the  sound  from  entering  the  duct  at  this  point.  Numerical  data 
are  not  available  to  permit  a  simple  and  practical  calculating  procedure 
to  determine  thickness  of  covering  which  should  be  used  for  this  purpose. 

Measurements  in  one  laboratory  have  shown  that  the  loss  through 
a  sheet  of  No.  22  gage  metal  is  24  db.  When  a  sheet  of  rock  wool  insu- 
lation 1  in.  thick  and  weighing  1.4  Ib  per  square  foot  is  added  to  this,  the 
insulation  value  is  increased  to  29  db.  In  general,  however,  adding  a 
layer  of  insulation  or  pipe  covering  does  not  materially  increase  the  sound 
insulation  value  unless  the  material  is  dense,  or  unless  it  is  surfaced  with 
another  sound  impervious  layer  such  as  metal  or  board.  Inside  lining 
material  used  in  the  case  previously  mentioned  would  serve  as  an  absorber 
of  the  sound  transmitted  through  the  duct  walls,  and  thus  act  as  a  means 
of  preventing  the  transfer  of  noise  into  the  air  stream.  Inside  lining  may 
also  be  used  in  ducts  to  absorb  noise  which  reaches  the  air  stream  from 
equipment  such  as  fans,  sprays  and  coils;  noise  due  to  eddying  currents 
set  up  by  elbows,  dampers  and  similar  obstructions;  and  noise  trans- 
mitted from  room  to  room  where  there  is  a  common  duct  system. 

Calculating  Amount  of  Duct  Lining 

To  use  the  lining  effectively  it  must  be  properly  located,  well  installed 
and  be  applied  in  sufficient  quantity  to  reduce  the  noise  level  of  the  air 
stream  to  the  level  desired.  It  has  been  shown  theoretically5  that  the 
reduction,  in  decibels  per  linear  foot,  of  sound  transmitted  through  a  duct 
lined  with  sound  absorbing  material  is  related  in  a  rather  complicated 
manner  to  the  size  and  shape  of  the  duct,  to  the  frequency  of  the  sound, 
and  to  the  sound  absorbing  characteristics  of  the  lining.  Experimental 
evidence  likewise  indicates  that  there  is  no  simple  formula  involving 
the  above  variables  which  will  apply  accurately  to  all  cases. 


•Sound  Propagation  in  Ducts  Lined  with  Absorbing  Materials*  bar  1*.  J.  SWaa  (Jotvmt 
Saeidy  tf  Amtritm,  Vol.  8,  p.  135,  1037). 
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One  series  of  experiments6  made  on  a  commonly  used  type  of  duct 
lining  material  (1  in.  rock  wool  sheet)  has  shown  that,  subject  to  certain 
restrictions,  the  reduction  of  single-frequency  sounds  may  be  expressed 
by  the  approximate  Equation  2. 

R  =  12.6  L  -j-  a1-4  (2) 

where 

R  =  reduction,  in  decibels. 
L  =  length  of  lined  duct,  feet. 
P  =  perimeter  of  duct,  inches. 
.4  —  cross  sectional  area  of  duct,  square  inches. 
a  =  absorption  coefficient  of  lining. 

This  formula  is  accurate  within  plus  or  minus  10  per  cent  for  duct 
sizes  ranging  from  9  x  9  in.  to  18  x  18  in.,  for  cross-sectional  dimension 
ratios  of  1:1  to  2:1,  for  frequencies  between  256  and  2048  cycles,  and  for 
absorption  coefficients  between  0.20  and  0.80.  In  Table  2,  the  absorption 
coefficients  at  different  frequencies  of  a  material  of  the  above  mentioned 
type  are  listed,  together  with  the  corresponding  values  of  Equation  2. 

TABLE  2.    DECIBEL  REDUCTION  FORMULAE  FOR  TYPICAL  DUCT  LINING  MATERIAL 


FREQUENCY 

ABSORPTION  COEFFICIENT 

REDUCTION,  DB 

256 
512 
1024 
2048 

0.37 
0.69 
0.78 
0.78                    1 

3.0  L  P/A 
7.5  L  P/A 
9.5  L  P/A 
9.5  L  P/A 

Results  of  other  experiments  indicate,  however,  that  Equation  2  may 
be  in  error  when  applied  to  other  types  of  duct  lining  material  and  to  duct 
sizes  and  shapes  outside  of  the  range  specified.  An  empirically  derived 
chart7  representing  the  average  experimental  data  on  a  number  of  different 
types  of  materials  including  the  rock  wool  sheet  mentioned  as  .applicable 
to  Equation  2  is  shown  in  Fig.  1.  Since  individual  materials  vary  some- 
what, the  curves  in  Fig.  1  are  only  given  as  representing  the  best  available 
averages  for  duct  sizes  of  square  cross-sections  from  6  x  6  in.  to  48  x  48  in. 
As  an  illustration,  the  dotted  lines  in  the  chart  show  values  calculated 
from  Equation  2  which  indicate  that  the  slope  for  this  particular  material 
is  somewhat  different  than  from  the  average  curves.  The  curves  in 
Fig.  1,  as  well  as  Equation  2,  show  that  the  reduction  in  decibels  is 
directly  proportional  to  the  length  of  duct  lined,  and  that  the  larger  the 
duct  the  greater  will  be  the  length  which  must  be  lined  in  order  to  obtain 
a  given  noise  reduction. 

From  Table  2  it  will  be  noted  that  the  noise  reduction  varies  to  a 
considerable  extent  with  the  frequency  of  the  sound.  In  calculating 
noise  reduction,  therefore,  consideration  should  be  given  both  to  the 
comparative  efficiency  of  the  duct  lining  material  at  different  frequencies, 


•The  Absorption  of  Nofee  in  Ventilating  Ducts,  by  Hak  J.  Sabine  (Jottnwl  Aamstiail  Society  ofAmenm, 
Vol.  12,  p.  53.  1940), 

Tfce  PraliGtkm  of  Noise  Lewis  from  Mechanical  Equipment,  by  }.  S.  Parkinson  (Hmtinz  and  Venii- 
Mtmg,  March,  1900,  pp.  23-26), 
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and  to  the  frequency  distribution  of  the  noise  to  be  quieted.  In  the  case 
of  fan  noise,  it  is  recommended  that  calculations  be  based  on  the  frequency 
256  cycles,  since  most  of  the  noise  energy  Is  in  the  region  of  this  frequency. 
In  quieting  noise  due  to  air  turbulence  and  eddy  currents,  in  which  the 
high  frequencies  predominate,  the  frequency  1024  cycles  should  be  used. 
It  should  be  noted  that  the  lining  should  be  installed  at  or  near  the 
outlet,  in  order  to  reduce  effectively  all  sounds  which  may  be  generated 
in  the  system  up  to  this  point.  The  installation  of  lining  near  the  outlets 
rather ^than  near  the  fan  is  also  more  economical,  because  a  greater  noise 
reduction  per  square  foot  of  lining  material  can  be  obtained  in  the  smaller 
ducts  leading  to  the  outlets. 

Estimating  Required  Noise  Reductions 

The  amount  of  noise  reduction  which  is  required  in  any  given  case  will 
depend  both  on  the  noise  level  in  the  room  with  the  ventilating  equip- 


0.1  02        0.3     0.4        G.&     G.8     1  2  34  6       8     10 

ATTEMUmON,  DEDBEIS  PER  FT 

FIG.  1.    SOUND  ATTENUATION  FOR  VARIOUS  ABSORBING  DUCT  LINERS 


ment  shut  off,  and  on  the  noise  level  set  up  in  the  room  by  the  equipment. 
Since  in  most  cases  it  is  difficult  or  impossible  to  determine  these  levels 
accurately,  it  is  best  to  estimate  the  required  noise  reduction  on  the  basis 
of  experience  and  to  allow  a  liberal  safety  factor.  A  guide  for  this  purpose 
is  shown  in  Table  3,  which  applies  to  fan  noise.  Attention  is  specifically 
called  to  its  empirical  nature  and  to  the  necessity  of  exercising  judgment 
in  applying  it.  When  properly  used  with  Table  1  the  values  in  Table  3 
provide  a  solution  which  may  be  both  useful  and  simple.  It  is  important 
to  understand  that  the  reductions  referred  to  in  this  chart  are  based  on 
the  coverage  noise  levels  set  up  in  the  room  by  the  ventilating  or  air  con- 
ditioning equipment.  In  the  case  of  a  piece  of  equipment  which  generates 
a  noise  level  of  95  db»  when  the  noise  is  measured  immediately  next  to  the 
machine,  there  might  be  a  reduction  of  15  db  in  passing  through  the  diuct, 
and  a  further  difference  of  15  db8  between  the  noise  at  the  outlet  supply 


•The  drop  between  the  lere!  at  the  grille  and  the  average  level  in  the  room  will  be  governed  by  the 
ah§ort»t  power  of  tSae  room.  This  is  expressed  in  sabines  and  is  equal  to  S  z  s  where  e  is  the  absorption 
coefficient  of  the  surface  and  s  the  area  ci  tha:  surface.  Tbe  total  absorbing  power  of  the  room  is  tiius  the 
sammation,  of  the  absorbing  power  of  the  various  room  surfaces.  For  a  discussion  of  the  effect  of  the  room 

ibMJTptkw  see  Loc.  Cit.  Note  7. 
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grille  and  the  average  level  in  the  room,  leaving  an  effective  level  of 
65  db  in  the  room.  Reductions  of  noise  level  ranging  from  5  to  25  db 
through  duct  systems  have  been  encountered  without  the  use  of  sound 
absorbing  linings  and  the  drop  from  supply  opening  to  average  room  level 
may  vary  from  5  to  20  db. 

To  determine  whether  to  use  the  noisy,  average,  or  quiet  column  in 
Table  3,  in  forming  an  estimate  of  the  relative  amount  of  noise  generated 
by  the  system,  the  length  of  the  untreated  duct  system  and  the  number 
of  bends  or  elbows  or  splitters  should  be  considered,  since  the  longer  and 
the  more  complex  the  system,  the  more  reduction  of  noise  level  will  occur 
before  the  sound  reaches  the  room  grilles.  Also  the  sound  absorbing 
power  of  the  room  should  be  taken  into  account,  since  in  rooms  where 
there  is  a  great  deal  of  absorptive  material,  such  as  rugs,  draperies, 
curtains  and  furniture,  there  will  be  a  higher  loss  between  the  outlet  grille 
noise  and  the  average  room  level.  The  ventilating  engineer  will  have  to 
judge  whether  the  conditions  deviate  from  the  typical. 

TABLE  3.    DATA  FOR  DETERMINING  REQUIRED  REDUCTION  OF  FAN  NOISE  IN  DECIBELS 


REDUCTION  REQUIRED,  DB 

ROOM  NOISE 

LEVEL,  DB 

EQUIPMENT 

Noisy 

Average 

Quiet 

15                 !                60                i                50 

40 

25 

50 

40 

30 

35 

40 

30 

20 

45 

30                                20 

10 

55 

20                i                10 

0 

65 

10 

0 

0 

75 

0 

0 

0 

Manufacturers*  ratings  on  equipment  should  be  considered  in  con- 
nection with  the  foregoing  discussion.  The  quantity  determined  involves 
the  noise  level  which  will  be  produced  in  the  room  and  the  manufacturer's 
method  of  rating  must  be  considered  before  allowances  previously 
mentioned  are  accepted. 

Further  discussion  of  factors  affecting  equipment  noise  is  given  in 
Chapter  29,  Fans. 

Predicting  Noise  Levels 

To  use  Table  3,  proceed  by  consulting  Table  1  and  determine  the 
probable  noise  ^ level  already  existing  in  the  room,  and,  as  suggested, 
assume  that  this  level  is  satisfactory  for  current  practice.  This  gives  a 
noise  level  in  decibels  and  from  Table  3  determine  the  value  of  the  required 
noise  reduction  in  the  column  corresponding  to  the  noisiness  of  the 
equipment. 

Example  1.  A  10  x  20  in.  duct  is  connected  to  a  private  office  space  in  a  quiet  location. 
Determine  the  length  of  lining  necessary  to  attenuate  average  fan  noise  satisfactorily, 
using  a  lining  material  of  a  type  to  which  Equation  2  applies,  and  having  an  absorption 
coefSclent  of  0.40  at  256  cycles. 
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Solutwn:    From  Table  1  the  noise  level  in  this  office  will  be  35  db. 
a  reduction  of  30  db  will  be  required. 


From  Table  3 


Transposing  Equation  2, 


30 


12.6  -- 


29,6ft 


12.6  X          X  Q.401-* 


The  sound  absorbent  properties  of  duct  lining  are  extremely  important 
and  materials  which  have  coefficients  as  high  as  possible  should  be  used. 
This  is  particularly  true  of  the  coefficients  at  the  low  frequencies.  Only 
certain  sound  absorbent  materials  among  those  listed  in  various  publica- 
tions9 will  be  found  to  be  suitable  for  duct  lining.  In  addition  to  a  high 
sound  absorbent  coefficient  a  duct  lining  material  should  have  a  low 
surface  coefficient  of  friction,  high  resistance  to  moisture  absorption,  and 
should  be  fireproof  and  vermin  proof.  A  number  of  building  codes  now 
specify  that  any  sound  absorbent  material  used  for  duct  lining  shall 
have  no  fire  hazard.  There  are  no  existing  specifications  on  moisture 


Casel 


Case  II 


FIG.  2. 


DIAGRAM  OF  BRANCH  DUCT  TREATMENT  WHERE  LENGTH 
is  INSUFFICIENT  FOR  ADEQUATE  ABSORPTION 


resistance  but  the  manufacturer  should  be  required  to  show  that  the 
material  will  not  absorb  sufficient  moisture  to  cause  deterioration  or  to 
decrease  the  sound  absorbing  efficiency. 

If,  as  is  often  the  case,  the  length  of  duct  from  the  main  duct  to  a  grille 
is  shorter  than  the  length  of  lining  Indicated  by  the  calculations,  this 
duct  may  be  sub-divided  into  smaller  ducts,  as  shown  in  Fig.  2.  The 
increase  in  noise  reduction  thus  obtained  may  be  calculated  from  Equation 
3,  providing  the  splitters  are  installed  parallel  to  the  long  side  of  the  duct: 


bn 


(3) 


where 

Rs  =  reduction  with  splitters,  decibels. 

J?o  =  reduction  in  same  length  of  duct,  without  splitters,  decibels. 

a  =  dimension  of  short  side  of  duct,  inches  or  feet. 

b  =  dimension  of  long  side  of  duct,  inches  or  feet. 

n  =  number  of  channels  formed  by  splitters. 


•For  coeflkaents  of  commercial  sound  absorbent  materials  see  Bulletin  Aetmstiad  Ifalmsfa  .4  JJOGMJIOK, 
919  No.  Michigan  Aw.,  Cliicmgo,  IE. 

601 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

Example  2.  Assume  that  the  duct  of  Example  1  is  only  12  ft  long,  and  that  a  30  db 
reduction  is  required  in  this  length. 

Solution: 

Case  1.    (No  splitters). 

From  Equation  2, 

60 
Ro  =»  12.6  X  12  X  |j~  X  0.401-*  -  12.6  db 

Case  2.    (Two  splitters,  three  channels). 
From  Equation  3, 

P    -  10  fi  v   10  +  (20  X  3)    _       fi    , 
R*  -  12.6  X  10  +  20 =  29.6  db 

General  Suggestions 

In  some  instances  where  high  velocity  air  is  used,  a  considerable  amount 
of  whistle  is  generated  at  the  grille.  This  noise  is  obviously  produced  after 
the  air  leaves  the  duct  and  there  is  no  treatment  which  can  be  installed  in 
the  duct  that  will  reduce  this  noise.  The  engineer  must  take  into  con- 
sideration the  type  of  grille  which  he  intends  to  use  and  provide  sufficient 
grille  area  so  that  the  velocity  through  the  grille  is  reduced  to  a  point 
where  the  grille  is  not  too  noisy.  Further  discussion  of  grille  noise  is 
given  in  Chapter  30,  Air  Distribution. 

Ducts  serving  more  than  one  room  permit  cross  talk  between  the  rooms 
and  should  be  lined  with  acoustical  material.  Where  the  rooms  are  close 
together  and  the  ducts  short,  the  ducts  should  be  sub-divided  to  provide 
ample  acoustical  treatment. 

Very  often  in  ventilating  duct  work  the  engineer  feels  that  it  will  not 
be  necessary  to  line  ducts  if  the  sound  is  traveling  against  the  airflow. 
This,  however,  is  untrue  since  sound  travels  so  much  more  rapidly  than 
does  the  air  in  even  high  velocity  systems,  that  it  will  travel  as  easily 
against  the  airflow  as  it  does  with  it. 

Sounds  which  are  low  in  pitch  are  much  harder  to  eliminate  from  a 
duct  system  than  sound  which  is  high  in  pitch,  consequently  equipment 
which  produces  low  pitched  sounds  should  be  avoided  as  much  as  possible. 
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Chapter  33 

AUTOMATIC  CONTROL 

Purpose  of  Automatic   Control*    Types  of  Control^    Central 

Fan  Systems^  Limit  Controls •,  Static  Premure  Control*  Unit 

Systems,  Control  of  Automatic  Fuel  Appliance®,  Remdentiml 

Control   Systems,    Control  of  Refrigermtnon   Equipment 

THIS  chapter  is  prepared  with  the  purpose  of  acquainting  the  engi- 
neer with  the  principles  underlying  the  use  of  automatic  control,  the 
general  types  and  varieties  of  control  equipment  available  and  their 
application. 

Automatic  control,  properly  applied  to  heating,  ventilating  and  air 
conditioning  systems,  makes  possible  the  maintenance  of  desired  con- 
ditions with  maximum  operating  economy.  A  properly  designed  and 
complete  control  system  has  the  ability  to  interlock  and  coordinate  the 
various  functions  of  heating,  ventilating  and  air  conditioning  in  a  manner 
impossible  to  accomplish  with  manual  regulation. 

Automatic  control  is  an  integral  and  essential  part  of  a  heating,  venti- 
lating or  air  conditioning  installation  and  cannot  be  regarded  as  an  acces- 
sory. In  order  to  insure  satisfactory  results,  the  control  should  be  designed 
with  and  incorporated  in  the  heating,  ventilating  or  air  conditioning 
system.  The  control  equipment  should  be  given  careful  consideration  in 
the  planning  of  any  installation  in  order  that  the  entire  system  may 
operate  together  with  satisfactory  results. 

In  order  that  proper  selection  and  application  of  controlling  devices 
may  be  made  it  is  important  that  a  broad  understanding  exist  as  to  the 
types  of  control  available  and  their  principles  of  operation.  Improper 
selection  and  application  of  control  equipment  will  result  in  unsatis- 
factory and  inefficient  operation.  Specific  control  devices  and  systems 
are  described  in  the  Catalog  Data  Section, 

PURPOSE  OF  AUTOMATIC  CONTROL 

Automatic  control  is  normally  applied  to  heating,  ventilating  or  air 
conditioning  systems: 

1.  To  insure  the  maintenance  of  certain  desired  or  required  conditions  of  temperature, 
pressure,  humidity,  air  motion  or  air  distribution. 

2.  To  serve  a  safety  function,  limiting  pressures  or  temperatures  within  predetermined 
points,  or  preventing  the  operation  of  mechanical  equipment  unless  It  may  function 
without  hazard. 

S.  To  produce  economical  results  and  thereby  insure  operation  of  the  system  at  9, 
minimum  of  expense. 
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TYPES  OF  AUTOMATIC  CONTROL 
Operating  Medium  or  Source  of  Power  Supply 

Automatic  control  systems  may  be  classified  in  three  broad  groups 
based  upon  their  primary  operating  media  or  sources  of  power,  as  follows; 

1.  Electric  Control  Systems.     In  such  control  systems  the  primary 
medium  utilized  to  provide  for  the  operation  is  electricity,  and  the  basic 
function  of  these  controls  consists  of  switching  or  otherwise  Adjusting 
electric  circuits  to  govern  electric  motors,  relays  or  solenoids.     The 
individual  units  of  this  type  of  system  are  interconnected  by  line  voltage 
or  low  voltage  wiring,  and  this  wiring  serves  to  complete  the  circuits 
carrying  the  commands  of  the  controllers  to  the  controlled  valves  or 
damper  motors. 

2.  Pneumatic  Control  Systems.    In  these  systems  the  source  of  power  for 
operation  is  compressed  air,  furnished  by  one  or  more  centrally  located 


Diaphragm  type 


Bi-Meta!!ic 
straight  strip  type  , 


o 

Bi-Metalhc 
curved  strip  type 


FIG.  1.    TYPICAL  THERMOSTATIC  ELEMENTS 

compressors,  and  distributed  in  special  piping  to  the  controlling  and  con- 
trolled devices.  The  pressure  is  varied  by  the  controlling  instruments  and 
this  variation  operates  the  controlled  devices,  which  may  be  valves, 
damper  motors,  relays  or  electric  switches. 

3.  Self-Contained  Control  Systems.  In  self-contained  control  systems, 
the  primary  source  of  operation  is  the  vapor  pressure  of  a  volatile  liquid 
in  the  closed  thermal  system  of  the  controller,  which  is  increased  or 
decreased  in  direct  proportion  to  variation  of  the  temperature  in  the 
controlled  medium.  These  pressure  changes  are  transmitted  directly  to 
the  control  valve  or  damper  motor.  Applications  consist  of  valves  or 
dampers  to  regulate  the  flow  of  heating  or  cooling  media  to  coils,  radiators, 
or  liquid  tanks,  as  determined  by  the  controller  element. 

Typical  thermostatic  elements  are  shown  in  Fig.  1. 

Motion  of  Controlled  Equipment 

Automatic  control  equipment  can  also  be  classified  into  two  general 
types  with  respect  to  the  characteristics  of  the  motion  imparted  by  the 
controls  to  the  controlled  equipment,  such  as  two  position  or  positive- 
acting  control  and  modulating  or  graduated-action  control. 
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In  any  control  system  it  is  necessary  to  choose  the  type  of  equipment 
whose  characteristics  permit  the  type  of  control  operation  desired  and  in 
many  cases  both  types  of  control  are  used  in  the  same  system  to  best 
meet  various  requirements. 

1.  Two  Position  or  Positive-acting  Control.   This  type  of  control  operates 
positively  between  two  positions  such  as  on          off  or  open  and  closed 
with  no  intermediate  positions  or  degrees  of  motion  between  the  two 
extremes  of  operation.    A  simple  thermostat  which  starts  and  stops  ^an 
oil  burner  or  a  unit  heater  motor  is  an  example  of  this  type.    As  applied 
to  a  valve  or  a  damper,  the  action  of  the  controlling  device  would  serve 
to  fully  open  or  fully  close  the  valve  or  damper. 

In  some  applications  of  this  type  of  control,  artificial  heat  is  applied  to 
the  sensitive  element  of  the  room  thermostat  at  the  same  time  that  heat 
is  being  added  to  the  space  under  the  control  of  the  thermostat  in  order  to 
produce  more  frequent  operation.  This  usually  results  in  more  accurate 
control  of  the  heat  source. 

2.  Modulating  or  Intermediate  Control.    This  type  of  control  causes 
motion  in  the  controlled  device  in  proportion  to  motion  caused  in  the 
controller  by  fractional  degree  variations  in  the  medium  to  which  the 
controller  is  responsive.    After  a  fractional  change  has  been  measured  at 
the  controller  and  has  effected  a  new  position  of  the  valve  or  damper  in 
proportion  to  the  amount  of  such  change,  the  system  stands  by  awaiting 
further  change  at  the  controller  before  any  additional  motion  occurs. 
The  extent  of  the  motion  is  limited  only  by  the  limits  of  the  controller  and 
by  the  intensity  of  the  change  of  conditions  as  measured.    With  this  type 
of  control,  the  damper  or  control  valve  may  be  operated  in  intermediate 
positions  between  its  extreme  limits  in  order  to  properly  modulate  or 
proportion  the  flow  of  air,  steam  or  water,  reacting  with  changes  of  con- 
ditions at  the  controller.    Various  modifications  of  this  type  of  control  are 
available,  designed  to  meet  special  requirements  and  conditions,  all  based 
on  operation  of  the  controlled  equipment  in  intermediate  positions. 

These  controlling  devices  may  be  made  to  operate  relatively  faster  or 
slower  for  any  change  in  condition  of  the  fluid  being  controlled.  For 
example,  a  thermostat  modulating  a  damper  may  move  it  from  one 
extreme  to  the  other  in  one  degree  temperature  change,  or  many  degrees 
change  may  be  required  to  produce  this  same  action.  This  characteristic 
is  sometimes  called  the  smsitimty  of  an  instrument.  The  sensitivity  may 
be  fixed,  or  adjustable. 

This  type  of  control  motion  cannot  be  used  on  valves  of  one-pipe  steam 
systems  as  the  partial  opening  of  the  valves  will  not  permit  the  condensate 
to  escape  against  the  flow  of  incoming  steam.  Where  this  type  of  control 
is  used  to  control  the  flow  of  steam  to  a  heater  coil  of  a  fan  system  which 
is  in  the  direct  path  of  untempered  outdoor  air  at  temperatures  below 
freezing,  care  should  be  taken  that  the  control  point  and  operating  char- 
acteristics of  the  regulator  are  such  that  the  valve  is  open  far  enough,  at 
air  temperatures  below  freezing,  to  prevent  the  freezing  of  condensate  in 
any  part  of  the  coil. 

Control  for  Individual  Rooms  and  Small  Buildings 

Control  systems  vary  considerably  with  the  type,  size  and  occupancy  of 
the  building,  and  with  the  heating  or  cooling  system,  humidity  supplying 
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equipment  and  ventilating  means  available  for  control.    In  the  following- 
paragraphs  the  general  requirements  of  two  types  of  control  are  discussed. 

1.  Indimdiial  Room  Control.  The  most  accurate  and  flexible  form  of 
control  for  any  structure  is  that  calling  for  the  regulation  of  each  indi- 
vidual room  by  control  equipment  reacting  to  conditions  in  that  room 
only.  Such  control  necessitates  a  thermostat  in  each  room,  located  to 
properly  measure  the  conditions  of  the  room,  controlling  the  radiator,  unit 
heater,  damper,  unit  air  conditioner  or  other  heating  or  cooling  source,  for 
that  room.  This  arrangement  permits  the  maintenance  of  any  desired 
conditions  in  any  room,  entirely  independent  of  any  other  room.  In  the 
case  of  large  rooms,  where  one  thermostat  location  will  not  serve  to 
properly  measure  the  conditions  throughout  the  room,  and  where  two  or 
more  sources  of  heating  or  cooling  are  provided  in  the  room,  additional 
thermostats  may  be  used,  each  controlling  its  respective  section.  This 
form  of  control,  due  primarily  to  the  number  of  control  devices  required 
over  the  entire  building,  normally  is  the  most  expensive.  However,  where 
maximum  flexibility  and  the  most  accurate  control  are  desired,  individual 
room  control  should  be  used. 

Room  thermostats  are  available  for  various  functions.  Dual  thermo- 
stats operate  heating  devices  at  normal  temperatures  during  periods  of 
normal  occupancy  but  at  lower  temperatures,  for  economy,  at  other 
times.  The  change-over  may  be  by  clock  or  manual  switches,  and  one  or 
any  number  of  thermostats  may  be  on  a  single  switch.  Summer-Winter 
thermostats,  as  described  for  All  Year  Central  Fan  Systems,  are  used  for 
reversing  the  operation  of  certain  dampers  or  valves  to  make  them 
function  for  both  heating  and  cooling. 

One  precaution  to  be  observed  in  the  location  of  room  instruments  is  to 
make  sure  that  each  is  in  control  of  all  the  heating  and  cooling  devices 
that  affect  its  temperature,  except  where  two  thermostats  are  used  to 
operate  at  different  temperatures. 

2.  Single  Thermostat  Control  A  great  majority  of  the  buildings  under 
automatic  control  have  the  comfort  temperature  maintained  by  a  single 
thermostat  operating  directly  on  the  source  of  heat  or  cooling  for  the 
entire  building.  In  average  size  residences  and  in  other  small  buildings, 
it  is  possible  to  select  a  thermostat  location  which  will  give  entirely 
satisfactory  results  throughout  the  structure.  This  location  must  be  one 
which  truly  represents  average  conditions  and  one  which  will  not  have 
unusual  temperature  effects.  For  example,  a  thermostat  near  an  outside 
door  may  function  improperly  when  the  door  is  open.  After  the  proper 
location  is  selected,  the  system  is  balanced  to  provide  the  proper  tem- 
perature distribution. 

Details  of  control  by  single  thermostats  will  be  found  under  the  heading, 
Control  of  Automatic  Fuel  Appliances,  in  this  chapter. 

Zone  Control 

As  the  size  of  buildings  increases,  it  becomes  increasingly  difficult  to 
provide  proper  regulation  for  the  entire  structure  from  a  single  thermostat 
control.  In  such  instances,  where  the  advantages  of  individual  room 
control  are  not  obtainable  by  reason  of  its  cost,  an  intermediate  form  of 
control  system  is  available,  commonly  described  as  wne  control.  In  this 
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form  of  control  system  a  building  is  divided  into  areas  or  zones  such  that 
the  general  requirements  and  the  general  conditions  through  the  areas  are 
relatively  constant  as  to  exposure  and  occupancy*  and  then  each  zone  is 
provided  with  control  equipment  which  functions  to  regulate  the  con- 
ditions in  that  particular  zone.  As  in  the  case  of  individual  room  control, 
each  zone  may  be  regulated  to  its  own  needs  which  may  vary  from  the 
needs  of  other  zones  within  the  same  structure. 

The  number  of  zones  to  be  used  is  determined  by  several  factors, 
such  as: 

1.  Size  of  building. 

2.  Number  and  character  of  exposures. 

3.  Variation  in  occupancy  or  other  inside  conditions. 

4.  Cost  of  additional  zones. 

The  greater  the  number  of  zones,  the  closer  is  the  approach  to  the  results 
and  cost  of  individual  room  control.  However,  zone  control  has  advan- 
tages even  where  individual  room  control  is  installed  as  It  lightens  the 
work  of  the  room  control-  With  room  control,  fewer  zones  are  needed. 
In  buildings  of  large  floor  area,  it  is  usually  desirable  to  have  a  separate 
zone  for  each  exposure.  If  one  wall  is  protected  by  an  abutting  building 
for  half  its  height,  two  zones  may  be  necessary.  First  floor  conditions 
may  vary  enough  from  those  of  the  rest  of  the  building  to  justify  a 
separate  zone.  In  large  buildings  with  several  exposures  toward  any 
compass  point,  as  occurs  in  wings  and  courts,  all  the  northern  exposures,  for 
example,  may  be  put  on  one  zone  control,  or  each  north  wall  may  have  its 
own  control.  Court  exposures  are  apt  to  be  affected  by  surrounding  walls 
and  thus  to  require  separate  treatment. 

In  high  buildings  it  is  often  important  to  consider  zoning  for  stack  or 
chimney  effect  in  winter,  caused  by  the  difference  in  density  between  the 
warm  air  on  the  inside  of  a  building  and  the  colder  air  on  the  outside. 
Where  the  lower  eight  or  ten  stories  are  protected  from  winds  by  sur- 
rounding buildings,  it  may  accentuate  the  need  for  zoning  to  correct  the 
chimney  effect,  and  on  windy  days  there  will  be  a  marked  difference  in  the 
heat  requirements  for  the  different  horizontal  sections  at  different  eleva- 
tions. An  arrangement  to  provide  for  difference  in  heat  requirement  for 
exposure  and  chimney  effect  would  give  12  zones;  namely,  north,  east, 
south,  and  west  lower,  middle  and  top  zones. 

For  steam  heating  systems  the  automatic  control  arrangement  varies 
with  the  means  of  obtaining  reduced  temperatures.  Some  of  the  methods 
in  common  use  are  described  in  Chapter  13.  From  the  control  standpoint 
they  are  classified  as  follows: 

1.  Throttling  steam  to  allow  low  in  proportion  to  the  needs  for  heating. 

2.  Turning  the  steam  on  and  off,  leaving  it  on  for  longer  or  shorter  periods  as  required. 

3.  Varying  the  pressure  differential  between  supply  and  return  lines,  and  varyiag  the 
absolute  pressures  in  both,  so  as  to  change  the  amount  of  steam  passing  through  the 
radiators,  due  to  the  differences  in  pressure  drop  and  due  to  the  differences  in  volume 
per  pound  of  steam. 

The  controlling  thermostats  may  be  inside  or  outside  instruments  or  a 
combination  of  the  two.  Ordinary  inside  thermostats  alone  are  likely  to 
give  disappointing  results  because  an  unusual  condition  at  the  thermostat 

upsets  the  whole  zone,  and  because  a  slight  temperature  drop  may  allow 
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too  much  steam  to  pass  before  its  heating  effect  reaches  the  thermostat. 
Therefore  some  device  Is  needed  to  vary  the  flow  In  accordance  with  the 
weather.  This  may  be  a  simple  long  range  thermostat  that  restricts  the 
flow  as  the  weather  moderates,  or  one  that  turns  the  steam  off  and  on,  on 
of  tener  and  for  longer  periods  In  cold  weather.  One  device  is  designed  to 
directly  control  radiator  temperatures  at  progressively  lower  points  as  the 
weather  becomes  warmer.  Most  outside  thermostats  have  provision  for 
sun  and  wind  effect.  They  do  not  produce  close  control^of  Indoor  tem- 
perature, and  are  usually  accompanied  by  hand  switching  devices  for 
raising  and  lowering  the  control  point,  where  individual  room  control  is 
not  Included.  They  are,  as  stated  previously,  valuable  adjuncts  of 
room  control. 

For  a  hot  water  heating  system,  zone  control  consists  of  an  outdoor 
thermostat  varying  the  temperature  of  the  water  In  accordance  with  the 
weather.  This  may  be  done  by  changing  the  amount  of  heat  applied  to 
the  water,  or  by  mixing  hot  water  with  recirculated  water  so  as  to  produce 
the  proper  temperature.  Inside  zone  thermostats  may  be  used  to  correct 
improper  action  of  weather  thermostats,  or,  where  only  one  outside 
instrument  is  used  for  a  number  of  zones,  to  start  and  ^stop  circulating 
pumps  in  accordance  with  the  demand  for  heat  in  the  various  zones. 

For  both  steam  and  hot  water  systems,  zone  control  is  primarily  to 
reduce  the  general  heating  effect  in  moderate  weather.  Thus  the  term  is 
used  to  describe  a  type  of  control  system,  though  a  building  may  have 
but  a  single  zone. 

In  air  conditioning  systems,  zone  control  may  be  applied  to  separate 
fan  systems  in  different  parts  of  a  building  or  to  two  or  more  'sections  of 
the  air  distributing  system  from  a  single  fan.  The  zone  thermostat  may 
be  room  type,  or  insertion  type  located  In  the  return  air  duct  from  the 
zone.  Where  each  zone  has  its  own  fan,  the  control  may  be  the  same  as 
for  an  independent  system.  If  one  fan  serves  more  than  one  zone,  there 
will  be  heating  and  cooling  coils  for  each,  or  a  damper  to  mix  air  volumes 
of  two  temperatures  to  provide  the  proper  conditions  for  the  zone. 

Zone  control  for  an  all-year  air  conditioning  system  presents  problems 
that  do  not  arise  In  either  the  heating  or  the  cooling  cycle  alone.  As  a 
is  normally  selected  for  similarity  of  conditions,  and  the  distribution 
of  temperature  effect  to  the  various  rooms  adjusted  so  that  one  control 
point  is  sufficient,  it  is  important  that  the  similarity  of  conditions  applies 
equally  to  heating  and  cooling.  Two  rooms  that  have  like  heating  loads 
and  that  work  well  together  In  the  heating  season,  may  have  entirely 
different  cooling  loads.  This  difficulty  can  be  overcome  by  the  use  of 
sub-zones  or  individual  room  control  where  necessary. 

CENTRAL  FAN  SYSTEMS 

Central  systems  for  air  conditioning  are  described  in  Chapter  20. 
For  explanation  of  the  control  problems  for  such  systems,  the  various 
functions,  such  as  heating,  humidificatlon,  and  cooling,  are  treated 

Independently. 

Ventilating  Systems 
^  A  control  system  for  a  central  fan  ventilating  system  using  all  outdoor 

air  and  discharging  air  at  a  predetermined  temperature  is  illustrated  in 
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Fig.  2.  Thermostat  Ti  located  In  the  outdoor  air  intake  is  set  just  above 
freezing,  and  controls  valve  l\  on  the  first  heating  coil.  This  arrange- 
ment, where  the  valve  is  held  completely  open  or  closed  to  avoid  danger 
of  freezing,  must  be  used  where  the  coil  is  not  specially  designed  for 
uniform  steam  distribution  across  its  face.  The  by-pass  damper  around 
the  heaters  and  the  other  two  valves  Vt  and  F»  are  controlled  by  ther- 
mostat Ig  located  in  the  discharge  duct  from  the  fan.  When  the  tem- 
perature of  the  discharge  air  is  too  high,  T%  closes  Fi  and  Fif  gradually 
and  in  sequence,  then  if  FI  is  open  and  supplying  too  much  heat,  T*  opens 
the  by-pass  damper.  The  control  of  the  damper  and  valves  Fj  and  F» 
must  be  gradual  to  prevent  wide  fluctuation  in  temperature. 

In  ventilating  systems  it  is  customary  to  supply  air  to  the  ventilated 
spaces  at  an  Inlet  temperature  approximately  equal  to  the  temperature 
maintained  in  the  rooms.  The  radiators  therefore  are  designed  to  take 
care  of  all  the  heat  losses  from  the  rooms  and  in  order  to  maintain  con- 
trolled room  temperatures  it  Is  necessary  to  control  the  radiators  inde- 
pendently of  the  ventilation  control. 
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FIG.  2.    CONTROL  OF  A  CENTRAL  SYSTEM  FOR  VENTILATION 


In  central  fan  systems,  air  washers  are  sometimes  used  and  in  such 

cases,  due  to  the  effect  of  temperatures  on  humidity,  additional  control 
Is  required.  The  heating  coils  are  then  divided,  one  or  two  at  the  inlet 
and  usually  two  at  the  outlet,  generally  called  preheaters  and  reheaters. 

There  should  be  no  by-pass  under  the  former,  because  of  the  danger  of  a 
stratum  of  cold  air  freezing  the  water.  To  maintain  relative  humidity  at 
a  constant  point  a  dew-pmnt  thermostat  is  Inserted  into  the  air  stream 
between  the  two  sets  of  colls,  to  control  the  preheaters.  Cold  air  control 
of  preheaters  cannot  be  used  because  at  temperatures  just  below  freezing 
a  standard  heating  coll,  which  will  protect  an  air  washer  against  freezing 
in  zero  weather,  will  give  a  too  high  dew-point  temperature.  Therefore, 
the  one  or  two  preheater  coils  must  be  controlled  from  the  dew-point 
thermostat.  This  is  preferably  placed  at  the  discharge  side  of  the  washer 
and  set  for  about  40  or  45  F.  As  there  is  some  cooling  effect  from  the 
water,  this  provides  a  slightly  higher  temperature  leaving  the  colls.  In 
such  cases,  the  throttled  steam  must  be  fairly  uniformly  distributed 
across  the  face  of  the  coil,  to  prevent  a  stratum  of  cold  air  that  would 
freeze  water  in  the  coil  or  in  the  washer. 
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Heating  Cycle 

Similar  fan  systems  are  used  for  heating,  as  well  as  for  ventilating 
occupied  spaces,  by  Increasing  the  number  of  coils  to  four  or  five.  Where 
they  are  all  installed  together  the  control  remains  the  same  as  shown  in 
Fig.  2,  and  the  additional  coils  are  controlled  directly  from  a  room  ther- 
mostat which  also  causes  Ta  to  turn  on  full  heat  while  the  room  is  coo], 
but  to  function  as  described  previously  while  the  room  is  warm.  This 
facilitates  rapid  heating  of  the  room,  after  a  vacant  period. 

An  alternate  plan  is  the  use  of  a  fan  discharge  thermostat  whose 
control  point  can  be  automatically  varied,  and  a  room  thermostat  to 
reset  it.  Thus  when  the  room  is  cold,  air  is  delivered  at  a  maximum  tem- 
perature designed  for  rapid  heating,  and  when  the  room  is  too  warm,  the 
air  is  kept  as  cool  as  can  be  safely  introduced,  or  as  the  weather  permits. 
The  discharge  temperature  varies  between  these  two  extremes  at  the 
command  of  "the  room  thermostat,  until  it  finds  the  proper  point  for  the 
existing  conditions.  This  makes  it  unnecessary  to  vary  the  fan  discharge 
thermostat  manually  to  prevent  overheating  in  moderate  weather,  or 
chilling  in  cold  weather. 

The  heating  coils  are  often  separated  into  two  groups,  one  at  the 
suction  side  of  the  fan,  controlled  as  shown  in  Fig.  2,  and  the  other  on  the 
down  stream  side  of  Tj,  controlled  from  the  room.  Control  T2  is  then 
called  the  air  thermostat. 

In  all  types  of  fan  heating  systems  it  is  desirable  to  have  the  tempered 
air  thermostat  in  the  fan  discharge  where  stratification  has  been  broken 
up  by  the  fan. 

Where  a  fan  system  supplies  heat  to  several  rooms  or  zones  that  require 
separate  treatment,  the  tempered  air  control  can  remain  as  in  Fig.  2,  and 
the  variation  can  be  supplied  in  any  of  the  following  ways: 

1.  By  installing  a  separate  duet  to  each  zone,  and  using  individual  heating  coils,  each 

control  of  its  respective  room  thermostat. 

^Z  By  insttJItng  double  chambers  at  the  fan  discharge,  only  one  of  which  is  supplied 
with  heating  coils.     Individual  room  or  zone  ducts  have  mixing  dampers 

mk  to  be  taken  from  the  warm  air  chamber,  the  tempered  air  chamber,  or 
both,  m  by  their  respective  room  thermostats.     With  this  arrangement, 

preaurticMM  be  taken  to  prevent  the  warm  air  from  beinj*  churned  back  and  into 

the  mir  while  a  number  of  the  mixing  dampers  are  calling  for  the  latter.    If  the 

air  is  controlled  at  a  constant  temperature  under  all  conditions,  the  coils  should  be 

not  few  than  8  ft  from  the  fan  discharge  and  the  dividing  plate  extended  back 

•mral  feet  toward  the  fan.    A  good  solution  for  the  problem  is  to  use  an  automatically 

in  the  warm  air  chamber,  controlled  by  ao  outdoor  thermostat  so 

as)  to  curry  wojEinama  warm  air  temperatures  in  the  coldest  weather  and  minimum  in 
moderate  weather. 

1.  oBy  a  trunk  duct,  and  varying  the  amounts  of  air  delivered,  by  dampers  at 

iftdnrktel  ootJets  or  for  the  various  zones,    If  a  minimum  amount  of  air  is  required  for 
iVBtflitm,  the  dampers  must  not  dbse  entirely.    Thus  to  prevent  over-heating,  the 
temperature  must  be  varied  according  to  the  weather,  as  previously  described. 
control  ma  j  be  needed.  See  a  subsequent  sub-bead  for  a  more  detailed 
••"-    "    i  of  tfcii  tidbiect. 


CMS  1  is  illustrated  in  Fig.  3.   Thermostat  T  in  the  fan  discharge  con- 

outside  and  return  ak  through  damper  motors  A  and  D2,  face  and 

by»fNNBB  dampers  through  damper  motor  A  and  the  steam  supply  to  a 

heating  coil  tJirajgfa  valve  Fi.    By  having  the  face  damper  dosed,  and 
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the  by-pass  open,  before  steam  is  throttled,  there  can  be  no  danger  of 
freezing  the  coll.  Thus  the  Da  operation  Is  completed  before  l\  starts. 
However,  the  relationship  between  D\  and  D2  controlling  the  amount  of 
recirculation,  and  D®  regulating  the  amount  of  steam  heat  added,  depends 
on  the  design  of  the  ventilation  system.  If  the  maximum  amount^  of 
outside  air  is  desired  for  ventilation,  and  the  return  air  is  used  only  during 
the  faeating-up  period,  D\  and  Df  complete  their  operation  to  bring  in  all 
outside  air  before  D*  starts.  On  the  other  hand  if  greatest  heating  econ- 
omy is  desired  and  full  outside  air  is  to  be  used  only  to  prevent  over- 
heating, PS  completes  its  motion  to  close  the  face  damper,  before  A  and 
Dt  start.  Any  relationship  can  be  attained  between  these  two  extremes. 
Relay  R  prevents  T  from  closing  the  outside  damper  completely,  when  a. 
minimum  of  outdoor  air  is  required  during  operation.  Valves  FS  and  Fa 
control  the  steam  supplied  to  booster  coils  for  two  zones,  in  accordance 


FIG.  3. 
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with  the  requirements  of  room  type  zone  thermostats,  not  shown  in  the 

diagram.    Humidistat  H,  in  the  return  air,  regulates  the  amount  of  water 
supplied  through  F4  to  the  spray  heads. 

Humidification 

Humidification  with  air  washers  has  been  mentioned  in  connection 
with  control  of  ventilating  systems.  Where  ample  room  air  change  is 
provided,  It  is  generally  assumed  that  the  dew-point  of  the  conditioned 
space  will  soon  equal  that  of  the  delivered  air.  This  is  due  to  exterior 
walls,  especially  glass,  being  less  pervious  to  vapor  flow  than  to  heat 
transmission.  With  partial  recirculation,  dew-point  control  prevents 
over-  as  well  as  under-humidification,  for  ordinary  installations. 

Where  air  washers  are  w>t  used,  humidification  may  be  accomplished 
by  water  sprays,  preferably  with  heated  water;  by  steam  heated  water  in 
pans;  or  by  steam  jets,  if  their  odors  are  not  objectionable.  Sub-atmos- 
pheric steam  cannot  be  used,  of  course,  for  jetsy  and  is  not  of  much  more 
value  In  coil  heated  pans.  In  all  these  cases  the  control  is  obtained  by 
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humidistats,  usually  placed  In  rooms  or  in  return  air  ducts.  In  venti- 
lating systems  the  controlling  instruments  may  be  put  in  the  fan  discharge 
for  results  comparable  with  dew-point  control.  However,  as  hygroscopic 
elements  are  actuated  by  relative  humidity  they  cannot  be  used  with 
discharge  temperatures  that  have  been  raised  to  supply  heating  effect. 
Humidity  control  in  cold  weather  is  complicated  by  the  danger  of 
causing  condensation  or  frost  on  windows  and  exterior  walls,  when  other- 
wise desirable  relative  humidities  are  obtained.  For  satisfactory  results 
in  buildings  that  are  not  specially  designed  to  prevent  cold  interior  wall 
and  glass  surfaces,  it  is  necessary  to  maintain  lower  humidities  in  very 
cold  weather.  This  is  done  automatically  either  by  an  auxiliary  humidi- 
stat  mounted  at  a  window  to  prevent  condensation  at  that  point,  or  by 
using  a  type  of  room  or  duct  humidistat  that  is  reset  by  an  outdoor 
thermostat  to  maintain  gradually  drier  conditions  as  the  wreather  gets 
colder. 

Coding  Cycle 

Although  central  systems  are  occasionally  used  for  cooling  and  dehu- 
midifying  poly,  the  control  features  are  essentially  the  same  as  for 

complete  air  conditioning  systems.  Where  control  of  room  conditions  is 
obtained  by  varying  the  quantity  of  cooled  air,  as  in  a  trunk  duct  system, 
individual  room  or  zone  thermostats  operate  volume  dampers.  It  is 
customary  to  have  these  installed  with  a  stop  to  prevent  shutting  off  the 
air  supply  entirely,  the  reduction  being  from  40  to  60  per  cent  of  the 
maximum  delivery,  depending  on  the  design  of  the  system.  Later 
described  control  of  the  temperature  of  the  air  prevents  over-cooling  with 
the  minimum  supply  s  and  the  damper  variation  is  normally  sufficient  to 
handle  the  distribution  of  the  cooling  effect  throughout  the  area  supplied 
by  the  fan  or  trunk  duct. 

In  cases  where  systems  and  outlets  are  designed  for  particular  velocities 
for  proper  room  diffusion,  volume  dampers  tend  to  produce  undesirable 
results,  by  changing  these  velocities.  Partially  closed  dampers  reduce 
volumes  in  their  ducts  aod  increase  volumes  elsewhere.  Trouble  from  too 
little  air  can  be  reduced  by  having  the  dampers  close  off,  in  one  way  or 
another,  a  part  of  the  grille  openings,  thus  maintaining  approximately  the 
velocity  through  a  smaller  grille  area.  Trouble  from  increase  of 
static  pressure,  due  to  reducing  air  volumes  delivered,  can  be  corrected  by 
static  pressure  control,  as  described  under  a  separate  subheading  in  this 
chapter. 

_In  installations  where  constant  volumes  of  air  are  desired,  and  in- 
dividual ducts  are  ran  to  each  room  or  zone,  as  shown  in  Figs.  3  and  5,  of 
Chapter  20,  air  temperatures  are  varied  as  for  the  heating  cycle,  by  room 
thermostats  operating  (1)  mixing  dampers  which  take  air  from  either  or 
both  of  two  chambers,  one  of  which  has  been  cooled  to  the  minimum 
temperature  ever  required;  (2)  booster  cooling  coils,  one  for  each  duct,  in 
which  the  refrigerating  medium  can  be  turned  on  or  off,  or  modulated; 
(3)  individual  by-pass  dampers  around  booster  cooling  coils  which  are 
kept  at  ^constant  temperature;  or  (4)  reheating  coils  which  in  times  of 
light  cooling  load  add  heat  to  air  that  has  been  cooled  to  the  minimum 
temperature  required. 
All  these  arrangements  apply  where  one  fan  supplies  more  than  one 
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room,  or  zone,  and  consequently  the  temperature- varying  devices  are 
downstream  from  the  fan.  The  remainder  of  the  control  for  the  system  is 
concerned  with  maintenance  of  conditions  at  the  fan  and  is  similar  to 
what  is  used  where  a  fan  system  is  treated  as  a  single  zone. 

Air  washer  cooling  and  dehumidification  is  commonly  controlled  by 
pumping  the  spray  water  through,  or  around  a  water  cooler,  with  a  dew- 
point  thermostat  operating  a  mixing  valve  which  regulates  the  amount  of 
water  by-passing  the  cooler.  An  alternate  scheme  is  to  put  cooling  coils 
in  the  air  washer  spray  or  the  pan,  and  to  control  the  temperature  of  the 
coil.  In  both  cases  control  of  relative  humidity  is  obtained  by  main- 
taining a  constant  dew-point  temperature  and  thus  a  constant  amount 
of  water  vapor  per  cubic  foot  of  air  handled.  On  account  of  this  humidity 
factor,  air  leaving  the  washer  must  be  reheated.  As  explained  in  Chapter 
20,  this  is  done,  (1)  by  passing  uocooled  air  around  the  washer1  with 
thennostatic  control  of  the  proportion  of  uncooled  air;  (2)  by  adding 
heat  by  means  of  an  automatically  controlled  coil;  or  (3)  by  allowing  the 
room  air  to  provide  the  heat  by  diffusion,  in  which  case,  still  assuming  a 
constant  volume  of  air,  the  only  means  of  dry-bulb  control  is  the  raising 
and  lowering  of  the  dew-point  temperature,  and  hence  the  relative 
humidity. 

Heat  transfer  surface  coils,  now  more  frequently  used  for  cooling  and 
dehumidification,  are  of  either  the  direct  expansion  or  cold  water  type. 
The  former  may  be  controlled  by  starting  and  stopping  or  unloading  the 
compressor,  by  opening  and  closing  a  valve  in  the  liquid  line,  by  throttling 
the  expansion  valve,  by  throttling  the  suction  line,  or  by  raising  and 
lowering  the  coil  pressure,  and  temperature,  through  operation  of  a  back 
pressure  valve.  The  cold  water  type  coils  are  controlled  by  valves  to 
regulate  the  flow  of  water.  They  may  throttle  the  flow,  or  they  may  be 
of  the  three-way  type  that  allows  a  uniform  flow  but  by-passes  any 
necessary  amount  around  the  coil.  Where  well  water  pumps  are  operated 
only  for  cooling  coils,  control  is  added  to  stop  them  while  cooling  is  not 
needed,  but  if  they  serve  other  purposes,  they  continue  to  run  and  the 
water  is  controlled  by  throttling  valves. 

The  control  with  all  types  of  coils  may  include  a  damper  in  an  air 
by-pass2  around  the  coils,  with  or  without  one  over  the  face  of  the  coils. 
If  the  installation  is  large  enough  to  justify  the  use  of  two  or  more  coils, 
side  by  side*  the  special  air  by-pass  may  be  omitted  and  sjmilar  results 
obtained  by  closing  the  coils  in  sequence.  The  controlling  instrument  in 
all  these  cases  is  a  thermostat  in  the  room,  return  air,  or  fan  discharge, 
whether  the  system  serves  one  zone  or  several.  In  the  latter  case,  a 
thermostat  in  the  return  air  or  in  the  fan  discharge  serves  as  a  primary 
control,  and  the  final  control  of  room  conditions  is  obtained  with  the 
zone  thermostats. 

Room  or  zone  control  in  the  cooling  cycle  is  commonly  provided  by 
thermostats  which  operate  at  varying  points  depending  on  the  weather. 
This  takes  care  of  the  difference  in  optimum  temperatures  for  the  heating 
and  cooling  seasons  and  also  of  the  objection  to  maintaining  too  high  a 
differential  between  indoor  and  outdoor  temperatures  in  hot  weather. 


3  Pa  tests  exist  covering  the  by-pass  method. 
»Loe.  Ot.  Not*  1. 
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A  thermostat  sensing  outdoor  conditions  is  used  to  reset  inside  tem- 
peratures, raising  them  gradually  to  a  point  from  5  to  15  F  below  the 
highest  outside  temperature.  This  differential  depends  on  the  type  of 
occupancy.  Temperatures  should  be  maintained  so  as  to  avoid  too  great 
a  change  for  anyone  entering  or  leaving.  In  large  buildings,  gradually 
lower  temperatures  at  increasing  distances  from  entrances  and  exits  can 
be  arranged.  See  Chapter  2  for  general  remarks  about  proper  tem- 
peratures. 

Except  in  the  case  of  dehydrating  systems,  independent  humidistatic 
control  of  dehumJdification  is  seldom  provided.  Air  washer  systems  as 
already  described,  are  provided  with  dew-point  thermostats.  Cooling 
coils  may  be  designed  for  proper  proportion  of  sensible  and  latent  heat 
removal  so  as  to  give  satisfactory  relative  humidity  when  only  the  tem- 
perature is  controlled.  For  a  small  installation,  without  by-pass  or  other 
reheat,  a  room  thermostat  and  humidistat  are  sometimes  arranged  to 
provide  cooling  until  both  the  temperature  and  humidity  requirements 


FlG.  4.     CONTROL  FOR  A  DEHYDRATING  AND  COOLING  SYSTEM 


have  been  satisied,  and  a  second  thermostat  is  used  to  prevent  excessive 
cooing  by  the  humidistat.  The  cooling  may  be  regulated  by  a  combina- 
tibn  of  temperature  and  humidity  that  approaches  effective  temperature, 
by  the  relative  humidity  to  gradually  readjust  the  temperature 

control  pointv  higher  for  dry  air% 

qf  Refrigeration.    Room  or  duct  conditions  may  start,  stop  and 
the  refrigerant  compressors  directly,  or  may  operate  only  at  the 

evif»ratare.  ^In  cither  case  other  controlling  instruments  are  used  for 
the  refrigeration,  as  described  under  the  general  heading,  Control  of 
iCjrfr^watk»  Equipment. 

Absorbent  and  adsorbent 


<m  conroe     y  room 

or  return  air  huinidistat&.  Sate  these  processes  are  capable  of  producing 
relative  humidities  much  befow  the  desired  point,  only  a  portion  of  the 

wr  may  be  treated  and  a  by-pass  damper,  controlled  by  the  humidistat, 
ned  to  vary  this  portion.  Hie  control  of  water  cooling  coils  is  similar  to 
that  prvranaly  described,  except  that  the  additional  coil,  used  to  extract 
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the  sensible  heat  transformed  from  latent  by  the  process,  can  use  cooling 
water  leaving  another  coil.  That  Is,  water  leaves  the  main  cooling  coils  at 
a  low  enough  temperature  to  do  the  requisite  cooling  for  the  high  tem- 
perature air.  In  order  to  have  water  available  at  both  coiisf  the  control 
valves  at  each  are  of  the  three-way  type.  As  this  allows  free  flow  of  water 
at  all  times,  a  normally  closed  valve  can  be  Installed  In  the  water  line  and 
controlled  by  a  thermostat  varying  the  flow  to  maintain  a  suitable 
temperature.  By  connection  to  the  fan  motor  circuit  the  valve  can  be 
kept  closed  while  the  system  is  not  In  use. 

Some  of  these  features  are  shown  In  Fig.  4.  Humidlstat  Ht  on  rising 
humidity,  simultaneously  starts  the  dehydrator  and  its  fan  through  relay 
R,  positions  three-way  valve  V\  to  permit  water  to  flow  through  the 
aftercooler,  and  closes  damper  D  to  increase  the  resistance  in  the  main 
duetto  as^to  reduce  any  tendency  of  the  dehydrated  air  to  short-circuit. 
Outside  air  and  return  air  dampers,  commonly  used,  are  not  shown. 
Their  operation  is  as  described  for  Fig.  3,  except  that  for  the  summer 
cycle,  the  outside  air  Is  fully  opened  before  \\  turns  on  the  main  cooling 


FIG.  5.    CONTROL  FOR  AN  ALL  YEAS  CENTKAL  SYSTEM 


coil,  and  a  wet-bulb  or  similar  thermostat  In  the  intake  cuts  the  outdoor 
air  to  a  minimum  when  its  wet-bulb  temperature  is  greater  than  that  of 
the  return  air. 

All  Year  Systems 

All  year  systems  combine  the  features  described  for  heating  and  cooling 
cycles,  and  have  provisions  for  spring  and  fall  conditions.  Complete 
automatic  control  of  all  year  systems  incorporates  an  automatic  change- 
over between  the  cooling  and  heating  cycles.  If  the  installation  neces- 
sitates operation  of  a  manual  switch  or  other  change-over  device  between 
the  heating  and  cooling  cycles,  then  the  control  system  Is  semi-automatic. 
The  full  automatic  change-over  between  cycles  becomes  particularly 
desirable  in  the  early  and  late  portions  of  the  cooling  and  heating  seasons, 
when  heating  and  cooling  may  be  required  alternately, 

Fee  all  year  systems,  a  single  thermostat  may  be  used  for  both  heating 
and  cooling  cycles,  as  shown  In  Fig.  5*  In  this  diagram,  Ti  regulates  the 
amount  of  reckoilation  through  damper  motor  D,  the  amount  of  steam 
by  valve  V%  and  the  amount  of  chilled  water  by  V*  As  the  temperature 
rises,  V\  first  operates  completely  to  close  off  the  steam;  next,  outdoor  air 
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quantities  are  increased  from  a  minimum,  if  the  outdoor  temperature  as 
sensed  by  7i  is  low  enough  to  provide  cooling;  and  finally  chilled  water 
valve  Fa  opens.  Control  T*,  however,  operates,  not  at  a  constant  tem- 
perature, but  at  a  point  varying  from  the  minimum  required  in  warm 
weather  to  the  maximum  required  for  heating.  The  variation  is  effected 
by  7*1  in  the  return  air,  which  raises  and  lowers  the  control  point  of  T% 
until  the  proper  return  air  temperature  is  obtained.  During  the  heating 
and  intermediate  seasons,  T\  operates  at  a  constant  point,  but  in  the 
cooling  season  it  is  readjusted  by  outdoor  air  thermostat  T4  to  provide 
higher  indoor  temperatures.  Room  humidistat  H  opens  valve  F3  on 
falling  humidity  to  turn  on  the  water  sprays.  As  inside  humidities  in 
summer  are  normally  higher  than  required  in  winter,  the  sprays  are 
automatically  kept  closed, 

Five  diagrams  of  large  central  systems  are  shown  in  Chapter  20. 
The  arrangement  of  coil  and  sprays  diagrammed  in  Fig.  1  requires  control 
as  just  described,  except  that  if  the  cooling  coil  is  of  the  direct  expansion 
type,  the  refrigeration  is  controlled  as  explained  in  this  chapter  under 


FIG.  6. 


ALL  YEAR  ZONE  CONTROL  WITH  BOOSTER  HEATING  COILS  AND 
VOLUME  DAMPERS 


Cooling  Cycle.  In  Fig.  2,  a  dew-point  thermostat  near  the  eliminator 
plates,  on  a  rising  temperature  first  turns  off  the  preheater  and  then  turns 
oti  the  water  cooler.  A  return  air  or  fan  discharge  thermostat  controls 
the  rcbealer  coil,  and  the  return  air  and  by-pass  dampers.  Assuming  that 
the  coil  is  not  heated  in  summer,  the  by-pass  damper  is  opened  and  the 
ret  urn  air  damper  closed  to  provide  reheat.  In  winter,  provision  must  be 
made  to  the  by-peas  damper  closed,  or  to  reverse  its  operation  to 

prevent  by-passing  the  coil  when  heat  is  required. 

Th«  temperature  at  the  primary  fan  in  Fig.  4  is  maintained  10  F  or 

desired  zone^emperatures  throughout  the  year,  to  allow  cor- 

rection of  overheating  in  winter.     In  summer  this  setting  is  further 

reduced,  to  cut  down  the  amount  of  outside  air  required  for  cooling  and  to 

sufficient  defaumidification.    The  zone  thermostats  thus  call  for 

return  air  for  reheat. 

Where  the  internal  cooling  load  is  great,  an  arrangement  as  shown  in 

Fig.  if  erf  this  chapter,  has  some  advantages.    Air  entering  the  fan  is  con- 

at  about  55  F  by  operation  of  a  steam  valve  and  outside  and 

return  air  dampers,  so  long  as  weather  permits.    In  summer  the  refrig- 

eration Is  turned  on  at  a  somewhat  higher  temperature,  as  required. 

heating  ceils,  tew  limit  thermostats,  volume  dampers  and  room, 
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or  return  air,  thermostats  are  installed  for  all  zones,  as  shown.  Volume 
dampers  are  adjusted  with  a  minimum  position  that  will  supply  sufficient 
air  quantities  for  heating.  While  a  zone  is  too  cold,  T\  holds  D  in  mini- 
mum position  and  steam  valve  F  wide  open.  On  rising  zone  temperature, 
the  steam  is  first  gradually  turned  off,  and  if  internal  heat  sources  cause 
the  temperature  to  build  up,  D  gradually  opens  to  increase  the  amount  of 
cool  air  delivered.  Control  T%  is  set  for  the  minimum  temperature  at 
which  air  can  be  introduced  into  its  zone. 

If  heating  as  well  as  cooling  is  supplied  only  by  the  fan  system,  and 
zone  control  is  by  volume  dampers,  special  instruments  known  as  summer - 
winter  thermostats  are  required  to  open  the  dampers  on  falling  tempera- 
ture in  winter  and  on  rising  temperature  in  summer.  Such  instruments 
are  also  used  similarly  to  operate  valves  which  supply  hot  water  in  winter 
and  chilled  water  in  summer. 

Ecanamizer  Controls.  Although  the  saving  of  fuel  or  power  is  one  of  the 
reasons  for  using  any  automatic  control  equipment,  there  are  some  appli- 
cations where  this  is  the  sole  reason.  For  example,  central  fan  systems 
are  usually  designed  to  use  all  outdoor  air,  or  as  much  as  required,  while 
it  has  suitable  characteristics,  for  economical  operation.  Except  for  cases 
such  as  chemical  laboratories  where  return  air  cannot  be  economically 
used,  dampers  are  placed  in  both  the  return  air  and  outdoor  air  ducts  to 
regulate  the  amount  of  air  used  from  each.  These  may  or  may  not  be 
mechanically  interconnected  but  are  arranged  so  that  as  one  opens  the 
other  closes.  Where  a  minimum  amount  of  outdoor  air  is  needed  for 
ventilation  requirements,  the  control  of  dampers  may  include  a  relay 
to  prevent  closing  the  outdoor  damper  beyond  a  certain  adjustable  point 
or  this  damper  may  be  divided  into  two  sections,  only  one  of  which 
operates  with  the  return  airdamper.  Another  relay  connected  to  the  fan 
motor  circuit  operates  the  minimum  outdoor  opening,  in  either  case,  as 
the  fan  is  started  and  stopped.  Usually  it  also  places  the  remainder  of 
the  dampers  in  recirculating  position  when  the  fan  stops  and  leaves  them 
under  control  of  their  thermostats  while  the  fan  is  running. 

The  control  of  recirculation  is  from  thermostats.  Since  the  outdoor 
air,  in  excess  of  the  minimum  required  for  ventilation,  is  used  for  cooling, 
the  dampers  are  commonly  interconnected  with  other  cooling  devices,  so 
as  to  gradually  increase  the  amount  of  outdoor  air,  and  no  refrigeration  is 
turned  on  until  the  possibilities  of  natural  cooling  are  exhausted.  So  long 
as  the  wet-bulb  temperature  outside  is  lower  than  that  inside  the  more 
outdoor  air  used  during  the  cooling  cycle,  the  lower  the  operating  cost. 
However,  as  soon  as  the  wet-bulb  temperature  of  the  outdoor  air  exceeds 
that  inside,  its  use  should  be  reduced  to  the  minimum.  This  is  done 
automatically  by  the  conditions  of  the  outdoor  air  as  sensed  by: 

1.  A  wet-bulb  thermostat. 

2.  A  dry-bulb  thermostat  readjusted  by  a  hurnidlstat  to  produce  operation  ap- 
proaching wet-bulb  control. 

3.  A  dry-bulb  thermostat  and  a  humidistat  working  together,  either  one  of  which 
may  throw  the  dampers  to  recirculating  position. 

4.  A  dry-bulb  thermostat,  alone. 

These  items  are  listed  in  order  of  importance,  from  a  theoretical  stand- 
point, but  practical  considerations  reverse  the  order.  A  wet-bulb  ther- 
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mostat  must  be  removed,  or  protected  from  damage,  in  sub-freezing 
weather.  A  dry-bulb  thermostat  is  the  most  dependable  under  all  con- 
ditions, and  is  generally  sufficient  for  small  installations.  However,  the 
considerably  greater  economy  of  wet-bulb  or  similar  control  justifies  its 
use  for  the  larger  installations. 

Limit  Controls.  There  are  certain  limiting  devices  which  are  not  con- 
cerned primarily  with  final  room  conditions  but  are  necessary  safety 
features.  High  and  low  limits  for  refrigeration  pressures  are  described 
under  Control  of  Refrigeration  Equipment.  Limit  temperature  controls 
are  often  used  at  heating  coils  exposed  to  sub-freezing  air,  to  prevent 
freezing  the  coedensate.  Where  there  is  danger  of  lack  of  steam  pressure, 
a  thermostat  should  be  placed  in  the  system  to  stop  the  fan  or  close  the 
outdoor  air  damper  when  heat  is  not  available. 

The  tempered  air  thermostat  described  under  the  Heating  Cycle, 
serves  as  a  low  limit  for  air  introduced  in  winter.  When  cold  outside  air 
is  used  for  cooling,  this  .same  thermostat  is  used  to  restrict  the  amount, 
while  inside  conditions  call  for  full  cooling.  A  low  limit  fan  discharge 
thermostat  is  sometimes  operated  in  conjunction  with  the  refrigerating 
cycle,  although  this  is  usually  unnecessary. 

A  thermostat  can  also  be  placed  in  the  fan  discharge  to  stop  the  fan  in 
case  of  fire.  The  maximum  temperature  setting  is  often  determined  by 
local  regulations,  but  the  most  protection  comes  from  the  lowest  feasible 
setting  and  a  point  is  recommended  only  a  few  degrees  higher  than  the 
highest  temperature  of  normal  operation.  Safety  measures  to  prevent 
gravity  as  well  as  forced  flow  of  air,  in  case  of  fire,  often  require  various 
dampers  throughout  the  fan  distribution  system  to  be  closed  by  fusible 
links  or  by  thermostats. 

Stalk  Pressure  Centre! 

As  described  and  Illustrated  in  Chapter  30,  the  discharge  of  air  through 
outlets  must  be  carefully  studied  for  proper  results.  Control  systems  that 
defend  upon  varying  the  air  quantities  are  apt  to  upset  the  design  con- 
ditions, Even  where  the  dampers  are  located  so  as  to  maintain  proper 
outlet  velocities,  as  well  as  possible,  by  closing  off  portions  of  the  grilles, 
there  Is  a  general  increase  in  static  pressures  when  most  of  the  dampers 
their  minimum  positions.  This  tends  to  defeat  the  operation  of  the 
damper  and  magnify  the  danger  of  noise. 

Air  filters,  commonly  used  in  central  fan  systems,  vary  the  operating 
static  pressure  in  two  ways.  Reduction  of  air  quantity  tends  to  reduce 
the  static  drop  through  them  as  through  al!  other  resistances  to  air  flow, 
but  mcctimuktion  of  dust  increases  this  static  drop.  Thus  filters  add  to 
the  need  for  static  pressure  control. 

This  control  |  consists  generally  erf  a  device  operating  one  or  more 
djaapers.  If  liters  are  not  used  and  the  only  function  of  the  controller 
is  to  high  pressures  caused  by  reduction  in  amounts  of  air  delivered, 

the  dampers  may  be  In  the  side  of  the  main  duct  downstream  from  the  fan, 
and  arranged  for  opening  enough  to  relieve  the  excess  pressure.  In  this 
if  the  is  of  the  differential  typet  affected  by  ambient 

poci^iiwt  owe  mutt  be  used  to  ptwent  distortion  due  to  slight  building 
up  of  pwswts  in  the  mom  outside  the  duct. 
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Whether  or  not  filters  are  usedf  dampers  may  be  installed  across  the 
area  of  the  duct  on  either  side  of  the  fan.  One  type  Is  of  special  design 
for  attachment  to  the  fan  intake.  Closing  such  dampers  reduces  the 
pressure  In  the  distribution  ducts.  When  filters  are  used,  the  systems 
may  be  designed  for  operation  with  the  dampers  partially  closed  while  the 
filters  are  clean,  so  the  pressure  controller  can  automatically  open  them  to 
correct  for  the  gradually  increasing  resistance  caused  by  dust  accumu- 
lation. 

Air  distribution  systems  designed  for  high  velocities  and  consequent 

high  pressure  drops  are  not  entirely  corrected  for  action  of  volume 
dampers  by  static  pressure  control  at  the  fan,  because  varying  pressure 
drops  through  the  ducts  follow  changes  in  quantities  of  air  delivered. 
Therefore,  where  relatively  constant  pressures  are  important  it  may  be 
necessary  to  use  controllers  at  several  carefully  selected  points. 

Back  pressure  dampers,  commonly  used  to  prevent  down  drafts  through 
vent  flues,  may  be  employed  to  relieve  objectionable  pressures  In  rooms 
or  other  spaces,  under  certain  conditions. 

UNIT  SYSTEMS 

A  unit  system  provides  for  the  same  functions  as  a  central  fan  system 
except  that  the  actual  conditioning  is  usually  done  within  the  space  being 
conditioned  instead  of  at  some  central  location  outside  of  the  space. 
The  automatic  control  problems,  therefore,  become  exactly  the  same  as 
for  central  fan  conditioning  systems  except  that  compactness,  ease  of 
installation  and  control  cost  often  assume  somewhat  more  Importance. 

Because  of  the  usual  segregated  location  of  unit  equipment  throughout 
a  building  and  Its  consequent  lack  of  competent  supervision,  complete 
automatic  control  Is  essential  to  Its  satisfactory  operation. 

Unit  Heaters 

In  its  simplest  form,  unit  heater  control  consists  of  a  room  thermostat 
to  start  the  unit  heater  motor  when  heat  is  required  and  shut  It  off  when 
the  demand  is  satisfied.  With  this  limited  control,  it  Is  possible  In  some 
instances  that,  with  no  steam  available  at  the  heater,  the  operation  of  the 
fan  would  cause  objectionable  drafts.  To  avoid  this,  limit  controls  are 
available  which  will  prevent  the  operation  of  the  fan  at  the  command  of 
the  room  thermostat  except  when  steam  Is  available,  as  determined  by 
the  temperature  of  the  steam  or  return  pipe  or  the  pressure  of  the  steam 
supply. 

Where  several  unit  heaters  serve  a  limited  area,  they  may  be  grouped 
for  purposes  of  automatic  control,  and  several  heaters  placed  in  operation 
at  the  command  of  one  thermostat.  By  properly  grouping  the  units 
which  will  operate  together,  the  benefit  of  zone  control  can  often  be 
obtained  with  a  minimum  of  control  equipment.  Where  such  group 
operation  is  utilized,  the  thermostat  and  limit  control  usually  function 
through  a  relay,  as  the  combined  load  of  the  several  motors  may  exceed 
the  current  capacity  of  the  thermostatlc  control  device. 

IE  some  cases  where  cold  drafts  will  not  result,  it  is  desirable  to  operate 
the  unit  heaters  contieiiously  for  circulation  of  air.  In  such  Instances  the 
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room  thermostat  regulates  the  supply  of  steam  to  the  unit  through  a 
control  valve  in  the  steam  supply  line  and  the  unit  heater  motor  operation 
is  manually  controlled. 

Unit  heaters  equipped  with  dampers  arranged  for  by-passing  air  around 
the  heating  coils  are  controlled  by  room  thermostats  operating  modu- 
lating damper  motors  attached  to  these  dampers  so  that  as  the  tempera- 
tures rise,  a  decreasing  amount  of  air  is  heated.  When  the  by-pass  is 
wide  open  the  heating  effect  is  so  much  reduced  that  control  of  the  steam 
supplied  to  the  coil  is  not  generally  important.  If  valve  control  is  added, 
the  throttling  of  the  steam  may  be  concurrent  with,  or  subsequent  to, 
the  opening  of  the  by-pass. 

Cooling  Units 

The  recommended  form  of  temperature  control  for  a  cooling  unit  con- 
templates the  continuous  operation  of  the  fan,  with  automatic  regulation 
of  the  compressor  or  cooling  coil,  or  both,  as  determined  by  a  thermostat 
in  the  room,  or  in  the  return  air  to  the  cooling  unit.  Such  operation 
insures  continuous  circulation  of  air  in  the  room,  and  in  addition  to 
providing  the  cooling  effect  of  moving  air,  overcomes  the  tendency  of  the 
air  to  stratify.  As  the  temperature  begins  to  rise,  the  controller  opens  the 
valve  to  a  cold  water  cooling  coil,  or  for  direct  expansion  coils,  opens  a 
valve  in  the  refrigerant  line,  closes  a  by-pass  around  the  coil  or  starts 
a  compressor. 

Cooling  units  may  also  be  controlled  by  arranging  the  room  thermostats 
to  start  and  stop  the  fan  motors  or  by  a  combination  of  motor  and 
refrigerant  control. 

Unit  Ventilators 

There  are  various  types  of  unit  ventilators  available  but  in  general  all 
types  are  designed  to  draw  air  from  the  outside  or  to  mix  outside  and 
nerirculated  air,  heat  it  and  introduce  it  into  the  room  under  control  of  a 
thermostat. 

The  design  of  unit  ventilators  has  to  an  extent  been  based  on  the 
requirements  for  automatic  temperature  control  and  the  cycles  of  control 

have  been  developed  to  include  other  heating  devices  in  the  rooms  with 
unit  ventilators.  Unit  ventilators  are  frequently  used  in  schools  and 
other  types  of  buildings  where  many  states  have  laws  or  regulations 
governing  the  minimum  amount  of  ventilation  to  be  provided.  The  con- 
trol of  the  amount  of  outdoor  and  recirculated  air  is  designed  to  conform 
to  the  various  laws.  Usually  the  device  circulates  a  constant  amount  of 
air  and  the  amount  automatically  taken  in  from  outdoors  is  controlled 
in  of  these  ways: 

L  Fill  recirctilatioa  until  the  mom  temperature  readies  a  certain  point,  generally 

the  desired  room  temperature;  then  a  minimum  amount  of  outdoor 

ur  far  ventilation  while  the  temperature  is  maintained  by  throttling  steam  j  and  if  the 

temperature  rises  with  mil  steam  shut  off,  the  gradual  increase  in  amount  of  out- 

air  up  to  100  per  cent. 

2.  Full  recirwktwi  the  room  reaches  a  set  point  below  room  temperature, 

alter  all  JEW  in  taken          outside. 

1  Gravity  redrculatkn  the  fun  motor  is  not  running,  with  full  outside  air  as 

as  the  mm  starts,  obtained  by  a  relay  in  the  motor  circuit. 
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4.  Full  recirculatipn  or  all  outdoor  air  as  determined  by  a  manual  switch  which  can 
be  operated  at  any  time  whether  or  not  the  Ian  is  running."  AH  the  unit  ventilators  in  a 
single  building  may  be  operated  by  one  or  many  switches. 

With  arrangements  1  or  2,  It  is  desirable  to  include  a  relay  to  prevent 
the  intake  dampers  from  opening  while  the  fan  is  not  running,  regardless 
of  room  temperatures.  With  a  dual  system  of  control  this  is  essential  to 
prevent  the  thermostat  keeping  the  outside  damper  open  until  the  tem- 
perature falls  to  the  reduced  setting. 

The  intake  and  recirculated  air  quantities  are  determined  by  a  single 
damper  or  by  a  pair  of  dampers  working  together,  and  operated  by  a 
damper  motor.  Although  this  affects  the  temperature  of  the  air  delivered, 
the  main  heat  control  comes  from  the  throttling  of  the  steam  supplied  to 
the  heating  coil,  with  or  without  by-pass  damper  control.  To  prevent 
air  being  delivered  at  too  low  a  temperature,  a  low  limit  thermostat  is 
commonly  installed  in  the  air  stream  and  set  at  some  point  between  55 
and  70  F.  The  lower  settings  may  cause  discomfort,  the  higher  ones 
overheating,  depending  on  circumstances.  The  air  stream  thermostat 
can  be  used  to  turn  on  steam,  reduce  the  amount  of  outside  air,  or  both. 

Rooms  with  unit  ventilators  frequently  have  auxiliary  heating  devices, 
such  as  direct  radiators,  convectors  or  unit  heaters,  all  under  control  of  a 
single  room  thermostat.  A  common  control  cycle  for  such  rooms  is  com- 
posed of  the  following  functions,  assuming  that  72  F  is  the  desired 
temperature: 

1.  Below  70  F  the  unit  ventilator  intake  damper  is  in  full  recirculating  position  and 
all  heat  is  turned  on. 

2.  At  70  F  the  intake  damper  moves  to  a  position  that  will  admit  a  predetermined 
minimum  amount  of  air  from  outdoors. 

3.  At  71  F  the  auxiliary  heating  devices  are  shut  off. 

4.  From  71  to  72.5  F,  the  heating  effect  of  the  unit  ventilator  is  throttled. 

5.  From  72.5  to  74  F,  the  intake  damper  is  gradually  moved  to  increase  the  amount  of 
outside  air  from  the  set  minimum  to  100  per  cent. 

6.  If  the  room  thermostat  calls  for  top  much  cooling,  the  air  stream  thermostat  holds 
the  delivery  temperature  at  a  proper  minimum. 

Other  similar  cycles  may  be  used.  One  additional  feature  is  the  use  of 
an  air  stream  thermostat  that  has  Its  control  point  reset  by  the  room 
thermostat.  Then  as  the  room  temperature  rises,  the  delivery  tempera- 
ture is  gradually  reduced  from  a  maximum  to  a  minimum. 

All  Year  Conditioning  Units 

It  is  desirable  to  provide  for  automatic  change-over  between  the  heating 

and  cooling  cycles  in  the  control  system  for  all  year  conditioning  units 
because  of  the  probable  necessity  of  a  change  several  times  a  year.  In 
the  fall  season  a  period  requiring  cooling  often  follows  one  requiring 
heating,  and  the  reverse  is  true  in  the  spring.  The  automatic  change-over 
is  ^especially  valuable  where  a  large  number  of  units  is  used. 

A  control  system  for  an  all  year  conditioning  unit  providing  for  the 
automatic  change-over  is  shown  in  Fig.  7.  Operation  of  the  control 
equipment  is  as  follows: 

1.  During  the  Heating  Cycle.  Combination  controller  J\  measures  the 
temperature  in  the  space  being  conditioned  and  opens  control  valve  F3 
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so  as  to  admit  steam  to  the  heating  coil  whenever  heat  is  required  so  as  to 
maintain  a  fixed  temperature  in  the  space.  Combination  controller  TI 
also  measures  the  relative  humidity  in  the  conditioned  space  and  opens 
control  valve  V\  so  as  to  admit  water  to  the  sprays  whenever  moisture  is 
required  in  the  space. 

2.  During  the  Coaling  Cycle.  Combination  controller  T%  measures  the 
temperature  and  humidity  in  the  conditioned  space  and  opens  refrigerant 
control  valve  TI,  thereby  admitting  refrigerant  to  the  cooling  coil  when- 
ever cooling  Is  required  to  maintain  the  temperature  or  relative  humidity 
within  predetermined  maximum  limits. 

The  temperature  control  point  of  controller  TI  must  be  set  at  a  lower 
point  than  that  of  controller  Ti  in  order  to  provide  for  the  automatic 
change-over  between  the  cooling  and  heating  cycles.  As  an  example, 
controller  TI  might  be  set  at  72  F  and  35  per  cent  and  T*  at  76  F  and 
60  per  cent.  As  the  room  conditions  rise  above  the  settings  of  TI,  the 


FIG,  7.   ALL  YEAE  An  CONDITIONING  UNIT  WITH  COMPLETE  AUTOMATIC  CONTROL 

heat  and  humidification  are  shut  off  and  when  they  rise  above  the  settings 
of  Ft  the  cooling  and  dehumidification  are  turned  on. 

CONTROL  OF  AUTOMATIC  FUEL  APPLIANCES 

It  is  essential  that  automatic  controls  be  used  with  oil  burners,  gas 

burners,  and  stokers  in  order  to  maintain  even  temperatures  and  provide 

•safe  and  economical  operation  of  the  heating  plant.    There  are  many 

types  of  burners  and  many  types  of  automatic  control,  and  it  is  essential 

the  proper  type  of  control  equipment  be  selected  to  fulfill  the  require- 

of  the  burner  equipment  and  its  application. 

Combustion  regulation  equipment  should  be  used  oe  the  larger  com- 

and  Industrial  applications  to  'Control  the  secondary  air  supply  and 

thereby  provide  for  economical  operation.     This  type  of  control  will 

usually  consist  of  a  pressure  regulator  which  measures  and  controls  the 

over  the  ire  and  which  thereby  indirectly  regulates  the  carbon 

percentage  in  the  iue  gas. 

On  all  automatically^^  steam  boilers  it  is  advisable  to  provide 
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control^  equipment  which  will  stop  the  supply  of  fuel  in  case  the  boiler 
water  line  falls  below  a  predetermined  level  of  safety. 

For  hot  water  and  warm  air  systems,  control  devices  can  be  arranged 
to  vary  the  water  and  air  temperatures  from  outdoor  thermostats.  As 
the  weather  moderates,  lower  temperatures  are  maintained.  Inside 
thermostats  are  usually  installed  to  correct  any  improper  results  from  the 
outside  controls. 

Thermostats  used  to  control  automatic  fuel  appliances  may  be  supplied 
with  clock  mechanisms  which  will  automatically  shut  off  the  heat  or 
maintain  lower  temperatures  during  night  hours  for  economy  of  fuel. 
For  buildings  that  are  not  used  every  day  of  the  week,  clocks  may  be 
supplied  to  provide  night  conditions  from  Saturday  noon  or  night  to 
Monday  morning. 

Oil  Burner  Controls 

In  the  normal  oil  burner  installation  as  encountered  In  residential  and 
small  commercial  installations,  the  burner  operation  is  frequently  regu- 
lated by  electric  controls  and  primarily  governed  by  a  room  thermostat. 
It  is  essential  that  a  limiting  control  be  incorporated  in  the  control  system 
to  prevent  the  temperature  of  the  heating  medium  from  exceeding  any 
predetermined  safe  maximum.  The  type  of  limit  control  selected  will 
depend  on  the  type  of  the  heating  system.  In  a  warm  air  furnace  instal- 
lation, a  limit  control  would  be  used,  reacting  to  the  temperature  of  the 
heated  air  in  the  bonnet  of  the  furnace;  in  a  hot  water  system  a  control 
reacting  to  the  temperature  of  the  water  in  the  boiler;  and  in  a  steam 
system  a  control  reacting  to  the  pressure  of  the  steam  in  the  boiler. 

In  addition  to  the  normal  control  of  the  burner  from  the  room  ther- 
mostat and  limit  control,  it  is  necessary  that  a  combustion  safety  device 
be  used  to  prevent  operation  of  the  burner  under  hazardous  conditions. 
The  oil  fire  is  automatically  ignited  by  means  of  gas,  electric  spark  or 
incandescent  element  and  the  combustion  safety  control  acting  through  a 
sequence  device  permits  the  burner  operation  only  when  the  fire  is  prop- 
erly established  as  the  burner  starts  up.  A  further  function  of  the  com- 
bustion safety  control  is  to  react  to  any  major  disturbance  in  the  flame 
during  the  running  operation,  shutting  down  the  burner  and  preventing 
the  discharge  of  unbumed  fuel  if  for  any  reason  the  flame  is  extinguished. 

Gas  Burner  Controls 

In  the  case  of  the  domestic  burner,  full  automatic  operation  is  the 
normal  requirement  and  the  burner  is  started  and  stopped  at  the  com- 
mand of  a  room  thermostat  which,  in  turn,  opens  and  closes  a  control 
valve  In  the  gas  supply  line.  Modulating  controls  and  controls  providing 
a  high  and  low  fire  are  also  available  for  gas  burners.  For  purposes  of 
preventing  abnormally  high  temperatures  in  the  bonnet  of  gas-fired 
furnaces  or  In  the  temperature  of  the  water  in  gas-fired  hot  water  heating 
boilers  or  excessive  pressures  in  gas-fired  steam  boilers,  temperature  and 
pressure  limit  controls  are  used.  Ignition  is  normally  secured  through  the 
use  erf  a  gas  pilot  flame  and  a  'safety  device  is  provided,  utilizing  the  heat 
of  the  plot  flame  in  such  a  manner  that  if  the  pilot  light  is  extinguished 
for  any  reason,  the  main  gas  valve  cannot  be  opened.  For  satirfactaiy 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

and  economical  operation,  all  automatically-fired  gas  burners  should  be 
equipped  with  pressure  regulators  on  the  gas  supply  line. 

Stoker  Controls 

Domestic  stokers  are  normally  placed  under  command  of  a  room 
thermostat  for  primary  operation  subject  also  to  the  command  of  a  limit 
control  to  prevent  their  operation  when  conditions  in  the  boiler  or  furnace 
exceed  predetermined  safe  maximums.  Utilizing  coal  as^fuel,  automatic 
ignition  is  not  provided  and  the  stokers,  once  ignited,  maintain  their  fire, 
merely  changing  the  rate  of  combustion  by  changing  the  draft  and  the 
rate  at  which  the  coal  is  fed.  Thus,  at  the  command  of  the  room  ther- 
mostat the  stoker  motor  is  started,  driving  a  forced  draft  fan  and  fuel 
feeding  mechanism.  The  rate  of  combustion  is  thus  increased  and  this 
operation  continues  until  the  thermostat  has  been  satisfied  when  the 
motor  is  stopped  and  the  fuel  in  the  combustion  chamber  continues  to 
burn  at  a  slow  rate  with  reduced  draft. 

At  certain  seasons  of  the  year,  the  operation  of  the  stoker  under  ^ the 
requirements  of  the  thermostat  may  be  so  infrequent  that  there  is  a 
possibility  of  the  fuel  in  the  combustion  chamber  burning  out  or  the  fire 
going  out  between  operations.  To  prevent  this  occurrence,  automatic 
controls  may  be  utilized  to  operate  the  stoker  independently  of  ther- 
mostat requirements,  sufficiently  to  sustain  the  fire  either^  through  a 
timing  device  functioning  for  short  periods  at  predetermined  intervals  or 
through  a  temperature  control  device  reacting  to  minimum  stack  or 
boiler  temperatures.  Control  may  also  be  utilized  to  prevent  stoker 
operation  and  the  delivery  of  coal  into  the  combustion  chamber  in  the 
event  that  the  fire  has  gone  completely  out.  This  control  is  governed 
normally  by  the  stack  temperature  and  shuts  down  the  stoker  after  a 
predetermined  minimum  stack  temperature  is  reached. 

RESIDENTIAL  CONTROL  SYSTEMS 

The  control  installation  in  a  residence  may  vary  from  the  simple 
regulation  of  a  coal-fired  heating  plant  to  the  completely  automatic  all 
year  air  conditioning  system.  Residential  installations  with  automatic 
fuel  burning  appliances,  such  as  oil  burners,  gas  burners  or  stokers,  are 
normally  equipped  with  single  room  thermostat,  limit  and  safety  controls 
as  outlined  previously  under  Control  of  Automatic  Fuel  Appliances. 

Coal-Fired  Heating  Plant 

Control  in  the  normal  coal-fired  domestic  heating  plant  consists  of 
regulating  the  combustion  rate  in  accordance  with  requirements.  This 
function  is  accomplished  by  a  spring  or  electric-driven  damper  motor 
which,  under  the  command  of  a  room  thermostat  and  through  chain 
linkage,  operates  the  draft  and  check  dampers  of  a  boiler  or  warm  air 
furnace,  Such  installation  should  be  protected  against  excessive  tem- 
perature or  pressure  by  means  of  a  limit  control  serving  to  check  the  fire 
when  conditions  at  the  boiler  or  furnace  reach  a  predetermined  maximum, 

All  Year  Domestic  Hot  Water  Supply 

Hot  water  or  steam  heating  boilers  with  automatic  fuel  burning  ap- 
pliances can  be  used  for  all  year  heating  of  domestic  water  supply.  The 
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fuel  burning  appliance  in  this  case  is  controlled  from  the  temperature  of 
water  or  pressure  of  steam  in  the  boiler  to  maintain  uniform  boiler  con- 
ditions and  domestic  hot  water  is  heated  by  means  of  an  indirect  heater. 
The  heating  of  the  residence  is  normally  governed  by  means  of  a  ther- 
mostat which  operates  a  control  valve  in  the  flow  line  of  a  gravity  hot 
water  or  a  steam  system. 

Air  Conditioning  Systems 

Residential  air  conditioning  systems  normally  include  a  heating  source 
and  a  motor-driven  fan  for  circulating  air.  In  addition,  such  installations 
may  involve  spray-head  equipment  to  supply  humidity.  Such  instal- 
lations distribute  suitably  heated  and  humidified  air  during  the  heating 
cycle,  and  during  the  summer  or  cooling  cycle  may  be  used  effectively  as 
conditioners  if  equipped  with  refrigeration  means. 

Regulation  of  the  humidity  during  the  heating  cycle  is  normally  accom- 
plished by  opening  and  closing  a  solenoid  water  valve  supplying  water  to 
the  spray-heads,  the  solenoid  valve  being  under  control  of  a  room  type 
humidity  control.  In  the  average  installation  the  fan  is  permitted  to  run 
only  during  such  intervals  as  the  thermostat  is  calling  for  heat  or  at  the 
command  of  a  limit  control  to  prevent  the  overheating  of  the  bonnet  of  a 
warm  air  furnace.  The  limit  control  should  also  prevent  the  operation  of 
the  fan  at  the  command  of  the  thermostat  until  the  circulating  air  tem- 
perature has  increased  to  a  predetermined  point. 

For  the  cooling  equipment  provided  in  such  installations,  control 
during  the  cooling  cycle  will  be  an  adaptation  of  the  control  principles 
described  for  central  fan  systems  selected  for  the  type  of  cooling  equip- 
ment utilized. 

The  selection  of  automatic  control  equipment  for  residential  air  con- 
ditioning systems  is  just  as  important  as  for  commercial  installations. 
Fewer  controls  are  generally  used  and  systems  are  usually  less  com- 
plicated except  in  the  case  of  a  very  large  residence  installation  when  the 
control  system  may  become  as  complete  as  the  commercial  installation. 

CONTROL  OF  REFRIGERATION  EQUIPMENT 

The  most  common  means  of  providing  cooling  for  air  conditioning  may 
be  divided  into  four  general  classifications  as  follows : 

Compressor  Type  Refrigeration 

Refrigeration  compressors  may  furnish  refrigerant  to  direct  expansion 
cooling  coils  through  which  air  is  being  passed,  or  to  coils  in  cooling  tanks 
through  which  water  is  passed  which  is  then  pumped  to  air  washers  or 
cooling  coils  through  which  the  air  is  passed. 

In  either  case  the  compressor  motor  may  be  started  and  stopped  in 
order  to  meet  the  demand  for  refrigeration  or  a  pressure  controller  may  be 
used  to  regulate  the  low  side  or  suction  pressure  of  the  compressor.  When 
the  latter  method  is  used,  the  flow  of  refrigerant  to  cooling  coils  may  be 
regulated  by  the  opening  and  closing  of  a  solenoid  refrigerant  valve  at  the 
command  of  a  temperature  controller  or  thermostat. 

A  high  pressure  cutout  as  an  individual  unit  or  in  combination  with: 
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either  a  temperature  or  pressure  controller  provides  a  safety  feature 
against  excessive  pressures  on  the  high  side  of  the  compressor. 

Many  compressors  may  be  unloaded  by  instruments  sensing  room  or 
duct  conditions,  or  by  refrigerant  pressures,  thus  reducing  the  frequency 
of  starting  and  stopping.  If  two  or  more  compressors  are^used  for  a 
single  cooling  system,  step  controllers  are  used  to  start  them  in  sequence 
at  intervals  of  a  few  seconds  to  avoid  the  large  momentary  electric  input 
that  simultaneous  starting  would  demand. 

When  condensers  are  water  cooled,  thermostat^  control  to  vary  the 
quantity  of  water  is  needed  for  economical  operation.  Mechanical  air 
condensers  may  be  started  and  stopped  with  temperature  demands. 

Chilled  water  may  be  stored  in  tanks  at  temperatures  slightly  lower 
than  required  for  air  cooling  coils.  The  control  of  temperature  for  the 
water  distribution  system  is  as  described  for  Ice  Cooling. 

Ice  Cooling 

When  ice  is  used  for  the  cooling  or  dehumidification  of  air,  it  is  usually 
placed  in  bunkers  and  water  is  sprayed  over  it.  This  water,  after  being 
cooled,  may  be  used  in  air  washers  or  surface  cooling  coils  and  is  usually 
returned  to  the  bunker  for  additional  cooling  after  being  used. 

Control  of  the  water  temperature  leaving  the  cold  water  tank  may  be 
maintained  by  a  temperature  controller,  which  measures  the  temperature 
of  the  water  in  the  tank  and  modulates  a  control  valve  in  a  by-pass  which 
permits  a  portion  of  the  return  water  to  return  directly  to  the  tank 
instead  of  passing  through  the  sprays. 

Vacuum  Refrigeration 

A  vacuum  refrigerating  system  consists  of  an  evaporator,  compressor, 
condenser  and  auxiliaries.  The  refrigerant  used  is  water,  and  water 
vapor  (steam)  is  the  power  medium. 

Water  which  has  been  passed  through  an  air  washer  or  cooling  coil  is 
sprayed  directly  into  the  evaporator  or  water  cooler  where  it  is  cooled  by 
its  own  evaporation.  A  condenser  is  attached  directly  to  the  compressor 
discharge  and  its  function  is  to  recondense  the  water  vapor  drawn  from 
the  evaporator,  plus  the  steam  which  supplies  the  energy  for  compression. 

The  temperature  of  the  cold  water  leaving  the  flash  chamber  should  be 
measured  by  a  temperature  controller  which  will  in  turn  operate  a  two- 
position  or  positive-control  valve  installed  in  the  steam  line  to  the  jet  so 
as  to  permit  steam  to  flow  only  when  cooling  is  required.  If  city  water  is 
Used  in  the  condenser,  the  amount  of  water  should  be  modulated  according 
to  the  demand  as  measured  at  the  condenser  outlet  by  means  of  a  tem- 
perature controller  and  control  valve. 

Refrigeration  by  Well  Water 

When  well  water  is  available  in  sufficient  quantities  at  low  temperatures 
during  the  cooling  season,  it  may  be  pumped  directly  to  air  washers  or 
Cooling  coils.  Control  is  usually  effected  through  control  valves  on  the 
water  supply  to  the  cooling  unit  actuated  by  temperature  or  humidity 
controllers,  or  both,  located  either  at  the  outlet  of  the  conditioner  or  in 
thb  conditioned  space.  ,  : 
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Chapter  34 

INSTRUMENTS  AND  TEST  METHODS 

Temperature  Measurement,  Pressure  Measurement,  Measure- 
ment of  Air  Movement,  Air  Change  Measurements,  Meas- 
urement of  Relative  Humidity,  Dust  Determination,  Heat 
Transfer  Through  Building  Materials,  Measurement  of  Heat 
Exchange  for  Comfort  Conditions,  Combustion  Analysis, 
Smoke  Density  Measurements,  Carbon  Monoxide  Measure- 
ments 

IN  previous  chapters,  data  from  many  tests  and  from  much  research 
on  various  divisions  of  heating,  ventilating  and  air  conditioning  have 
been  given.  References  have  also  been  cited  to  a  number  of  test  codes 
adopted  by  the  Society  for  the  testing  and  rating  of  various  types  of 
equipment.  This  chapter  presents  a  description  of  many  test  instru- 
ments, and  discusses  their  use. 

TEMPERATURE  MEASUREMENT 

Changes  in  the  intensity  of  heat  may  be  determined  by  several  methods 
such  as  measuring  the  change  in  volume  of  a  liquid,  the  change  in  internal 
pressure  of  a  confined  gas,  the  current  set-up  between  dissimilar  metals 
joined  in  a  circuit,  or  the  change  in  resistance  of  an  electrical  circuit. 

Thermometers 

The  most  common  method -used  is  the  change  in  volume  of  a  liquid 
such  as  mercury  or  alcohol  enclosed  in  glass.  Mercurial  thermometers 
may  be  used  for  measuring  temperatures  from  —  40  F  to  approximately 
1000  F.  The  lower  limit  is  set  by  the  freezing  point  of  mercury.  Since 
the  boiling  point  of  mercury  is  only  about  675  F,  the  space  above  the 
mercury  in  thermometers  designed  for  higher  temperatures  must  be  filled 
with  an  inert  gas  under  pressure.  Alcohol  thermometers  may  be  used 
for  temperatures  from  -94  F  to  +248  F. 

The  more  accurate  thermometers  are  individually  calibrated  and  have 
divisions  etched  on  the  stem.  The  two  most  common  reference  points 
are^  the  freezing  and  boiling  points  of  water.  On  the  Fahrenheit  scale, 
which  is  most  commonly  used  in  engineering  work,  there  are  180  divisions 
between  these  points.  On  the  Centigrade  scale  which  is  used  by  chemists 
and  physicists,  there  are  100  divisions  in  this  range.  The  temperature 
in  degrees  Fahrenheit  equals  9/B  of  the  temperature  in  degrees  Centi- 
grade, plus  32. 

For  permanent  installations,  glass  thermometers  are  often  protected 
by  metal  jackets  and  equipped  with  metal  scales.  Due  to  the  heat 
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capacity  and  heat  conductance  of  the  jacket,  it  is  more  difficult  to  obtain 
the  true  temperature  at  a  point  with  these  than  with  the  exposed  etched 
stem  type.  The  latter  is  usually  preferred  for  test  purposes.  Where  used 
to  measure  temperatures  in  a  duct,  it  may  be  inserted  through  a  cork  or 
rubber  plug.  Care  must  be  taken  to  locate  the  bulb  at  the  point  where 
the  temperature  is  desired  and  in  many  cases  several  must  be  used  to 
get  a  correct  average. 

Most  mercury  thermometers  are  calibrated  for  complete  stem  immer- 
sion. When  incompletely  immersed,  a  stem  correction  should  be  made 
for  the  most  accurate  determination.  At  ordinary  atmospheric  tem- 
peratures the  correction  is  negligibly  small,  but  it  usually  is  important 
when  measuring  high  temperatures  such  as  those  of  steam  and  flue  gas. 
The  emergent  stem  correction  may  be  calculated  by  the  following 
equation : 

K  -  0.00009  D  ft  -  fe)  (1) 

where 

K  =  correction  to  be  added,  degrees  Fahrenheit. 

D  =  number  of  degrees  on  the  thermometer  scale  which  are  not  immersed, 
/i  —  temperature  indicated  on  the  thermometer,  degrees  Fahrenheit, 
fc  =  temperature  of  the  non-immersed  mercury  column,  degrees  Fahrenheit. 
0.00009  =  difference  in  the  coefficient  of  expansion  of  the  mercury  and  glass. 

In  some  cases,  thermometers  are  calibrated  for  a  certain  depth  of 
immersion  indicated  by  an  etched  mark  on  the  stem.  Should  such  a 
thermometer  be  used  for  full  immersion,  a  negative  stem  correction  would 
be  in  order.  In  selecting  a  set  of  thermometers  for  a  test,  it  is  well  to 
compare  the  group  by  immersion  in  a  common  bath  and  note  variations. 
The  more  accurate  ones  can  thus  be  selected  for  the  more  important 
positions.  The  interchanging  of  thermometers  at  inlet  and  outlet  tends 
to  cancel  variations  and  therefore  may  result  in  greater  accuracy.  In 
extreme  cases  of  small  temperature  differences  involving  large  quantities 
of  heat,  it  may  be  advisable  to  use  thermometers  graduated  in  tenths  of 
degrees  and  mount  magnifying  glasses  on  them  for  accurate  reading. 

Since  the  bulb  has  considerable  area,  radiant  energy  may  affect  tem- 
perature readings1.  In  measuring  room  temperatures,  care  must  be 
taken  to  locate  thermometers  away  from  hot  surfaces  such  as  radiators 
or  cold  surfaces  such  as  walls  or  windows.  Where  this  is  impractical, 
shields  should  be  used  to  screen  the  bulb  from  the  radiant  energy. 

Thermocouple 

When  two  dissimilar  metals  are  joined  at  two  points  and  a  temperature 
difference  exists  between  these  junctions,  an  electromotive  force  will  be 
developed.  Its  magnitude  depends  upon  the  metals  used  and  the  tem- 
perature difference  of  the  two  junctions.  Often  the  cold  junction  is  kept 
at  32  F  by  immersion  in  an  ice  bath.  In  other  instances,  a  higher  tem- 
perature such  as  that  of  the  atmosphere  is  used  for  this  junction.  By 
proper  selection  of  metals,  any  temperature  up  to  2900  F  may  be  meas- 

v  iS.rr?rVn  the  Measurement  of  the  Temperature  of  Flue  Gases,  by  P.  Nicholls  and  W.  E.  Rice 
<A.S.H.V.E.  TRANSACTIONS,  Vol.  35,  1929,  p.  473). 
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ured.  Readings  are  obtained  by  means  of  a  potentiometer  or  sensitive 
galvanometer  which  may  be  calibrated  directly  in  degrees.  A  potentio- 
meter balances  the  electromotive  force  against  a  known  electromotive 
force  with  no  current  flowing,  hence  this  method  is  independent  of  length 
and  variations  in  resistance  of  leads.  Calibration  of  thermocouples  for 
high^  temperatures  may  be  made  against  known  melting  points  of  metals. 
Radiation  effects  may  be  minimized  by  using  the  smallest  size  of  wires 
consistent  with  mechanical  strength.  The  use  of  small  wires  also  makes 
the  thermocouple  sensitive  to  minute  fluctuations  in  temperature. 

Other  advantages  of  thermocouples  are :  they  are  readable  at  remote 
points,  they  may  easily  and  accurately  be  made  recording,  and  an  average 
temperature  may  be  obtained  readily  by  connecting  many  couples 
together  in  series. 

Resistance  thermometers  depend  for  their  operation  upon  the  change  of 
resistance  of  wire  with  change  in  temperature.  Their  use  largely  parallels 
that  of  thermocouples.  Various  metals  may  be  used  and  the  range  is 
about  the  same  as  for  thermocouples. 

For  measuring  high  temperatures,  such  as  in  furnaces,  pyrometers  are 
often  used.  Radiation  pyrometers  concentrate  the  radiant  energy  on  a 
thermopile,  and  the  reading  is  obtained  on  a  galvanometer  or  potentio- 
meter. Optical  pyrometers  match  a  narrow  spectral  band,  usually  red, 
emitted  by  the  object  with  that  from  a  standard  electric  lamp  supplied 
with  electric  current. 

PRESSURE  MEASUREMENT 
Barometer 

The  most  accurate  barometer  for  determining  the  atmospheric  pressure 
is  the  mercurial  type,  consisting  of  a  tube  over  30  in.  long  closed  at  the 
top  and  standing  in  a  mercury  well.  The  barometric  pressure  is  expressed 
as  the  height  of  the  mercury  column  above  the  level  of  the  mercury  in  the 
well.  Such  barometers  are  equipped  with  an  adjustment  to  compensate 
for  change  in  level  of  mercury  in  the  well.  The  reading  at  the  tube 
meniscus  is  obtained  on  a  vernier  scale.  When  extreme  accuracy  is 
required,  as  in  determining  the  thermodynamic  properties  of  vapors 
at  very  low  absolute  pressures,  corrections  for  the  variation  of  density 
of  the  mercury  column  with  temperature  should  be  made.  Standard 
density  of  mercury  is  taken  at  32  F  and  the  conversion  factor  from  inches 
of  mercury  to  pounds  per  square  inch  is  0.491. 

The  following  equation  may  be  used  to  make  corrections  for  tempera- 
ture variations  from  32  F  for  mercury  columns : 

h  =  hi  [1  -  0.000101  ft  -  32)]  (2) 

where 

h  =  corrected  column  at  32  F,  inches  mercury. 
hi  -  measured  height  of  the  column,  inches  mercury. 
t\  —  observed  temperature  of  the  column,  degrees  Fahrenheit. 

Standard  atmospheric  pressure  at  sea  level  is  29.921  in.  mercury. 
Since  normal  atmospheric  pressure  decreases  about  0.01  in.  mercury  for 
each  10  ft  increase  in  elevation,  it  is  important  to  make  a  correction  if  the 
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elevation  of  the  barometer  is  not  that  of  the  test  apparatus.  In  many 
cases  the  barometric  reading  may  be  obtained  from  a  nearby  weather 
bureau  station.  Inquiry  should  be  made  as  to  whether  the  value  is  as 
observed  or  corrected  to  sea  level. 

Atmospheric  pressure  may  also  be  measured  by  an  aneroid  barometer 
which  is  easily  portable.  In  this  type,  variations  in  atmospheric  pressure 
bend  the  thin  surface  of  a  box  or  tube  which  contains  a  reduced  pressure. 
The  aneroid  type  is  not  as  accurate  as  the  mercurial  and  needs  frequent 
calibration  against  one  of  the  latter  type. 

Most  of  the  pressure  gages  used  in  engineering  work  indicate  the 
difference  between  the  pressure  being  measured  and  the  atmospheric 
pressure.  Pressures  as  measured  are  called  gage  pressures.  Absolute 
pressure  may  be  obtained  by  adding  barometer  pressure  and  gage  pres- 
sure algebraically. 

Pressure  Cages 

The  Bourdon  type  gage  is  a  widely  used  device  for  measuring  pressures. 
The  Bourdon  tube  is  elliptical  in  cross-section  and  circular  in  form,  and 
is  connected  by  suitable  linkage  to  a  hand  which  moves  over  a  dial. 
An  increase  in  pressure  tends  to  straighten  the  tube  and  a  decrease  has 
the  opposite  effect.  When  used  with  high  temperature  steam,  the  tube 
must  be  protected  by  a  water  seal.  When  used  with  ammonia  it  must 
be  made  of  steel  or  other  material  not  attacked  by  this  substance.  When 
used  for  sub-atmospheric  pressure,  the  gage  is  known  as  a  vacuum  gage, 
and  is  usually  graduated  in  inches  of  mercury.  For  pressures  above 
atmospheric,  it  is  termed  a  pressure  gage  and  is  graduated  in  pounds 
per  square  inch.  Some  are  made  to  read  in  both  directions  and  are  termed 
compound  gages.  Calibration  is  usually  made  with  a  dead  weight  tester, 
consisting  of  a  platform  and  weights  resting  on  a  piston  floating  on  oil. 
From  the  area  of  the  piston  and  the  total  weight  resting  on  the  oil,  the 
pressure  at  all  points  in  the  fluid  is  determined.  Adjustments  are  pro- 
vided in  the  gage  linkage  to  make  necessary  corrections.  A  correction 
chart  may  also  be  made"  and  used  for  accurate  work, 

For  comparatively  low  gage  pressures  above  and  below  atmospheric, 
the  vertical  U  tube  is  a  simple  and  accurate  gage  and  is  often  used  for 
test  work  with  various  fluids  such  as  mercury,  water,  kerosene,  or  alcohol. 
Readings  may  be  in  inches  of  any  of  these  fluids. 

For  measuring  pressures  within  a  few  inches  of  water  of  atmospheric 
pressure,  U  gages  are  often  made  sloping  for  greater  magnification  of 
scale.  In  commercial  gages  of  this  type,  commonly  termed  draft  gages, 
only  one  tube  of  small  bore  is  used  and  the  other  leg  is  replaced  by  a 
reservoir.  Although  the  scale  is  calibrated  to  read  in  inches  of  water,  a 
fluid  having  the  density  and  characteristics  of  kerosene  is  often  used. 
It  is  important,  of  course,  to  use  a  fluid  having  the  same  gravity  as  that 
for  which  the  gage  was  originally  calibrated,  or  to  use  a  correction  chart 
with  some  other  fluid.  Such  gages  may  be  checked  one  against  another 
to  detect  errors  in  gravity  of  fluid.  For  more  accurate  calibration  the 
gage  may  be  checked  against  a  calibrating  device  working  on  the  U  gage 
principle  which  uses  hook  gages  and  a  micrometer  screw.  It  is  not  con- 
sidered desirable  to  use  a  slope  of  less  than  1  to  10  in  the  design  of  these 
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gages.  The  accuracy  of  a  draft  gage  is  very  dependent  on  the  slope  which 
is  usually  fixed  by  a  built-in  spirit  level.  If  one  side  of  a  U  gage  is  open 
to  the  atmosphere,  the  gage  indicates  pressure  above  or  below  atmos- 
pheric pressure.  If  both  sides  are  connected,  it  indicates  the  difference  in 
pressure  existing  between  the  two  points  of  connection. 

For  measuring  extremely  low  pressures  accurately,  very  sensitive 
micromanometers  of  several  types  are  available,  such  as  the  Chatelier, 
the  Illinois  or  Wahlen  and  the  Emswiler2'3.  Calibration  of  these  by  a 
hook  gage  is  impossible,  and  recourse  must  be  made  to  fundamental 
calculations  involving  gravity  of  fluids  and  the  principles  involved.  When 
proved  accurate,  a  micromanometer  is  very  useful  for  calibrating  draft 
or  slant  gages. 

MEASUREMENT  OF  AIR  MOVEMENT 

The  problem  of  measuring  air  movement  may  be  divided  into  three 
main  parts :  when  confined  in  ducts,  when  circulating  in  free  spaces,  and 
when  entering  or  leaving  such  space  through  openings  such  as  grilles. 
Other  gases  might  be  measured  by  the  same  methods,  but  emphasis  here 
will  be  on  air  measurements. 

For  determining  the  velocity,  and  therefore  the  volume  of  air  flowing 
in  a  duct,  such  as  in  the  test  of  a  fan  or  a  complete  ventilating  system, 
the  Pitot  tube  as  described  in  the  A.S.H.V.E.  Code4  is  probably  most 
often  used.  The  tube  is  a  double  tube  %>  in-  outside  diameter  with 
a  rounded  end  up-stream.  The  inner  tube  is  y%  in.  inside  diameter  at 
the  up-stream  end,  and  the  pressure  in  it  is  the  sum  of  the  velocity  pres- 
sure and  static  pressure  at  its  location  in  the  duct.  The  outer  tube, 
otherwise  sealed,  has  8  holes  0.04  in.  in  diameter  and  equally  spaced 
around  the  circumference,  and  located  eight  diameters  down-stream.  A 
connection  to  this  tube  gives  the  static  pressure.  If  both  tubes  are  con- 
nected to  opposite  ends  of  a  U  gage,  the  gage  indicates  velocity  pressure. 
At  low  velocities  the  resulting  pressure  head  is  so  low  that  it  becomes 
difficult  to  get  accurate  gage  readings.  The  velocities  used  in  many 
ducts  are  below  the  lower  limit  of  determination  with  gages  available. 
The  relation  between  velocity  and  velocity  pressure  may  be  used  to 
determine  the  range  of  gage  required. 


V  -  1096,2  W^.  (3) 

T 

w^ere 

F  =«  velocity,  feet  per  minute. 
/jv  =  velocity  pressure,  inches  of  water. 
d  =3  density  of  air,  pounds  per  cubic  foot. 

Air  flow  in  a  round  duct  is  seldom  uniform.    In  general,  the  velocity 
is  lowest  near  the  edges,  and  maximum  at  or  near  the  center.    In  order 


2  Illinois  Micromanometer  (University  of  Illinois,  Engineering  Experiment  Station  Bulletin  No.  120,  p.  91). 

*The  Weathertightness  of  Rolled  Steel  Windows,  by  J.  E.  Emawiler  and  W.  C,  Randall  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  34,,  1928,  p.  527), 

^Standard  Test  Code  for  Centrifugal  and  Axial  Fans,  Edition  of  1938.  See  also  Standard  Code  for  the 
Testing  of  Centrifugal  and  Disc  Fans  (A.S.H.V.E.  TRANSACTIONS,  Vol.  29,  1023,  p.  407;  Vol.  37,  1931, 
p.  363). 
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to  obtain  higher  velocities  and  more  uniform  flow  across  the  measuring 
section,  it  is  sometimes  possible  to  reduce  the  duct  to  a  smaller  cross 
section  at  the  Pitot  station  by  use  of  a  long  transition  piece.  In  any  case, 
a  large  number  of  readings  in  two  traverses  should  be  taken,  with  20 
being  quite  desirable.  These  should  be  taken  at  the  centers  of  equal 
areas  for  correct  determination  of  volumes.  For  round  pipe,  these  would 
be  located  from  the  center  by  multiplying  the  radius  by  the  following 
factors:  0.316,  0.548,  0.707,  0.837  and  0.961.  A  fundamentally  correct 
method  of  measurement  is  obtained  with  a  Pitot  tube  and  therefore  it 
can  be  used  without  calibration.  Pulsating  or  disturbed  flow  will  give 
erroneous  results  and  every  effort  should  be  made  to  remove  disturbances 
in  the  Pitot  tube  section. 

Many  forms  of  Pitot  tubes  other  than  the  one  described  have  been  used 
and  calibrated5.  A  double-ended  tube,  one  end  pointing  down-stream, 
and  one  up-stream,  is  sometimes  used  for  low  velocities,  but  it  should  be 
carefully  calibrated  for  accurate  results.  A  special  form  of  this  tube 
design  consists  of  two  straight  y%  in.  tubes  soldered  together,  closed  at 
the  end,  and  with  a  0.04  in.  hole  in  each  tube  opposite  the  line  of  contact. 
This  tube  is  useful  in  exploring  velocities  on  exhaust  inlets,  such  as  on 
hoods  placed  around  grinding  wheels. 

The  rounded  approach  orifice  or  nozzle  of  the  general  type  described 
in  the  A.S.H.V.E.  Unit  Heater6  and  Unit  Ventilator7  Codes  is  a  very 
accurate  air  measuring  device.  When  it:  is  well  made,  the  coefficient 
closely  approaches  unity.  The  velocity  at  the  mouth  is  increased  over 
that  in  the  duct,  and  the  resulting  increased  velocity  pressures  may  be 
measured  more  accurately.  The  discharge  from  such  a  nozzle  is  very 
uniform  and  provides  a  good  location  for  calibration  of  air  velocity 
instruments8. 

The  Venturi  meter  is  somewhat  like  the  nozzle  except  for  the  addition 
of  a  down-stream  transition  section  that  reduces  the  friction  drop  through 
the  measuring  apparatus.  However,  since  a  good  one  is  expensive  to 
make,  the  Venturi  meter  is  seldom  used  with  gases,  although  it  is  often 
used  to  measure  liquids, 

The  thin-plate  square-edged  orifice  has  a  decided  advantage  over  the 
rounded  approach  orifice  in  cost.  Its  coefficient  is  approximately  0.60. 
The  exact  value  depends  on  the  location  of  the  connections,  the  pressure 
drop,  the  diameter  ratio  of  orifice  to  pipe,  and  the  sharpness  oif  the  edge9. 

Another  method  of  air  measurement  uses  the  thermal  electric  principle 
where  by  means  of  a  measured  amount  of  current,  heat  is  put  into  the 
air  stream.  The  temperature  rise  is  measured,  and  with  the  specific  heat 
of  the  air  mixture  known,  the  weight  of  air  flowing  may  be  calculated. 
Heat  should  be  applied  uniformly  to  the  mass  of  air  passing,  and  the 
small  temperature  difference  must  be  determined  accurately. 

5Technical  Notes  No.  546,  (National  Advisory  Committee  for  Aeronautics,  November,  1935). 
1930Stpni65?  °0de  f°r  Testing  and  Rating  Steam  Unit  Heaters  (A.S.H.V.E.  TRANSACTIONS,  Vol.  36, 
38/lS932dpf25):0de  for  Testing  and  Ratins  Steam  Unit  Ventilators  (A.S.H.V.E.  TRANSACTIONS,  Vol. 
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Air  Currents  in  Free  Spaces 

One  of  the  instruments  useful  in  determining  the  velocity  of  air  cur- 
rents in  free  spaces  is  the  Kata-thermometer.  It  is  essentially  an  alcohol 
thermometer  with  a  large  bulb.  The  stem  has  two  marks,  one  corre- 
sponding to  95  F,  and  the  other  100  F.  The  instrument  is  heated  above 
100  F,  and  the  time  in  seconds  required  for  it  to  cool  from  100  to  93  when 
placed  in  the  air  current  gives  a  measure  of  the  non-directional  velocity. 
The  usual  way  of  heating  the  bulb  is  in  a  water  bath,  and  it  is  important 
to  wipe  the  Kata-thermometer  dry  before  taking  the  reading.  A  thermo- 
statically controlled  water  bath  is  very  convenient  to  use  along  with  two 
instruments  so  one  may  be  heating  while  the  other  is  in  use.  For  high 
atmospheric  temperatures  the  high  temperature  Kata  with  a  range  of 
130  to  135  F  may  be  used.  Usually  several  readings  are  taken  in  a  given 
location  and  the  average  used.  Each  Kata  has  its  own  factor  etched  on 
the  stem,  and  this  factor  must  be  used  with  the  cooling  formula  or  chart 
for  obtaining  the  velocity.  The  Kata-thermometer  is  useful  in  exploring 
ventilated  spaces  to  determine  whether  the  proper  air  movement  and 
distribution  is  being  maintained.  The  Kata-thermometer  also  finds  use 
in  determining  the  cooling  power  of  the  atmosphere,  since  it  loses  heat 
by  radiation  and  convection  when  dry,  and  by  radiation,  convection, 
and  evaporation  when  the  bulb  is  equipped  with  a  wetted  cloth  covering10. 

Another  instrument  for  measuring  low  velocity  air  currents  is  the 
heated  thermometer  anemometer11.  This  consists  of  an  ordinary  mer- 
curial glass  thermometer  with  a  resistance  winding  on  the  bulb.  Current 
is  supplied  from  an  external  source  in  a  measured  amount.  The  tem- 
perature rise  shown  on  this  heated  thermometer  over  that  shown  by  an 
ordinary  thermometer  at  the  same  location,  and  the  current  supplied, 
make  it  possible  to  calculate  the  non-directional  velocity  of  the  air 
stream.  Since  a  smaller  bulb  is  used  than  that  on  the  Kata-thermometer, 
it  is  less  affected  by  radiant  heat  sources. 

Another  instrument  is  the  hot  wire  anemometer  which  is  available  in 
several  patterns.  In  general,  a  measured  current  is  supplied  to  raise  the 
temperature  of  a  fine  bare  wire  above  the  temperature  of  the  surrounding 
air.  With  the  use  of  a  very  fine  wire,  minute  fluctuations  in  velocity 
may  be  measured,  and  the  area  exposed  to  radiant  exchange  with  heated 
or  cooled  surfaces  is  at  a  minimum.  This  instrument  is  easily  made 
remote  reading  or  recording.  A  group  of  them  may  be  connected  together 
to  give  the  average  velocity  in  a  space,  or  the  velocity  at  individual 
points  within  a  test  space,  by  suitable  switching  arrangements12-13. 

Deflecting  Vane  Anemometer 

The  deflecting  vane  anemometer  consists  of  a  pivoted  vane  enclosed 
in  a  case,  against  which  air  exerts  a  pressure  as  it  passes  through  the 
instrument  from  an  up-stream  to  a  down-stream  opening.  The  move- 


"Temperature,  Humidity  and  Air  Motion  Effects  in  Ventilation,  by  0.  W.  Armspach  and  Margaret 
Ingels  (A.S.H.V.E.  TRANSACTIONS,  Vol.  28,  1922,  p.  103). 

"The  Heated  Thermometer  Anemometer,  by  C.  P.  Yaglou  (Journal  Industrial  Hygiene  and  Toxicology, 
Vol.  20,  October  1938,  No.  8). 

"Development  of  Testing  Apparatus  for  Thermostats,  by  D,  D.  Wile  (A.S.H.V.E.  TRANSACTIONS, 
Vol.  42,  1936,  p.  349). 

13Linear  Hot  Wire  Anemometer,  Ita  Application  to  Technical  Physics,  by  L,  V,  King  (Journal  Franklin 
Institute,  1916). 
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ment  of  the  vane  is  resisted  by  a  hair  spring  and  a  damping  magnet. 
The  instrument  gives  instantaneous  readings  of  directional  velocities  on 
an  indicating  scale.  When  used  in  fluctuating  velocities,  it  is  necessary 
to  average  visually  the  swings  of  the  needle  to  obtain  average  velocities. 
This  instrument  is  very  useful  in  locating  and  measuring  peak  velocities 
that  may  be  objectionable  in  air  conditioned  spaces.  Various  attach- 
ments are  available,  such  as  a  double  tube  arrangement  for  obtaining 
velocities  in  ducts,  and  a  device  to  measure  static  pressures.  Another 
attachment  will  be  mentioned  later  under  the  measuring  of  velocities  at 
inlets  and  outlets,  Each  instrument  and  the  attachments  for  it  must 
receive  individual  calibration. 

Propeller  or  Revolving  Vane  Anemometer 

The  propeller  or  revolving  vane  anemometer  consists  of  a  light  re- 
volving wheel  connected  through  a  gear  train  to  a  set  of  recording  dials 
that  read  the  linear  feet  of  air  passing  in  a  measured  length  of  time.  It  is 
made  in  various  sizes,  3  in.,  4  in.,  and  6  in.  being  most  common.  Each 
instrument  requires  individual  calibration.  At  low  velocities  the  friction 
drag  of  the  mechanism  is  considerable.  In  order  to  compensate  for  this, 
a  gear  train  that  overspeeds  is  commonly  used.  For  this  reason  the 
correction  is  often  additive  at  the  lower  range  and  subtractive  at  the 
upper  range  with  the  least  correction  in  the  middle  range  of  velocities. 
Most  of  these  are  not  sensitive  enough  for  use  below  200  fpm;  therefore, 
they  are  not  commercially  available  for  the  low  velocity  range  met  with 
in  air  conditioned  spaces.  Further  discussion  follows  under  air  measure- 
ment at  inlets  and  outlets. 

Measurement  of  Velocities  at  Inlets  and  Outlets  of  Ducts 

In  the  field  it  is  often  advisable  to  make  volume  measurements  at  the 
face  of  the  supply  openings.  Often  it  is  hard  to  get  into  the  duct  system, 
or  it  is  difficult  to  find  sections  where  the  flow  would  be  sufficiently 
uniform.  The  many  types  of  approaches  and  grilles  used  make  a  high 
degree  of  accuracy  almost  impossible.  For  the  best  accuracy  the  instru- 
ment and  its  application  should  be  checked  on  a  similar  approach  and 
grille  in  the  laboratory  before  use  in  the  field.  Where  extreme  accuracy 
is  not  required,  such  as  in  balancing  a  system,  various  instruments  may 
be  used  at  the  face  of  the  grille. 

Tests  have  shown  that  the  propeller  type  anemometer  can  be  used 
successfully  on  the  heavier  type  of  supply  grilles,  such  as  square  mesh  of 
the  cast,  or  pressed  pattern14.  The  core  area  is  divided  into  equal  squares, 
and  the  anemometer  is  held  against  the  face  of  the  grille  for  the  same 
length  of  time  in  each.  To  get  the  air  volume  in  cubic  feet  per  minute, 
the  average  corrected  velocity  in  feet  per  minute  thus  obtained  is  multi- 
plied by  the  average  of  the  gross  and  net  free  area  of  the  grille  in  square 
feet  and  by  a  correction  coefficient  determined  as  0.97  at  velocities  from 
150  tO'600  fpm  and  as  1.00  at  higher  velocities. 

On  exhaust  grilles,  the  anemometer  traverse  is  made  as  described 
previously.  The  air  volume  may  be  determined  by  multiplying  the 
corrected  velocity  in  feet  per  minute  by  the  gross  or  core  area  of  the 

"A.S.H.VJB.  RESEARCH  REPORT  No. ,857,  911  and  966— Measurement  of  the  Flow  of  Air  Through 
Registers  and  Grilles,  by  L.  E.  Davies  (A.S.H.V.E.  TRANSACTIONS,  Vol.  36,  1930,  p.  201,  Vol.  37,  1931, 
p.  019,  ana  Vol.  39,  1933,  p.  373). 
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grille  in  square  feet  and  by  a  coefficient  for  average  conditions  of  0.80. 
This  coefficient  takes  care  of  the  interference  of  the  bars  of  the  grille  and 
the  effect  on  the  anemometer  of  the  air  entering  an  exhaust  grille  through 
180  deg16. 

When  a  propeller  type  anemometer  is  held  in  a  stream  of  varying 
velocities,  it  tends  to  indicate  higher  than  the  true  average,  that  is,  the 
speed  of  the  propeller  is  nearer  to  the  top  velocity  in  its  area  than  it  is  to 
the  minimum  velocity.  This  is  the  main  reason  for  the  large  difference 
in  ratings  of  unit  ventilators  by  the  anemometer  method  and  by  air 
volume  measurements  in  a  duct  approach  to  the  inlet16. 

Any  of  the  other  anemometers  described  can  be  used  within  their 
range  at  the  face  of  supply  grilles  when  properly  applied.  In  principle 
it  is  a  case  of  finding  the  velocity  at  many  points  and  using  the  average 
thus  found  with  the  correct  discharge  area  at  that  cross-section.  The 
deflecting  vane  anemometer  equipped  with  a  jet  on  the  end  of  a  rubber 
tube  has  been  found  especially  convenient  and  accurate  on  supply  grilles17. 
On  modern  air  conditioning  grilles  the  core  area  is  used  without  a  cor- 
rection coefficient  when  the  jet  is  held  one  inch  away  from  the  face  of 
the  grille.  At  this  distance  the  constriction  due  to  the  thin  bars  has 
disappeared  since  the  small  air  jets  have  reunited,  and  the  air  stream  has 
not  yet  spread  beyond  the  core  dimensions.  With  deflecting  grilles  the 
exploring  jet  should  be  turned  to  the  angle  giving  a  maximum  reading. 
This  method  of  using  this  instrument  is  only  applicable  to  supply  grilles 
and  cannot  be  used  on  exhaust  grilles  because  of  static  pressure  differences 
at  the  location  of  the  jet  and  the  instrument  case. 

While  hardly  a  quantitative  instrument,  smoke  is  very  useful  in 
studying  air  streams  and  currents.  The  application  of  a  more  accurate 
instrument  is  often  made  more  exact  by  a  preliminary  exploration  with 
smoke.  A  mixture  of  potassium  chlorate  and  powdered  sugar  in  equal 
portions  gives  a  very  satisfactory  non-irritating  smoke.  It  is  fired  by  a 
match,  and  since  considerable  heat  is  evolved,  it  should  be  placed  in  a 
pan  away  from  inflammable  objects. 

AIR  CHANGE  MEASUREMENTS 

Atmospheric  air  contains  a  certain  amount  of  carbon  dioxide.  Its 
concentration  is  increased  within  enclosures  by  the  carbon  dioxide  given 
off  by  occupants.  The  air  changes  through  all  means:  open  windows, 
infiltration,  and  mechanical  ventilation,  may  be  measured  by  the  carbon 
dioxide  concentration18.  The  Petterson-Palmquist  apparatus  has  been 
accepted  as  the  standard  device  for  the  determination  of  carbon  dioxide 
in  air.  The  principle  used  is  absorption  by  caustic  potash  solution  of  the 
carbon  dioxide  in  a  known  volume  of  air,  and  a  remeasurernent  of  the 
volume  in  a  finely  graduated  capillary  tube.  Since  the  concentrations 
are  in  the  order  of  3  to  10  parts  in  10,000,  extreme  care  must  be  used  to 

15A,S.H.V,E.  RESEARCH  REPORT  No.  1092 — The  Flow  of  Air  Through  Exhaust  Grilles,  by  A.  M, 
Greene,  Jr.,  and  M.  H.  Dean  (A.S.H.V.E.  TRANSACTIONS,  Vol.  44,  1938,  p.  387). 

10A.S.H.V.E.  RESEARCH  REPORT  No.  936— Investigation  of  Air  Outlets  in  Class  Room  Ventilation,  by 
G.  L.  Larson,  D.  W.  Nelson  and  R.  W.  Kubasta  (A.S.H.V.E.  TRANSACTIONS,  Vol.  38,  1932,  p.  463). 

"A.S.H.V.E.  RESEARCH  REPORT  No,  1076— Air  Distribution  From  Side  Wall  Outlets,  by  D.  W.  Nelson 
and  D.  J.  Stewart  (A.S.H.V.E.  TRANSACTIONS,  Vol,  44,  1938,  p.  77). 

"A.S.H.V.E.  RESEARCH  REPORT  No.  959— Indices  of  Air  Changes  and  Air  Distribution,  by  F.  C, 
Houghten  and  J.  L.  Biackshaw  (A.S.H.V.E.  TRANSACTIONS,  Vol,  39,  1933,  p.  261). 

635 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

obtain  accurate  determinations.  Since  occupants  also  give  off  moisture, 
the  increase  in  humidity  may  also  be  used  as  an  index  of  ventilation 
within  a  space.  Humidity  determinations  are  much  simpler  to  make, 
but  the  accuracy  may  be  affected  slightly  by  absorption  of  moisture  by 
hygroscopic  materials  such  as  fabrics  and  wood  within  the  space.  Meas- 
ured amounts  of  either  carbon  dioxide  or  water  vapor  may  be  added  for 
test  purposes.  However,  neither  method  is  used  at  the  present  time,  and 
more  direct  methods  of  measuring  air  supply  and  air  distribution  are 
in  favor, 

MEASUREMENT  OF  RELATIVE  HUMIDITY 

Wet-  and  dry-bulb  mercurial  thermometers  are  usually  used  to  deter- 
mine relative  humidity.  The  sling  psychrometer  is  a  common  mounting 
of  the  thermometers  to  permit  swinging.  The  wet-bulb  wick  and  water 
for  wetting  it  must  be  clean,  and  the  temperature  of  the  water  should 
preferably  be  slightly  above  the  wet-bulb  temperature.  An  air  stream 
velocity  of  900  fpm  is  recommended,  although  velocities  from  300  fpm 
to  1000  fpm  have  been  found  satisfactory  for  passage  over  the  wet-bulb 
wick.  The  velocity  may  be  obtained  by  whirling  the  thermometer  or  by 
aspirating  air  over  the  wet-bulb.  In  ducts,  the  air  flow  itself  gives  the 
proper  evaporating  conditions.  Several  observations  should  be  made 
until  the  minimum  temperature  is  reached.  Relative  humidity  may  be 
obtained  from  tables  or  psychrometric  charts19.  Although  it  is  common 
practice  to  use  the  charts  which  are  based  on  a  barometric  pressure  of 
29.92  in.  mercury,  a  correction  for  barometric  pressure  is  necessary  for 
extreme  accuracy.  This  correction  is  made  by  multiplying  the  relative 
humidity  as  determined  from  the  chart  by  the  ratio  of  the  observed 
barometric  pressure  and  the  standard  barometric  pressure. 

For  temperatures  below  32  F,  the  water  on  the  wick  is  allowed  to 
freeze,  during  which  time  the  temperature  will  drop  below  the  true  wet- 
bulb.  A  thin  film  of  ice  is  more  desirable  than  a  thick  one,  and  it  is 
satisfactory  to  remove  the  wick  and  freeze  a  thin  film  directly  on  the 
bulb.  Care  must  be  taken  to  read  the  temperatures  accurately  due  to  the 
slight  wet-bulb  depressions.  Tables  for  ice  conditions  must  be  used20. 

The  dew-point  apparatus  for  humidity  measurements  consists  of  a 
polished  plated  container  cooled  by  the  evaporation  of  a  volatile  liquid 
within.  The  temperature  at  which  the  first  slight  water  vapor  forms  is 
the  dew-point.  If  the  temperature  is  below  32  F,  the  deposit  will  appear 
as  frost.  Another  method  of  determining  humidity  is  by  chemical  means 
in  which  the  water  vapor  is  removed  by  a  drying  agent  and  weighed 
on  a  chemical  balance.  A  thermal  conductivity  method  is  available  for 
temperatures  above  212  F  or  for  extremely  low  humidities21. 

DUST  DETERMINATION 

The  measurement  of  dust  is  complicated  by  the  many  kinds  involved. 
Some  of  the  collecting  methods  are  impingement  on  viscous  surfaces, 

"•Psychrometric  Tables  for  Vapor  Pressure,  Relative  Humidity  and  Temperatures  of  the  Dew-Point, 
(17.  5.  Department  of  Agriculture,  Weather  Bureau,  Washington,  D.  C.)« 

2°A  Review  of  Existing  Psychrometric  Data  in  Relation  to  Practical  Engineering  Problems,  by  W  H. 
Carrier  and  C.  0.  Mackey  (A.S.M.E.  Transactions,  January,  1937,  p,  33;  Discussion,  A.S  \f.B  Trans* 
actions,  August,  1937,  p.  528). 

21Gas  Analysis  by  Measurement  of  Thermal  Conductivity,  by  H.  A.  Daynes  (Cambridge  Press,  1033). 
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impingement  at  high  velocity  under  water,  collection  on  porous  crucibles 
through  which  air  passes,  and  electric  precipitation.  Determination  may 
be  by  direct  weighing  of  samples  or  by  microscopic  counting.  The  most 
commonly  used  methods  are  the  modified  Hill  dust  counter  using  micro- 
scopic count,  the  Smith-Greenburg  impinger  which  collects  samples  in 
water  and  which  are  counted  under  a  microscope  in  a  Sedgwick  cell22, 
and  the  Lewis  sampling  tube  with  the  analytical  determination  of  the 
increase  in  weight  of  a  porous  crucible.  All  reports  should  state  the 
method  of  sampling  and  counting.  The  A.S.H.V.E.  Code  for  Testing 
and  Rating  Air  Cleaning  Devices  Used  in  General  Ventilation  Work 
specifies  the  porous  crucible  method23. 

HEAT  TRANSFER  THROUGH  BUILDING  MATERIALS 

The  A.S.H.V.E.  Standard  Test  Code  for  Heat  Transmission  Through 
Walls  specifies  the  use  of  the  guarded  hot  plate  for  tests  on  homogeneous 
materials.  It  further  states  that  the  mean  temperature  shall  be  at  60  F 
and  the  materials  dried. 

This  code  describes  the  construction  and  use  of  the  guarded  hot  box 
for  determining  overall  heat  transmission  coefficients  of  built-up  sections. 
The  standard  temperature  range  through  the  test  section  is  specified  as 
80  F  and  the  mean  temperature  of  the  wall  as  40  F. 

The  Nicholls  heat  meter  is  very  useful  for  determining  the  heat  flow 
through  walls  of  buildings24. 

MEASUREMENT  OF  HEAT  EXCHANGE  FOR  COMFORT  CONDITIONS 

Several  instruments  have  been  devised  to  measure  the  effect  of  various 
factors  as  they  relate  to  the  comfort  of  the  body.  The  principle  ones  are 
the  Kata-thermometer,  Dufton's  eupatheoscope,  Vernon's  globe  ther- 
mometer, Winslow  and  Greenburg's  thermo-integrator,  and  Yaglou's 
heated  globe25-20.  These  instruments  are  attempts  to  stimulate  and 
measure  the  heat  exchanges  between  the  human  body  and  its  environ- 
ment. In  order  to  stimulate  conditions  of  hard  physical  labor,  the  entire 
surface  of  the  device  is  covered  with  a  wet  cloth.  At  present  special 
attention  is  being  given  the  thermo-integrator  as  a  means  of  measuring 
radiant  effects  of  environmental  conditions. 

COMBUSTION  ANALYSIS 

The  analysis  of  flue  gases  to  determine  completeness  and  efficiency  of 
combustion  is  usually  made  chemically  with  the  Orsat  apparatus.  This 
consists  of  a  measuring  burette,  a  leveling  bottle,  and  three  pipettes. 
Carbon  dioxide  is  absorbed  in  the  first  pipette  by  potassium  hydroxide, 


^Public  Health  Bulletin,  No.  144,  1925,  (U.  S,  Public  Health  Service). 

^Testing  and  Rating  of  Air  Cleaning  Devices  Used  for  General  Ventilation  Work,  by  S.  R,  Lewis 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  39,  1033,  p.  277), 

^^A.S.H.V.E,  RESEARCH  REPORT  No.  685 — Measuring  Heat  Transmission  in  Building  Structures  and  a 
Heat  Transmission  Meter,  by  P.  Nicholla  (A.S.H.V.E.  TRANSACTIONS,  Vol.  30,  1024,  p.  05). 

'^Instruments  and  Methods  for  Recording  Thermal  Factors  Affecting  Human  Comfort,  by  C.  P.  Yaglou, 
A.  P.  Kratz  and  C.-E.  A.  Winslow  (Year  Book,  American  Journal  Public  Health,  36-37), 

2(>Tlie  Thermo  Integrator — A  New  Instrument  for  the  Observation  of  Thermal  Interchanges,  by  C.-E. 
A.  Winslow  and  Leonard  Greenburg  (A.S.H.V.E.  TRANSACTIONS,  Vol.  41,  1935,  p.  140). 
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oxygen  in  the  second  by  potassium  pyrogallate,  and  carbon  monoxide  in 
the  third  by  cuprous  chloride.  A  known  volume  of  gas  is  drawn  in,  and 
after  each  of  the  three  absorptions  the  reduced  volume  is  again  measured 
in  the  burette.  Pressure  and  temperature  of  the  gas  sample  are  kept 
constant  while  measuring.  Several  passes  are  made  through  each  pipette 
which  contains  tubes  or  glass  beads  to  increase  the  wetted  surface.  It  is 
essential  that  each  reaction  be  completed  before  the  next  reaction  is 
started.  Since  the  life  of  the  reagents  is  limited,  it  is  well  to  keep  a  record 
of  the  number  of  samples  tested.  Care  is  needed  in  operation  to  prevent 
the  pulling  of  reagents  put  of  the  pipettes  into  the  capillary  tubing  and 
burette.  Many  recording  gas  analyzers  are  available  and  are  usually 
found  in  the  larger  plants. 

SMOKE  DENSITY  MEASUREMENTS 

A  common  method  of  determining  the  relative  density  of  smoke  issuing 
from  chimneys  is  by  visual  comparison  with  the  Ringelmann  Smoke 
Charts.  A  sheet  of  four  ruled  charts  with  varying  weights  of  black  lines 
is  used.  The  sheet  is  12  by  26  in.  over  all  on  which  are  four  charts,  each 
consisting  oft294  squares,  14  wide  and  21  high.  The  width  of  line  and 
spacings  is  given  in  Table  1. 

TABLE  1.   RINGELMANN  SMOKE  CHART  SPACINGS 


NUMBER 
OF  CARD 

THICKNESS  OF 

LINES,  MM 

DISTANCE  IN  CLEAR 
BETWKKN  LINKS,  MM 

1 

1.0 

9.0 

2 

2.3 

7,7 

3 

3.7 

6.3 

4 

5.5 

4.5 

The  charts  are  placed  50  ft  from  the  observer  and  in  line  with  the  stack 
to  be  observed.  At  this  distance  the  lines  disappear  and  the  charts 
appear  as  varying  shades  of  gray.  At  times  a  white  chart  is  added  as 
No.  0  to  the  left  of  the  four  charts  1  to  4,  and  a  black  chart  to  the  right 
as  No.  5. 

Apparatus  using  the  photo-electric  cell  has  been  devised  for  recording 
smoke  densities  in  large  plants. 

CARBON  MONOXIDE  MEASUREMENT 

In  garages  and  vehicular  tunnels  carbon  monoxide  is  a  constant 
potential  danger.  In  small  amounts  it  causes  headaches  and  inefficiency, 
and  in  larger  concentrations  it  causes  collapse  and  death  in  rather  short 
periods^  of  exposure.  A  method  of  analyzing  for  carbon  monoxide  con- 
centrations completes  the  oxidation  of  the  carbon  monoxide  in  a  known 
volume  of  sample,  in  the  presence  of  a  catalyst.  The  heat  resulting  is 
measured  by  a  thermocouple  calibrated  in  parts  per  10,000  of  carbon 
monoxide27. 

Sif  Reynolds- H- 
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Chapter  35 

MOTORS  AND  MOTOR  CONTROLS 

Direct  Current  Motors,  Alternating  Current  Motors  for  Single 
Phase  and  Polyphase,  Special  Applications,  Classification  of 
Motors,  Manual  Control,  Automatic  Control,  Pilot  Controls, 
Direct  Current  Motor  Control,  Squirrel  Cage  Motor  Control, 
Multispeed  Motor  Control,  Slip  Ring  Motor  Control,  Single 
Phase  Motor  Control 

THE  electric  motor,  available  in  many  different  types  suitable  for 
various  services,  is  now  the  most  widely  used  form  of  prime  mover. 
The  equipment  for  starting,  controlling  and  protecting  these  motors  varies 
with  the  type  and  with  the  functions  it  is  desired  to  attain.  Motors  used 
for  heating,  ventilating  and  air  conditioning  applications  may  be  divided 
into  two  general  classifications  as  follows: 

1.  For  use  with  direct  current. 

2.  For  use  with  alternating  current. 

DIRECT  CURRENT  MOTORS 

There  are  three  types  of  direct  current  motors  available: 

1.  Shunt  Wound. 

2.  Compound  Wound, 

3.  Series  Wound. 

Shunt  Wound  motors,  being  suitable  for  application  to  fans,  centrifugal 
pumps,  or  similar  equipment  where  the  amount  of  starting  torque  required 
is  relatively  small,  are  used  for  the  majority  of  applications  in  the  field  of 
,  heating,  ventilating  and  air  conditioning.    They  may  be  used  on  recipro- 
cating pumps  and  compressors,  if  started  under  unloaded  conditions. 

Compound  Wound  motors  are  required  for  application  to  compressors, 
stokers,  reciprocating  pumps  when  started  under  loaded  conditions,  and 
also  when  applied  to  similar  equipment  where  high  starting  torque  is 
required.  Whenever  frequent  starting  makes  high  starting  and  accelerat- 
ing torque  desirable,  or  where  sudden  changes  of  load  are  encountered, 
compound  wound  motors  are  used. 

Series  Wound  motors  find  only  limited  application  in  a  few  special  cases 
and  are  available  in  only  a  limited  range  of  sizes. 
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Speed  Characteristics 

Direct  current  motors  are  available  with  speed  characteristics  of  four 
types: 

1.  Constant  speed, 

2.  Adjustable  speed. 

3.  Adjustable  varying  speed. 

4.  Varying  speed. 

Constant  Speed  motors  may  be  shunt  wound  or  compound  wound. 
Shunt  wound  motors  have  a  nearly  flat  speed-load  characteristic,  with  a 
regulation  of  15  per  cent  for  up  to  %  hp,  12  per  cent  for  one  to  5  hp  and 
10  per  cent  for  1%  hp  and  larger,  based  on  full  load  speed. 

Compound  wound  motors  have  a  speed  regulation  over  the  range  from 
full  load  to  no  load  of  not  more  than  25  per  cent,  based  on  full  load  speed. 

Adjustable  Speed  motors  are  usually  shunt  wound  since  it  is  impractical 
to  maintain  the  proper  relation  between  the  shunt  and  series  fields  of 
compound  wound  motors  when  wide  variations  of  the  field  strength  are 
required  to  obtain  the  speed  adjustment. 

Adjustment  of  the  speed  of  shunt  wound  motors  is  obtained  by  field 
control  on  motors  rated  at  %  hp  and  larger,  with  the  minimum  or  base 
speed^  at  full  field  strength  and  higher  speeds  at  reduced  field  strength 
(obtained  by  adding  resistance  in  the  field  circuit).  The  speed  regulation 
from  no  load  to  full  load  will  not  exceed  22  per  cent  for  2  to  5  hp ;  nor 
15  per  cent  for  7J^  hp  and  larger.  Below  2  hp,  the  regulation  may  exceed 
22  per  cent.  If  closer  speed  regulation  is  required,  specifically  wound 
motors  must  be  obtained. 

Practically  constant  horsepower  output  is  obtained  at  all  speeds  up  to  a 
ratio  of  2  to  1.  For  higher  speed  ratios,  the  horsepower  rating  at  the 
minimum  speed  is  less  than  at  the  maximum  speed,  this  difference  varying 
with  the  speed  ratio.  High  efficiency  is  maintained  over  the  entire  speed 
range.  Most  listed  constant  speed  motors  are  suitable  for  operation  up  to 
a  speed  ratio  of  2  to  1  by  the  use  of  proper  control  equipment, 

Adjustable  Varying  Speed  motors  may  be  either  shunt  or  compound 
wound  and  speed  adjustment  is  obtained  by  adding  resistance  in  series 
with  the  armature.  The  speed  thus  obtained  is  always  below  the  rated 
full-field  speed.  Any  standard  shunt  or  compound  wound  constant  speed 
motor  may  -be  used  in  conjunction  with  the  proper  armature  resistor. 
The  usual  range  of  speed  reduction  is  50  per  cent.  The  speed  obtained 
for  any  setting  of  the  resistor  depends  on  the  load  of  the  motor  and  will 
vary  with  this  load. 

The  speed  regulation  at  high  speed  is  comparable  to  a  constant  speed 
motor,  but  becomes  poorer  as  the  speed  is  decreased. 

When  operating  at  reduced  speed,  an  increased  torque  requirement 
which  the  motor  could  easily  handle  at  rated  speed  is  easily  sufficient 
to  stall  the  motor;  for  example,  a  motor  operating  at  two-thirds  speed 
would  be  stalled  by  a  torque  about  50  per  cent  in  excess  of  the  normal 
requirement. 

The  efficiency  of  the  motor  is  reduced  as  the  speed  is  reduced,  since  the 
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loss  in  the  resistor  is  greater  at  lower  speeds.   Speed  reduction  by  armature 
control  is  usually  selected  where : 

1.  A  wide  speed  range  is  not  required. 

2.  Close  speed  regulation  is  not  necessary. 

3.  Operating  time  at  reduced  speed  is  short. 

4.  Operating  load  at  reduced  speed  is  small  so  that  the  reduced  efficiency  can  be 
ignored. 

5.  The  rating  is  less  than  1  hp. 

Varying  Speed  motors  are  series  wound  and  the  speed  varies  with  the 
load  on  the  motor.  They  should  be  used  where: 

1.  The  load  is  practically  constant  or  increases  with  speed. 

2.  The  motor  can  easily  be  controlled  by  hand. 

They  should  not  be  used  where  there  is  a  possibility  of  operation 
without  load  or  at  a  reduced  load,  as  the  speed  of  the  motor  may  become 
dangerously  high. 

For  shunt  wound  motors  with  full  field  strength,  the  starting  torque 
varies  almost  directly  with  the  starting  current,  which  is  dependent  on  the 
resistance  in  the  armature  circuit.  With  varying  positions  of  the  starting 
rheostat,  it  is  possible  to  obtain  a  wide  range  of  starting  torque,  within 
the  limits  of  starting  current  permitted  by  the  power  company. 

A  compound  wound  motor  requires  somewhat  less  current  for  the  same 
starting  torque.  The  maximum  torque  of  shunt,  series,  and  compound 
wound  motors  is  limited  by  commutation. 

ALTERNATING  CURRENT  MOTORS 

Alternating  current  motors  may  be  divided  into  two  main  groups, 
namely,  (1)  those  operating  on  single  phase  current,  and  (2)  those  oper- 
ating on  polyphase  current. 

1.  Single  phase  motors  are  available  in  four  common  types: 

a.  Capacitor  motors, 

1.  Full  capacitor. 

2.  Capacitor  start  induction  run. 

b.  Repulsion  induction  motors. 

c.  Repulsion  start,  induction  run  motors. 

d.  Split  phase  motors. 

2.  Polyphase  (2  or  3  phase)  motors  are  available  in  four  common  types: 

a.  Squirrel  cage  induction  motor. 

b.  Automatic  start  induction  motor. 

c.  Slip  ring,  wound  rotor  induction  motor. 

d.  Synchronous  motor. 

Where  the  public  utility  supplying  the  current  determines  that  a 
particular  installation  should  be  served  with  polyphase  current,  it  is 
generally  understood  that  the  major  portion  of  the  motors  will  be  for 
polyphase  current,  although  it  is  commonly  acceptable  for  the  smaller 
motors  to  be  single  phase.  This  will  limit  the  use  of  single  phase  current 
to  the  smaller  motor  ratings  and  the  polyphase  to  the  larger  motors. 
Domestic  and  semi-commercial  installations  will  invariably  be  single  phase. 

641 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

Single  Phase  Motors 

Capacitor  type  motors  are  available  in  ratings  up  to  10  or  15  hp  for 
general  purposes.  These  motors  are  recommended  for  pumps,  compressors 
and  fan  duty  including  housed  centrifugal  fans  and  propeller  fans.  The 
general  purpose  motor  is  commonly  known  as  a  high  torque  capacitor 
motor  having  approximately  300  per  cent  starting  torque  with  normal 
current  and  having  a  different  value  of  capacitance  for  starting  and 
running  which  is  automatically  changed  over  by  a  mechanical  or  electrical 
means. 

Capacitor  motors  for  fan  duty  are  usually  divided  into  the  open  high 
torque  type  for  belted  fans  and  the  totally  inclosed  non-ventilated  low 
torque  type  for  propeller  fans  mounted  directly  on  the  motor  shaft.  The 
open  low  torque  capacitor  motor  may  be  used  with  small  centrifugal  fans 
mounted  on  the  motor  shaft. 

Although  the  motors  for  belted  fans  are  called  high  torque,  the  available 
starting  torque  is  somewhat  less  than  the  torque  of  the  general  purpose 
motor  and  the  slip  at  full  load  is  approximately  8  per  cent.  With  this 
larger  amount  of  slip,  adjustable  speed  down  to  60  or  70  per  cent  of  rated 
speed  may  be  obtained  by  line  voltage  variation.  Motors  for  propeller 
fan  drive  may  be  supplied  with  sleeve  bearings  to  obtain  greater  quietness 
in  the  smaller  sizes  where  the  fan  thrust  does  not  exceed  approximately 
25  Ib.  For  larger  fans,  thrust  ball  bearing  motors  should  be  used.  Low 
torque  capacitor  motors  have  approximately  50  per  cent  starting  torque 
and  do  not  change  the  value  of  capacitance  from  start  to  run. 

Capacitor  motors  with  high  slip  may  have  taps  brought  out  from  the 
main  winding  which,  when  connected  to  the  line,  give  a  second  speed  of 
from  65  to  70  per  cent  of  the  normal  speed.  This  type  of  motor  must  be 
specially  designed  for  the  individual  fan,  otherwise  the  correct  low  speed 
will  not  be  obtained.  Care  should  be  exercised  in  applying  it  to  centrifugal 
fans  where  restriction  to  the  air  flow  through  the  use  of  adjustable  dampers 
changes  the  motor  load  and  consequently  the  speed.  This  same  effect  is 
also  found  in  transformer  speed  controllers,  however,  a  series  of  trans- 
former taps  allows  for  a  selection  which  partially  overcomes  the  effect  of 
change  in  motor  load. 

Capacitor  start-induction  run  motors  are  usually  confined  to  the  smaller 
horsepower  ratings  and  differ  from  the  capacitor  motors  by  ijiaving  no 
running  capacitor.  The  value  of  starting  capacitance  used  may  vary  with 
the  different  types  of  applications  involved.  These  motors  may  be  used 
for  practically  any  of  the  applications  met  in  air  conditioning.  However, 
consideration  should  be  given  to  the  fact  that  they  are  not  as  quiet  as  a 
capacitor  motor. 

Repulsion  induction  motors  start  as  repulsion  motors  and  operate  under 
full  speed  as  combined  repulsion  and  induction  motors  through  the  in- 
herent characteristics  of  the  motor  which  has,  in  addition  to  the  wire 
winding  with  commutator,  a  buried  squirrel  cage  winding.  No  additional 
switching  devices  are  required  to  change  over  from  start  to  run.  This  and 
the  repulsion  motor  described  later  may  be  used  for  constant  speed 
drives  where  high  starting  torque  is  required  and  where  commutator  and 
brush  noise  is  not  a  factor. 
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The  repulsion  start-induction  run  motor  starts  as  a  repulsion  motor, 
has  a  switching  means  for  transferring  from  start  to  run  which  short 
circuits  the  commutator  and  permits  operation  under  full  speed  as  a 
wound  induction  motor.  This  motor  is  suitable  for  applications  similar 
to  those  for  which  the  repulsion  induction  motor  is  used. 

The  split  phase  motor  has  a  high  resistance  auxiliary  winding  in  the 
circuit  during  starting  which  is  disconnected  through  the  action  of  a 
centrifugal  switch  as  the  motor  comes  up  to  speed.  Under  running  con- 
ditions, it  operates  as  a  single  phase  induction  motor  with  one  winding  in 
the  circuit.  These  units  are  available  for  the  lower  horsepower  ratings  and 
when  equipped  with  a  high  slip  rotor  may  be  used  for  adjustable  varying 
speed  through  line  voltage  control. 

Polyphase  Motors 

Squirrel  cage  induction  motors  are  available  in  three  types  and  a  full 
range  of  sizes: 

1.  The  normal  torque,  normal  starting  current  squirrel  cage  motor  has^  close  speed 
regulation,  high  efficiency,  high  power  factor,  medium  starting  torque,  high  pull-out 
torque,  and  is  suitable  for  general  purpose  applications.    This  motor  has  a  large  current 
inrush  and  a  low  starting  current  power  factor.    It  operates  with  these  characteristics 
only  when  started  directly  across  the  line  on  full  voltage.    When  central  stations  require 
current  limiting  starting  equipment  on  such  motors,  the  starting  torque  is  less.    Current 
limiting  hand  operated  starters  are  standard  equipment. 

2.  The  normal  torque,  low  starting  current  squirrel  cage  motor  has  approximately  the 
same  torque  as  the  normal  current  motor,  but  the  starting  current  is  about  20  per  cent 
less  than  the  normal  torque  motor  on  full  voltage  and  ordinarily  within  the  Edison 
Electric  Institute  locked  rotor  current  limits  on  sizes  up  to  30  hp. 

This  motor  lends  itself  to  automatic  or  remote  control  because  no  current  limiting 
starting  equipment  is  necessary  up  to  and  including  30  hp.  A  magnetic  starter  with  low 
voltage  and  thermal  relay  overload  protection  gives  the  most  satisfactory  service. 

3.  The  high  torque,  low  current  squirrel  cage  motor  has  a  starting  torque  approxi- 
mately 25  to  50  per  cent  greater  than  the  normal  torque  motor  on  full  voltage  with 
starting  current  approximately  10  per  cent  less  than  the  normal  torque  motor  started  on 
full  voltage,  but  within  the  required  limits  on  30  hp  sizes  and  smaller.    These  motors  are 
also  started  directly  across  the  line  on  full  voltage  through  a  magnetic  starter  or  other 
approved  starting  device. 

These  three  types  of  motors  are  also  available  in  two,  three,  or  four 
speed  designs  with  variable  torque,  or  constant  torque  characteristics. 
Two  speed  motors  may  be  either  single,  or  two  winding;  three  speed 
motors  are  single,  two,  or  three  winding;  and  four  speed  motors  are  two, 
three,  or  four  winding.  When  a  motor  is  wound  with  a  winding  for  each 
speed,  better  operating  characteristics  may  be  obtained  because  no 
sacrifice  is  made  for  the  other  speed  and  operating  characteristics  ap- 
proaching single  winding  motors  may  be  expected. 

Frequently,  multispeed  motors  lend  flexibility  to  an  installation  that 
cannot  be  obtained  in  any  other  way. 

Multispeed  motors  are  started  directly  across  the  line  through  magnetic 
starting  equipment  with  overload  and  low  voltage  protection  and  com- 
pelling relays  to  insure  starting  on  low  speed  regardless  of  the  ultimate 
running  speed.  Starting  on  low  speed  limits  the  starting  current  to  the 
starting  current  of  the  low  speed  winding  and  consequently  lowers  the 
maximum  demand. 
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TABLE  1.    CLASSIFICATION  OF  MOTORS 


CTORINT 

TYPH 

SPEED 
CHARAC- 
TERISTICS 

FtTLL  VOLTAGE 

HP 

RANGE 

TYPE  OF 
APPLICATION 
SBE  FOOTNOTE* 

STARTING 
TORQUE 

STARTING 
CURBHNT 

Constant  Speed  Drives 

1.  Shunt 

Constant 

Medium 

Medium 

All 

(a)  Fans  and 
(c)  Centrifugal 
Pumps 

DIRECT 

2.  Compound 

Constant 
Variable 

High 

Medium 

All 

(b)   (c)   (e)  Recipro- 
cating Pumps  and  fre- 
quent or  hand  starting 

3.  Series 

Variable 

High 

Medium 

Small 

(d)  Fans  direct 
connected 

4.  Squirrel  Cage 
General  Purpose 

Constant 

Normal 

High 
6-8  Times 

All 

(a)  Fans  and 
(c)  Centrifugal 
Pumps 

5.  Squirrel  Cage 
Medium  Torque 

Constant 

Normal 

Medium 
5-6  Times 

Medium 
Small 

(a)  Fans  and 
Centrifugal  Pumps 

6.  Squirrel  Cage 
High  Torque 

Constant 

High 

Medium 
5-6  Times 

Medium 
Small 

(5)  Reciprocating 
Pumps 
(e)  and  Compressors 
started  loaded 

POLY- 
PHASE 

7.  Automatic  Start 
High  Torque 

Constant 

High 

Low 
3  Times 

Medium 

(6)  Reciprocating 
Pumps 
(e)  and  Compressors 
started  loaded 

8.  Slip  Ring 
Wound  Rotor 

Constant 

High 

Low 
1-3  Times 
with  sec- 
ondary 
control 

All 

(a)  and  Hoists 
(b)  Reciprocating 
Pumps 
(c)  and  Frequent 
(e)  or  Hand  Start 

9.  Synchronous 
High  Speed 

Constant 

Medium 

Medium 
5-7  Times 

Medium 
Large 

(a)  Fans    and    Cen- 
trifugal Pumps 

10.  Synchronous 
Low  Speed 

Constant 

Low 

Low 
34  Times 

Medium 
Large 

(a)  Reciprocating 
Compressors  start- 
ing unloaded 

JINGLE 

'EASE 

11.  Capacitor 

Constant 

High 

Normal 

Medium 
Small 

(b)  Pumps  and 
Compressors 

'Applications: 

a.  Drivea  having  medium  or  low  starting  torque  and  inertia  (WR*)  such  as  fans  and  centrifugal  pumps 
or  reciprocating  pumpa  and  compressors  started  unloaded. 

6.  Drives  having  high  starting  torques,  such  as  reciprocating  pumps  and  compressors  started  loaded. 

c.  Similar  to  (a)  except  where  frequent  or  hand  starting  (large  WR*)  requires  a  higher  starting  and 
accelerating  torque. 

d.  Fans  direct  connected. 

e.  Stoker  drives. 
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TABLE  1.    CLASSIFICATION  OF  MOTORS — (Continued) 


CURRENT 

TYPE 

SPEED 
CHARAC- 
TERISTICS 

FULL  VOLTAGE 

HP 
RANGE 

TTPE  OF 
APPLICATION 
Sam  FOOTNOTE* 

STARTING 
TORQUE 

STARTING 
CURRENT 

12.  Capacitor  Fan 

Constant 

High 

Medium 

Medium 
Small 

(a)  Fans  —  belted 

13.  Capacitor  Fan 

Constant 

Low 

Medium 

Medium 
Small 

(d)  Fans  —  direct 

14.  Capacitor  Start 
Induction  Run 

Constant 

Any 

Medium 

Medium 
Small 

(a)  Fans 
(6)  Pumps  and 
Compressors 

SINGLE 

PHASE 

15.  Repulsion 
Induction 

Constant 

High 

Medium 

Medium 
Small 

(a)  Fans 
(6)  Pumps  and 
Compressors 

16.  Repulsion  Start 
Induction  Run 

Constant 

High 

Medium 

Medium 
Small 

[a)  Fans 
[b]  Pumps  and 
Compressors 

17.  Split  Phase 

Constant 
and 
Adjust- 
able 

Medium 

Medium 

frac- 
tional 

(a)  Fans 
'&)  Pumps  and 
Compressors 

Adjustable  Speed  Drives 

18.  Shunt  Field 
Adjustment 

Constant 

Medium 

Medium 

All 

a)  Fans  and 
e]  Centrifugal 

DIRECT 

19.  Shunt  Armature 
Resistor 

Variable 

Medium 

Medium 

All 

a)  Fans  and 
'e)  Centrifugal 
Pumps 

20.  Squirrel  Cage 
High  Slip, 
Tapped  Winding 

Variable 

Medium 

Medium 

Medium 
Small 

a)  Fans 

POLY- 
PHASE 

21.  Squirrel  Cage 
High  Slip,  Trans- 
former Adjust- 
ment 

Variable 

Medium 

Medium 

Medium 
Small 

(a)  Fans 

2.  Squirrel  Cage 
Separate  Wind- 
ing or  Regrouped 
Poles 

Constant 
Multi- 
Speed 

Medium 
or  High 

Low 

All 

(a)  Fans 
\b)  Pumps  and 
(c)  Compressors 
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TABLE  1.   CLASSIFICATION  OF  MOTORS — (Concluded) 


CURRENT 

TYPE 

SPEED 

CHARAC- 
TERISTICS 

FULL  VOLTAGE 

HP 
RANGE 

•  TYPI  OF 
APPLICATION 
SEK  FOOTNOTE* 

STARTING 

TORQOT 

STARTING 
CURRENT 

POLY- 
PHASE 

23.  Wound  Rotor, 
Slip,  Ring,  Ex- 
ternal Secondary 

Resistance 

Variable 

High 

Low 

All 

(a)  Fans  and 
(b)  Centrifugal 
Pumps 

24.  Capacitor  High 
Torque  Tapped 
Winding 

Variable 

High 

Normal 

Medium 
Low 

(a)  Fans,  belt 

25.  Capacitor  Low 
Torque  Tapped 
Winding 

Variable 

Low 

Medium 

Medium 
Low 

(d)  Fans,  direct 

SINGLE 

PHASE 

26.  Capacitor  High 
Torque  Trans- 
former Adjust- 
ment 

Variable 

Low 

Low 

Frac- 
tional 

(d)  Fans 

27.  Capacitor  Low 
Torque  Trans- 
former Adjust- 
ment 

Variable 

Low 

Low 

Frac- 
tional 

(d)  Fans 

28.  Split  Phase 
Regrouped  Poles 

Constant 

Normal 

Normal 

Frac- 
tional 

(d)  Fans 

Often  where  the  central  station  requires  current  limiting  starting 
equipment  for  the  normal  torque,  normal  starting  current  motor,  it  is 
advisable  to  use  the  normal  torque  low  starting  current  multispeed  motor. 

High  slip  polyphase  motors  may  be  used  for  adjustable  varying  speed 
drives  in  a  manner  similar  to  that  described  for  capacitor  motors,  with 
either  a  transformer  speed  regulator  or  tapped  motor  windings. 

It  is  apparent  from  these  motor  characteristics  that  a  squirrel  cage 
motor  may  be  selected  for  operating  any  air  conditioning  and  allied 
equipment. 

Automatic  start  induction  motors  are  constructed  with  two  windings  on 
the  rotor,  one  of  which  is  a  high  resistance,  squirrel  cage  winding  used  in 
starting  and  gives  a  high  starting  torque  approximately  the  same  as  the 
high  torque,  squirrel  cage.  A  centrifugal  mechanism  within  the  motor 
switches  to  the  second  low  resistance  winding  when  the  motor  comes  up  to 
speed,  thus  obtaining  running  characteristics  equal  to  the  normal  torque, 
.normal  current  squirrel  cage  motor.  The  power  factor  of  the  starting 
current  is  high. 

Slip  ring  wound  rotor  motors  are  built  for  two  classes  of  service,  con- 
stant speed  and  adjustable  variable  speed.  The  motors  are  identical  in 
each  case  and  use  the  same  primary  control,  the  only  difference  being  in 
the  secondary  control. 
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Slip  ring  motors  for  constant  speed  service  are  used  where  high  starting 
torque  with  low  starting  current  is  required  for  bringing  heavy  loads  up 
to  speed.  The  resistance  is  in  the  secondary  or  rotor  circuit,  only  when 
starting,  and  is  short  circuited  when  the  motor  is  up  to  speed, 

For  adjustable  varying  speed  service,  part  or  all  of  the  secondary 
controller  resistance  is  in  the  circuit  whenever  the  motor  is  operating 
below  full  speed.  The  speed  obtained  with  a  given  resistance  in  the 
secondary  circuit  is  dependent  on,  and  changes  with  the  load  on  the 
motor.  The  horsepower  developed  by  the  motor  is  approximately  pro- 
portional to  the  speed,  whereas  the  power  required  by  the  motor  is 
practically  the  same  at  reduced  speed  as  at  full  speed,  hence  the  efficiency 
at  reduced  speeds  is  much  lower  than  at  full  speed. 

Synchronous^  motors  ^re  ordinarily  used  only  where  there  is  a  need  for, 
or  advantage  in,  obtaining  power  factor  correction.  It  is  necessary  to 
consider  each  application  as  a  special  case  which  must  be  individually 
engineered,  since  for  satisfactory  operation,  the  combined  moment  of 
inertia  of  the  compressor  fly  wheel  and  motor  rotor  must  be  correctly 
established. 

The  general  classification  of  motors  used  for  heating,  ventilation  and 
air  conditioning  is  shown  in  Table  1. 

SPECIAL  APPLICATIONS 

A  few  applications  of  motors  may  require  special  constructions  such  as 
splash  proof,  explosion  proof,  fully  enclosed,  and  self-ventilated  to  meet 
hazardous  or  special  duty  conditions.  These  requirements  are  frequently 
encountered  in  certain  industrial  applications,  in  which  cases  it  is  neces- 
sary to  select  the  motors  from  the  viewpoint  of  service  conditions,  as  well 
as  the  required  operating  characteristics  to  meet  the  demands  of  the 
machines  being  driven. 

CONTROL  EQUIPMENT  FOR  MOTORS 

In  selecting  control  for  alternating  and  direct  current  motors  it  is 
necessary  to  determine  whether  the  installation  is  to  be  operated  by 
manual  or  automatic  control.  The  available  controls  and  the  function  of 
each  group  of  apparatus  may  be  outlined  as  follows: 

1.  Manual  Control: 

a.  To  establish  current. 

(1)  Snap  switch. 

(2)  Knife  switch. 

(3)  Manually  operated  contactor, 

(4)  Drum  switch. 

fe.  Establish  current  and  add  overload  protective  device. 

(1)  Snap  switch  with  overload  element. 

(2)  Knife  switch  with  fuse  or  thermal  cutout. 

(3)  Manual  contactor  with  overload  protective  device;  also  reduced  voltage 
starting  compensator. 

(4)  Drum  switch  with  overload  protection. 

c.  Establish  current  and  add  overload  and  low  voltage  protective  devices. 

(1)  Not  used. 

(2)  Not  used. 
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(3)  Manual  contactor  or  reduced  voltage  compensator  with  overload  and  low 
voltage  release. 

(4)  Drum  switch  equipped  with  latch  coil  to  give  low  voltage  release. 

2.  Automatic  Control: 

a.  To  start  on  full  voltage. 

(1)  Without  overload  device. 

(2)  With  overload  device. 

(3)  With  combination  overload  device  and  knife  switch. 

b.  Reduced  voltage  starting. 

(1)  Primary  resistance  type  starter. 

(2)  Auto  compensator  type. 

(3)  Reactance  type. 

PILOT  CONTROLS 

In  selecting  pilot  control  devices  to  operate  in  conjunction  with  either 
manual  or  automatic  motor  control,  it  is  necessary  that  they  be  classified 
as  follows: 

1.  Two  Wire  Control.     Most  thermostats,  float  switches,  and  pressure   regulators 
provide  two  wire  control  which  gives  low  voltage  release.    A  three  position  pilot  switch 
can  be  used  in  connection  with  this  method  and  thus  provide  manual  control.    With  a 
low  voltage  (12  or  20  volt)  control  circuit  it  is  desirable  to  use  a  low  voltage  thermostat. 
When  this  type  of  thermostat  is  used  it  will  be  found  that  a  saving  in  tne  wiring  cost 
results.    When  using  the  low  voltage  thermostat  on  a  control  circuit  a  relay  and  trans- 
former panel  should  be  used  instead  of  the  low  voltage  coil  on  the  starter* 

2.  Three  Wire  Control.    Momentary  contact  start  and  stop  push  button  stations  are 
usually  furnished  as  standard  accessories  with  automatic  starters,  which    give   low 
voltage  protection.    This  control  cannot  be  used  in  combination  with  two  wire  pilot 
'devices. 

In  selecting  manual  control  for  an  alternating  or  a  direct  current  motor, 
the  common  practice  is  to  locate  the  control  near  the  motor.  When  the 
control  is  installed  at  the  motor,  an  operator  must  be  present  to  start  and 
stop  or  change  the  speed  of  the  motor  by  operating  the  control  mechanism. 
Frequently  manual  control  is  employed  only  as  a  device  to  give  overload 
protection  and  another  device  is  employed  to  start  and  stop  the  motor. 
Manual  control  is  used  particularly  on  small  motors  which  operate  unit 
heaters,  small  blowers,  and  room  coolers  in  an  air  conditioning  system. 
In  other  cases  manual  control  in  the  form  of  drums,  when  used  with 
multispeed  motors,  is  only  used  as  a  speed  setting  device  with  the  starting 
and  stopping  functions  operated  automatically  through  thermostats,  and 
pressure  switches. 

Because  of  the  increasing  complexity  of  air  conditioning  systems, 
heating,  ventilating  and  air  conditioning  equipment  is  being  operated  on 
automatic  control  with  less  dependence  on  manual  operation  and  regu- 
lation. 

Automatic  control  of  motor  starters  may  be  accomplished  by  the  use  of 
remote  push  button  stations,  by  a  thermostat,  float  switch,  pressure  regu- 
lator or  other  similar  pilot  devices.  An  added  advantage  of  automatic 
control  is  that  the  main  wiring  for  the  starter  may  be  installed  near  the 
motor,  while  the  starter  may  be  operated  by  a  control  device  located  else- 
where. In  the  majority  of  air  conditioning  installations,  requiring  motors 
1  hp  and  larger,  two  or  three  phase  alternating  current  is  usually  supplied. 
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DIRECT  CURRENT  MOTOR  CONTROLS 

Air  conditioning  installations  using  direct  current  power  are  now  only 
used  where  alternating  current  is  not  available.  Direct  current  motors 
are  always  ^started  through  starters,  which  are  devices  using  a  resistance 
to  be  put  in  series  with  the  armature  circuit  during  starting  only,  the 
resistance  being  gradually  cut  out  as  the  motor  comes  up  to  speed.  The 
starting  current  is  held  within  safe  limits  by  the  use  of  the  resistance. 

The  speed  of  a  direct  current  motor  may  be  regulated  by  the  following 
methods : 

1.  Spaced  regulation  by  field  control — by  using  a  device  with  resistance  to  be  put  in 
series  with  the  field  winding.   After  the  motor  has  been  started  to  be  used  to  increase  the 
speed  of  the  motor  above  full  field  speed. 

2.  Speed  regulation  by  armature  control — by  using  devices  with  resistance  to  be  put 
in  series  with  the  armature  circuit  to  be  used  to  reduce  the  speed  of  the  motor  below  full 
field  or  normal  speed. 

3.  Combinations  of  field  and  armature  control,  so  that  the  starting,  field  control,  or 
armature  control  may  be  combined  in  a  single  unit. 

Field  control  is  usually  preferred,  depending  on  the  size  of  the  instal- 
lation. For  example,  if  a  direct  current  motor  were  required  with  speed 
regulation  between  1200  and  600  rpm,  a  choice  of  supplying  a  1200  rpm 
motor  with  armature  control  or  a  600  rpm  motor  with  field  control,  both 
giving  the  same  speed  variation  would  be  possible.  While  the  1200  rpm 
motor  with  armature  control  is  lower  in  first  cost  than  the  600  rpm  motor 
with  field  control,  the  cost  of  operating  the  600  rpm  motor  with  field 
control  is  less  and  will  save  the  difference  in  first  cost  over  a  period  of  time 
depending  on  the  size  of  installation.  A  wide  speed  variation  can  be  easily 
obtained  in  a  direct  current  motor  by  using  a  combination  of  field  and 
armature  control. 

SQUIRREL  CAGE  MOTOR  CONTROL 

To  meet  the  requirements  of  various  drives  of  an  air  conditioning 
system,  three  types  of  squirrel  cage,  two  or  three  phase  motors  may  be 
used: 

1.  Normal  torque,  normal  starting  current. 

2.  Normal  torque,  low  starting  current. 

3.  High  torque,  low  starting  current. 

Because  of  the  large  current  inrush  of  the  normal  torque,  normal 
starting  current  motor,  central  stations  usually  require  current  limiting 
starting  equipment  on  such  motors  above  5  hp.  To  meet  the  starting 
current  requirements,  manual  or  automatic  current  limiting  starting  com- 
pensators are  used.  These  compensators  are  equipped  with  50,  65  and 
80  per  cent  voltage  taps,  the  65  per  cent  tap  being  regularly  furnished 
when  the  compensator  leaves  the  factory.  Motors  5  hp  and  smaller  have 
starting  currents  within  the  requirements  of  central  stations  and  manual 
or  magnetic,  full  voltage  control  may  be  used. 

The  normal  torque,  low  starting  current  motor  has  a  starting  current 
which  is  approximately  20  per  cent  less  than  the  normal  current  motor  on 
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full  voltage  and  well  within  the  required  current  limits  on  30  hp  sizes  and 
smaller.  This  motor,  therefore,  lends  itself  to  across-the-line  control 
because  no  current  limiting  equipment  is  necessary.  In  selecting  motors 
for  fans,  pumps,  or  blowers,  it  should  be  noted  that  while  the  cost  of  the 
normal  starting  torque,  low  starting  current  motor  is  higher,  the  cost  of 
full  voltage  control  is  lower,  so  that  the  total  cost  of  low  starting  current 
motors  with  across-the-line  control  is  lower. 

A  magnetic  starter  with  low  voltage  and  thermal  overload  protection 
gives  the  most  satisfactory  service.  These  switches  may  be  controlled 
by  remote  push  button  stations,  thermostats,  or  pressure  switches  to 
meet  the  requirements  of  any  particular  installation. 

The  high  torque,  low  starting  current  motor  has  a  starting  ^current 
approximately  10  per  cent  less  than  the  normal  torque,  low  starting  cur- 
rent motor  when  started  on  full  voltage.  These  motors,  most  commonly 
used  on  compressor  drive,  can  be  started  directly  across-the-line  with 
manual  or  magnetic  starters. 

Adjustable  varying  speed  motor  control  by  terminal  voltage  regulation 
requires  a  tap-changing  switch  manually  or  magnetically  operated.  Such 
a  control  switch  operates  to  alter  the  voltage  applied  to  the  motor  by 
contacting  different  auto-transformer  voltage-ratio  taps  or  by  changing 
the  amount  of  resistance  inserted  in  the  primary  or  line  circuit. 

MULTISPEED  MOTOR  CONTROL 

To  make  an  installation  more  flexible,  multispeed  motors  are  available 
with  two,  three  or  four  speed  designs,  with  variable  torque,  constant 
torque  or  constant  horsepower  characteristics.  Multispeed  may  be 
started  by  means  of  manual  or  magnetic  starting  equipment. 

When  using  automatic  magnetic  control  with  two,  three,  and  four 
speed  separate  winding  or  consequent  pole  motors,  control  is  obtained 
from  a  remote  point  by  means  of  a  push  button  master  switch.  The 
various  speeds  of  the  motor  are  obtained  from  the  master  switch  by 
simply  depressing  the  correct  push  button,  which  is  known  as  selective 
speed  control.  It  is  commonly  used  in  the  smaller  theater  installations 
where  the  fan  and  motor  are  located  backstage  and  the  speed  control  is 
located  in  the  lobby. 

Magnetic  multispeed  motor  controllers  may  also  be  provided  with  a 
compelling  relay  which  makes  it  necessary  that  the  operator  press  the  first 
speed  button  before  regulating  the  motor  to  the  desired  speed.  This 
assures  the  operator  that  the  motor  is  always  started  at  low  speed  before 
the  motor  is  adjusted  to  one  of  the  higher  speeds.  Starting  on  low  speed 
limits  the  starting  current  to  the  starting  current  of  the  low  speed  winding, 
and  therefore,  permits  the  use  of  motors  in  sizes  larger  than  ordinarily 
permitted  by  central  stations  for  full  voltage  starting. 

Timing  relays,  which  provide  for  automatic  acceleration,  may  be  used 
for  control.  With  the  automatic  acceleration  feature,  it  is  only  necessary 
to  press  the  button  for  the  desired  speed.  The  motor  will  always  start 
in  low  speed  and  automatically  step  up  to  the  desired  speed. 

Where  the  change  of  speeds  does  not  occur  at  regular  intervals,  and 
where  it  is  only  necessary  to  change  from  one  speed  to  another  to  take 
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care  of  seasonal  requirements,  a  manual  drum  speed  selector  may  be  used. 
This  drum  is  used  to  select  the  proper  motor  speed  while  an  automatic 
starter  is  used  to  start  and  stop  the  motor. 

The  smaller  size  speed  selector  drums  rated  10  hp  at  220  volts  and 
smaller  may  also  be  used  as  a  motor  starter  to  make  and  break  the  current, 
as  well  as  serving  as  a  speed  selector  device.  Reversible  or  non-re- 
versible drums  may  be  supplied  depending  on  the  requirements  of  the 
installation. 

In  the  large  size  drums,  a  separate  contactor  must  be  provided  to  make 
and  break  the  current.  The  contactor  may  be  any  approved  starter. 
Overload  and  low  voltage  protection  may  be  accomplished  by  using  a 
magnetic  starter.  No  push  button  station  is  required,  the  handle  switch 
on  the  drum  having  the  same  characteristics  as  a  three  wire  push  button 
station. 

In  selecting  two  speed  motors  for  fan,  pump,  blower,  or  compressor 
drive  it  will  be  found  that  the  two  winding  motors  are  more  expensive 
than  the  single  winding.  The  control  for  two  speed,  two  winding  motors 
is  more  economical  and  the  combined  price  of  the  motor  and  contactor  is 
only  slightly  higher.  Because  of  the  better  performance  of  the  two  speed 
motor  and  the  factor  of  safety  in  having  two  independent  motor  windings, 
the  increased  cost  is  considered  worth  the  difference. 

SLIP  RING  MOTOR  CONTROL 

When  close  speed  regulation  and  low  starting  current  are  required  slip 
ring  or  wound  rotor  motors  are  used.  Slip  ring  motors  are  built  for  two 
classes  of  service,  constant  speed  and  adjustable  varying  speed.  The 
motors  for  the  two  classes  of  service  are  identical,  the  only  difference 
being  in  the  secondary  control  used  with  the  motors.  Control  for  both 
primary  and  secondary  of  a  slip  ring  motor  is  required. 

The  primary  control  for  a  constant  or  adjustable  speed  is  the  same  type 
as  used  with  squirrel  cage  motors.  Manual  or  magnetic  starters,  across- 
the-line  type,  may  be  used  depending  on  the  installation. 

The  starting  current  and  starting  torque  of  a  slip  ring  motor  are  almost 
entirely  dependent  on  the  amount  of  resistance  in  the  secondary  control 
and  in  the  manner  in  which  the  secondary  control  is  operated.  The 
National  Electric  Manufacturers  Association  has  adopted  service  classi- 
fications which  allow  a  selection  of  resistors  permitting  a  starting  current 
on  the  first  contact  of  resistance  varying  from  approximately  25  per  cent 
of  full  load  current  to  approximately  200  per  cent  of  full  load  current  or 
more,  and  permitting  the  resistor  to  remain  in  the  secondary  circuit  of  the 
motor  for  a  period  varying  from  not  more  than  15  seconds  during  an 
interval  of  operation  from  4  minutes  to  continuous, 

Speed  regulation  of  a  slip  ring  motor  is  obtained  by  inserting  resistance 
in  the  secondary  circuit  and  usually  provides  for  a  50  per  cent  speed 
reduction  when  the  motor  takes  its  full  rated  current  at  normal  speed. 
As  resistors  are  supplied  for  both  fan  duty  and  constant  torque  duty,  care 
should  be  taken  in  selecting  the  proper  resistors. 

Slip  ring  motors  when  used  with  centrifugal  pumps  and  fans  should  have 
fan  duty  resistors.  Because  of  the  low  current  inrush  of  the  fan  and  pump 

651 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

load  a  starting  resistor  NEMA  classification  No.  15  may  be  used.  For 
speed  regulation  resistor,  classification  No.  93  should  be  selected.  On  a 
compressor  drive  using  an  unloader,  a  constant  torque  resistor  classi- 
fication No.  15  should  be  used.  If  the  compressor  is  started  under  load, 
NEMA  classification  No.  56  or  76  is  used.  For  constant  torque  speed 
regulation,  resistor  No.  95  is  used. 

SINGLE  PHASE  MOTOR  CONTROL 

Where  three  phase  current  is  not  available  or  where  single  phase  opera- 
tion is  preferred,  then  single  phase  repulsion  induction,  capacitor  type  or 
multispeed  single  phase  motors  may  be  used.  Since  the  starting  currents 
of  all  single  phase  motors  are  required  to  be  within  the  starting-current 
limits  established  by  the  local  power  supply  company,  a  suitable  type  of 
starter  may  be  chosen  from  the  following  selection : 

1.  Enclosed  two  pole  manually  operated  motor  starters  with  thermal  overload 
protection. 

2.  Enclosed  two  pole  automatic  motor  starter  operated  by  a  push  button,  thermostat 
or  similar  device,  with  thermal  overload  relay  and  low  voltage  protection, 

3.  A  manual  or  magnetic  resistance  type  starter  with  low  voltage  protection. 

4.  A  manual  or  magnetic  control  for  pole  changing  motors  and  for  adjustable  varying 
speed  motors  using  an  auto-transformer  or  resistance  in  the  primary  circuit  to  obtain 
line  (or  terminal)  voltage  drop. 

In  selecting  across-the-line  control  for  single  phase  capacitor  type 
motors  it  is  usually  very  desirable  to  use  three  pole  across-the-line  starters. 
Control  for  multispeed,  single  phase  capacitor  motors  may  be  selected 
from  tables  on  three  phase  rating  when  consideration  is  given  to  the 
increased  current  and  the  necessary  switching  of  connections. 
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Chapter  36 

AIR  CONDITIONING  IN  THE  TREATMENT 
OF  DISEASE 

Operating   Rooms,    Reducing   Explosion   Hazards,   Nurseries 

for  Premature  Infants,  Fever  Therapy 9  Cold  Therapy,  High 

Temperature  Hazards,  Control  of  Allergic  Disorders,  Oxygen 

Therapy,  General  Hospital  Air  Conditioning 

IN  the  past  few  years  air  conditioning  has  made  considerable  progress 
as  an  adjunct  in  the  treatment  of  various  diseases.  Among  the 
important  applications  are  those  in  operating  rooms,  nurseries  for 
premature  infants,  maternity  and  delivery  rooms,  children's  wards, 
clinics  for  arthritic  patients,  heat  therapy,  cold  therapy,  oxygen  therapy, 
X-ray  rooms,  the  control  of  allergic  disorders,  and  for  the  physiological 
effects  in  industry. 

OPERATING  ROOMS 

The  widest  application  of  air  conditioning  in  hospitals  is  in  operating 
rooms.  Complete  air  conditioning  of  operating  wards  is  important 
because  winter  humidification  helps  reduce  the  danger  of  anesthetic 
gases,  summer  cooling  with  some  dehumidification  is  needed  to  eliminate 
excessive  fatigue  and  to  protect  the  patient  and  operating  personnel,  and 
finally,  filtering  for  the  removal  of  allergens  from  the  operating  room  air. 

Reducing  Explosion  Hazard 

Explosion  hazards  in  operating  rooms  began  with  the  introduction  of 
modern  anesthetic  gases  and  apparatus.  Ether  administered  by  the  old 
drop  method  is  still  regarded  as  comparatively  safe;  but  when  mixed 
with  pure  oxygen  or  with  nitrous  oxide  in  certain  concentrations  the 
explosion  hazard  may  be  as  great  as  with  ethylene-oxygen,  or  cyclopro- 
pane-oxygen mixtures1.  (See  Table  1.) 

During  the  course  of  ethylene  anesthesia  the  mixture,  usually  80 
per  cent  ethylene  and  20  per  cent  oxygen,  is  so  rich  that  the  danger  of 
explosion  is  slight  in  the  immediate  vicinity  of  the  face  mask,  but  leakage 
of  ethylene  into  the  air  may  accumulate  to  any  lower  concentration,  and 
thus  introduce  a  serious  hazard.  The  most  dangerous  period  is  at  the 
end  of  the  operation  when  the  patients'  lungs  and  the  anesthesia  apparatus 
are  customarily  washed  out  with  oxygen  with  or  without  the  addition  of 


^Safeguarding  the  Operating  Room  Against  Explosions,  by  Victor  B.  Phillips  (Modern  Hospital,  40, 
April  and  May,  1936). 
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carbon  dioxide.  Even  when  this  procedure  is  omitted,  it  is  difficult  in 
practice  to  avoid  dilution  of  the  anesthetic  gas  with  air  during  the  normal 
course  of  breathing  following  the  administration.  In  either  case  the 
mixture  would  pass  through  the  explosion  range  and  extraordinary 
precaution  is  necessary  for  the  safety  of  the  patient  and  operating 
personnel. 

Copious  ventilation  from  6  to  12  air  changes  per  hour  reduces  to  some 
extent  the  danger  from  the  open  drop  method  but  is  of  little  value  in  the 
closed  system  type  of  anesthetic  machine  now  in  common  use.  However, 
this  abundant  circulation  reduces  the  concentration  of  anesthetic  gases 
to  below  the  physiologic  threshold  so  that  the  surgeon  and  his  personnel 
will  not  be  affected. 

The  most  important  cause  of  accidents  is  probably  static  sparks  which 
may  result  from  accumulation  of  frictional  charges  on  the  rubber  surfaces 
of  the  anesthesia  apparatus,  on  woolen  blankets,  and  on  the  bodies  of 
the  operators  as  they  walk  on  insulated  floors,  when  the  humidity  is  low. 
Grounding  the  various  parts  of  the  anesthesia  apparatus  is  not  entirely 


TABLE  1.    EXPLOSIVE  PROPERTIES  OF  ANEsraETicsa 


ANESTHETIC 

FORMULA 

DENSITY 

AIB  «•  1 

LIMITS  or  INFLAMMABILITY 

IN  Am 

IN  OXYGBN 

Lower 

Upper 

Lower 

Upper 

Ethylene.  . 

CZH* 
CzHs 
CzH* 
N20 
CtHtCl 
(C2H8)20 
(C2H5)Z0 
CHCh 

0.97 
1.45 
1.45 
1.52 
2.23 
2.42 
2,56 
4.12 

2.75 
2.00 
2.40 

4.00 
1.70 
1.85 

28,6 
11,1 
10,3 

1~4.8 
27.0 
36,5 

2.90 
2.10 
2.45 

Not  Infla 

1.85 
2,10 
Not  Infli 

79.9 

52.8 
63.1 
.mmable 

85.5 
82.0 

immable 

Propylene  

Cyclopropane        

Nitrous  Oxide  

Ethyl  Chloride 

Ether-divinyl  
Ether-diethyl  

Chloroform. 

aExplosion  and  Fire  Hazards  of  Combustible  Anesthetics  (U.  S.  Bureau  of  Mines,  Report  of  Investi- 
gations No.  3443,  April,  1939). 

effective,  so  long  as  rubber  remains  in  use  in  the  conventional  equipment. 
Some  form  of  protective  grounding  within  the  apparatus  may  be  a  partial 
solution. 

A  comprehensive  study  of  the  explosion  problem  and  of  the  general 
causes  and  prevention  of  operating  room  hazards  is  being  conducted 
by  the  University  of  Pittsburgh,  the  A.S.H.V.E.  Research  Laboratory, 
and  the  U.  S.  Bureau  of  Mines.  The  first  result  of  this  investigation  has 
been  a  fruitful  attempt  to  eliminate  the  explosive  range  of  cyclopropane, 
one  of  the  best  but  most  difficult  gases  to  handle.  The  use  of  helium  as  a 
diluent  in  the  total  gaseous  mixture  controls  the  oxygen  concentration  by 
replacement  and  since  its  flame  quenching  qualities  are  known  it  is  the 
ideal  gas  for  this  purpose.  In  addition,  a  gaseous  mixture  containing 
helium  is  more  difficult  to  ignite  by  electric  discharges  and  this  quality 
also  increases  the  safety  factor  of  anesthetic  administration.  A  more 
general  idea  of  the  mixtures  containing  cyclopropane,  oxygen  and  helium 
necessary  to  produce  satisfactory  anesthesia  is  given  in  Table  2.  Clini- 
cally and  with  slight  variation,  the  noninflammable  mixtures  of  Table  2 
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have  produced  satisfactory  results  and  samples  of  gas  taken  during 
operation  show  no  tendencies  to  explosion. 

In  the  absence  of  more  understanding,  no  single  safeguard  can  be  given, 
but  desirable  precautions  may  be  classed  as  follows:  (1)  to  limit  the 
region  of  the  explosive  gas  mixtures;  (2)  to  make  all  electric  contacts 
explosion-proof;  (3)  to  avoid  building  up  static  charges;  (4)  to  ground 
those  surfaces  where  charges  may  be  built  up;  and  (5)  to  discourage 
accumulation  of  static  electrical  charges  by  humidity  control. 

Operating  Room  Conditions 

Little  is  known  about  optimum  air  conditions  for  maintaining  normal 
body  temperatures  during  anesthesia  and  the  immediate  post-operative 
period.  An  anesthetized  patient  displays  dilatation  of  blood  vessels  in 
the  skin  resulting  in  profuse  sweating  and  (it  has  been  believed)  inability 
to  regulate  body  temperature.  From  this  it  was  concluded  that  all 
anesthetized  patients  suffered  considerable  heat  loss.  In  spite  of  this  a 
recent  paper*  reports  little  more  than  0.8  F  variation  in  the  rectal  tem- 
perature during  the  course  of  the  operation.  The  severe  physiological 

TABLE  2.   NONI NFL AMM ABLE  MIXTURES  FOR  ANESTHETIC  USE* 


MIXTURE 
No. 


COMPOSITION,  PER  CENT  BY  VOLUME 

Cyclopropane 

Oxygen 

Helium 

15 

20 

65 

20 

20 

60 

25 

25 

50 

30 

30 

40 

aExplosive  Properties  of  .Cyclopropane:  Prevention  of  Explosions  by  Dilution  with  Inert  Gases  (U".  S. 
Bureau  of  Mines,  Report  of  Investigations  No.  3511,  May,  1940). 

effects,  such  as  excessive  sweating  and  rapid  pulse,  of  high  operating 
room  temperatures  on  attendants  and  patients  during  the  hot  months 
signify  the  need  for  proper  _  cooling,  A  comparison  of  surgeons'  state- 
ments who  operate  in  both  air  conditioned  and  non  air  conditioned  rooms 
strongly  indicates  lesser  fatigue;  and  the  greater  recuperative  power  of 
the  patient  is  confirmed  by  the  previously  referred  to  study3. 

Although  the  comfortable  air  conditions  for  the  operatives  are  not 
identical  with  those  for  the  patient  a  compromise  is  as  a  rule  not  difficult; 
with  a  relative  humidity  of  55  to  60  per  cent,  temperatures  from  72  to 
80  F  are  used.  The  work  just  cited,  reported  that  68  to  70  deg  effective 
temperature  not  only  furnished  comfort  for  the  operating  room  workers 
but  apparently  prevented  exhaustion  of  the  patient  as  evidenced  by  rapid 
convalescence  in  the  recovery  ward.  Additional  heat  may  be  furnished 
to  the  patient  locally  or  by  suitable  covering  according  to  body  tem- 
perature in  individual  cases. 


3A.S.H.V.E,  RESEARCH  REPORT  No,  1111— Air  Conditioning  Requirements  of  an  Operating  Room  and 
Recovery  Ward,  by  F.  C.  Houghten  and  W.  Leigh  Cook,  Jr.  (A.S.H.V.E.  TRANSACTIONS,  Vol.  45,  1939, 
p.  161). 

»Loc.  Cit.  Note  2. 
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In  an  investigation  recently  conducted  at  the  University  of  Pittsburgh, 
in  a  cooperative  research  program  with  the  Society,  comparative  studies 
were  made  on  the  bacterial  content  of  conditioned  and  non-conditioned 
operating  rooms.  From  these  studies4  it  was  concluded  that  the  bacterial 
content  of  conditioned  operating  rooms  was  considerably  less  than  that 
of  non-conditioned  rooms.  Although  this  difference  may  not  be  great  it 
is  sufficient  to  demonstrate  that  properly  conditioned  spaces  with  adequate 
filtration  can  definitely  reduce  the  bacterial  and  other  foreign  substance 
content  in  an  enclosure, 

The  increasing  incidence  of  allergies  or  of  their  recognition  is  becoming 
a  factor  in  the  operating  room.  Operations  may  be  postponed  on  allergic 
patients  during  asthmatic  manifestations  through  fear  of  complications, 
The  removal  of  the  allergens,  therefore,  is  in  some  cases  an  important 
function  of  the  air  conditioning  system. 

Central  system  air  conditioning  plants  and  unit  air  conditioners  prove 
satisfactory  in  operating  rooms  when  producing  between  8  and  15  air 
changes  per  hour  of  filtered  and  properly  conditioned  air  without  recircu- 
lation  during  the  course  of  anesthesia.  A  separate  exhaust  fan  system  is 
as  a  rule  necessary  to  confine  and  remove  the  gases  and  odors.  Double 
windows  are  desirable  and  often  necessary  to  prevent  condensation  and 
frosting  on  the  glass  ^  in  cold  weather  and  to  minimize  drafts.  The  high 
air  flow  of  8  to  15  air  changes  in  operating  rooms  is  desirable  for  three 
reasons:  (1)  to  reduce  the  concentration  of  the  anesthetic  to  well  below 
the  physiologic  threshold  in  the  vicinity  of  the  operating  personnel, 
(2)  to  remove  the  great  amounts  of  heat  and  sometimes  moisture,  from 
sterilizing  equipment  if  inside  the  operating  room,  from  the  powerful 
surgical  lights,  from  solar  heat,  and  from  the  bodies  of  the  operatives, 
and  (3)  to  provide  extra  capacity  for  quickly  preparing  the  room  for 
emergency  operations.  Much  can  be  gained  by  careful  insulation  of 
sterlizing^  equipment  and  by  thorough  exhaust  ventilation  of  sterilizing 
rooms  adjoining  the  operating  rooms, 

A  very  common  complication  presumably  traceable  to  operations  is 
pneumonia.  The  difference  in  conditions  between  the  operating  room 
and  the  final  hospital  destination  of  the  patient,  including  corridors  and 
elevators,  is  conducive  to  post-operative  pneumonia.  A  suggested 
remedy  is  a  recovery  ward  where  conditions  closely  approximate  those 
of  the  operating  room  and  in  which  the  patients  remain  from  one  to  four 
days.  Satisfactory  conditions  in  the  recovery  ward  not  only  hasten 
convalescence,  but  dispel  the  fear  frequently  found  in  patients  who  must 
undergo  operations  during  the  hot  seasons5, 

Sterilization  of  Air  in  Operating  Room 

Of  considerable  significance  to  operating  rooms  and  contagious  wards 
is  the  use  of  ultra-violet  radiation  for  sterilizing  the  air6.  Results  reported7 


Cook'  Jr'  (Department  of  Industrial 
fiReport  of  the  Committee  on  Air  Conditioning  (The  American  Hospital  Association,  1937,  p.  2). 

"  Infecti°n  and  Sanitary  Air  Control,  by  W.  F.  Wells  (Journal  Industrial  Hygiene,   17:253, 


Bwtericldal  Radiant 
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would  indicate  that  the  post-operative  temperature  rise  of  patients 
during  the  first  few  days  is  in  most  instances  caused  more  by  bacterial 
contamination  of  the  operative  wound  than  by  the  absorption  of  blood 
and  traumatized  tissues.  Operating  room  infections,  which  were  quite 
frequent  before  the  installation  of  special  ultra-violet  lamps,  are  ap- 
parently being  reduced. 

Direct  ultra-violet  radiation  is  distinctly  advantageous  in  sterilizing 
not  only  the  site  of  operation  but  also  wounds  to  prevent  the  spread  of 
infection.  In  infants'  wards,  contagious  disease  wards,  and  even  in 
school  rooms^,  the  sterilizing  effects  are  definitely  known.  Whether  an 
air  conditioning  system  with  ultra-violet  installations  in  the  ducts  is  a 
feasible  procedure  is  controversial;  but  it  would  appear  that  this  indirect 
method  is  not  as  satisfactory  as  the  direct  in  the  light  of  present  reported 
knowledge. 

TABLE  3.    NET  MORTALITY  OF  PREMATURE  INFANTS  ACCORDING  TO  HUMIDITY** 
Infants  Hospital,  Boston,  Mass. 


CAUSK  OF  DEATH 

UNCONDITIONED 
NURSERIES 
(1923-1925) 

CONDITIONED  NtnasERiBS 
(1926-1929) 

NATUHAL  HUMIDITT 

RELATIVE  HUMIDITT 

25-49 
Per  Cent 

50-75 
Per  Cent 

Per  Cent  Mortality 

Per  Cent  Mortality 

Per  Cent  Mortality 

Acute  and  chronic  infections  
Congenital  deformities  

26.5 
1.2 
1.2 

9.7 
0.0 

4.8 

0.0       , 
0.7 
0.0 

Unclassified 

All  causes  

28.9 

34.5 

0.7 

aExduding  cases  with  multiple  congenital  anomalies  incompatible  with  life,  and  also  deaths  occurring 
within  48  hours  after  admission  to  the  hospital. 

NURSERIES  FOR  PREMATURE  INFANTS 

One  of  the  most  important  requirements  in  the  care  of  premature 
infants  is  the  stabilization  of  body  temperature.  This  is  because  their 
heat  regulating  systems  are  not  fully  developed;  the  metabolism  is  low 
and  the  infants  generally  exhibit  marked  inability  to  maintain  normal 
body  temperatures.  The  resistance  to  infection  is  low  and  mortality 
rate  high. 

Air  Conditioning  Requirements 

The  optimum  air  conditions  for  the  growth  and  development  of  these 
infants  were  determined  by  extensive  research9  at  the  Infants  Hospital, 
Boston,  Mass.,  using  four  valid  criteria,  namely,  stability  of  body 
temperature,  gain  in  weight,  incidence  of  digestive  syndromes,  and  mor- 
tality. Individual  temperature  requirements  varied  widely  (from  72  to 


8The  Premature  Infant:  A  Study  of  the  Effects  of  Atmospheric  Conditions  on  Growth  and  on  Develop- 
ment, by  K,  D.  Blackfan,  C.  P.  Yaglou  and  K.  McKenaie  (American  Journal  Diseases  of  Children.  46: 
1175,  1933). 
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100  F)  according  to  the  constitutional  state  of  the  infants  and  body 
weights.  The  optimum  relative  humidity  was  about  65  per  cent,  and 
the  air  movement  less  than  20  fpm. 

A  single  nursery  conditioned  to  77  F  and  65  per  cent  relative  humidity 
was  found  to  fulfill  satisfactorily  the  requirements  of  the  majority  of 
premature  infants.  Additional  heat  for  weak  (or  debilitated)  infants 
may  be  furnished  in  the  cribs  or  by  means  of  electric  incubators  placed 
inside  the  conditioned  nursery,  and  the  temperature  adjusted  according 
to  individual  requirements.  In  this  way  multiplicity  of  chambers  and 
of  air  conditioning  apparatus  is  obviated ;  the  infants  in  the  heated  beds 
derive  the  benefit  of  breathing  cool  humid  air,  and  the  nurses  and  doctors 
need  not  expose  themselves  to  extreme  conditions. 

Importance  of  Humidity:  Although  external  heat  is  an  important 
factor  in  the  maintenance  of  normal  body  temperature,  humidity  appears 
to  be  of  equal  or  greater  importance.  When  the  premature  nurseries  at 
the  Infants  Hospital  were  kept  at  relative  humidity  between  25  and  50 
per  cent  for  two  weeks  or  longer,  the  body  temperature  became  unstable, 
gain  in  weight  diminished,  the  incidence  of  gastro-intestinal  disturbances 
increased,  and  the  mortality  rose.  On  the  other  hand,  continuous 
exposure  to  air  conditions  with  55  to  65  per  cent  relative  humidity  gave 
satisfactory  results  over  a  period  of  years.  The  effect  of  humidity  on 
mortality  is  shown  in  Table  3.  The  initial  physiologic  loss  of  body  weight 
(loss  occurring  within  first  four  days  of  life)  was  found  to  vary  inversely 
with  the  humidity.  In  the  old  nurseries  with  natural  humidity  it  aver- 
aged 12.4  per  cent  of  the  birth  weight;  in  the  conditioned  nurseries  it  was 
8.9  per  cent  with  25  to  49  per  cent  relative  humidity,  and  6.0  per  cent 
with  50  to  75  per  cent  relative  humidity.  The  number  of  days  required 
to  regain  the  birth  weight  was  correspondingly  maximum  in  the  old 
nursery  and  minimum  in  the  conditioned  nurseries  under  high  humidity. 

Maximum  gains  in  body  weight  occurred  in  the  conditioned  nurseries 
under  high  humidity  (55  to  65  per  cent)  in  infants  weighing  less  than 
5  Ib.  The  gains  were  less  under  low  humidity  (25  to  50  per  cent)  in  the 
same  nurseries,  and  in  the  old  nurseries  prior  to  the  installation  of  air 
conditioning  apparatus. 

The  incidence  and  severity  of  digestive  syndromes,  with  diarrhea, 
persistent  vomiting;,  diminishing  gain  or  loss  of  body  weight,  and  other 
symptoms,  were  generally  from  two  to  three  times  as  high  under  low  than 
under  high  humidity. 

Summarizing^  the  best  chances  for  life  in  premature  infants  are 
created  by  maintaining  a  relative  humidity  of  65  per  cent  in  the  nursery 
and  by  providing  a  uniform  environmental  temperature  just  sufficiently 
high  to  keep  the  body  temperature  within  normal  limits.  Medical  and 
nursing  care  are,  of  course,  factors  of  equal  and  sometimes  of  greater 
importance. 

Air  Conditioning  Equipment 

Most  of  the  installations  now  in  use  are  of  the  central  system  type 
providing  for  filtration,  for  humidification  and  heating  in  cold  weather, 
and  for  cooling  and  dehumidification  in  hot  weather.  A  high  ventilation 
rate,  between  15  and  25  air  changes,  is  desirable  to  remove  odors  and 
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maintain  uniformity  of  temperatures  in  extremes  of  weather.  Recircu- 
lation  is  not  used  extensively  in  these  wards  owing  to  odors  and  the 
possibility  of  infection. 

FEVER  THERAPY 

Artificial  production  of  fever  in  man  is  an  imitation  of  nature's  way 
of  overcoming  invading  pathogenic  organisms.  The  action  may  be  direct 
and  specific  by  destruction  of  the  invading  organism  within  the  safe 
limit  of  human  temperatures,  or  indirect  in  the  case  of  heat  resistant 
organisms,  by  general  mobilization  of  the  defensive  mechanisms  of  the 
body,  which  retard  or  neutralize  the  activity  of  pathogenic  bacteria  and 
their  toxins. 

The  limits  of  induced  systemic  fever  are  usually  between  104=  and  107  F 
(rectal),  and  the  duration  from  3  to  8  hours  at  a  time.  The  total  period 
of  fever  treatment  varies  with  the  type  of  the  organism  involved  from  a 
few  hours  to  50  or  more, 

The  diseases  which  respond  favorably  to  artificial  fever  therapy  are 
gonorrhea  and  its  complications,  (which  include  arthritis,  pelvic  in- 
fections in  women,  and  involvement  of  the  eye),  syphilis,  chorea,  infec- 
tious arthritis  (non-gonorrheal),  encephalitis,  and  some  forms  of  asthma. 
There  are  other  conditions  which  show  promise  under  this  treatment; 
but  the  most  striking  results  are  seen  in  gonorrhea  and  syphilis,  since  the 
causative  organisms  can  be  destroyed  at  temperatures  compatible  with 
human  life9. 

Equipment  for  Production  of  Fever 

Various  means  have  been  tried  for  producing  artificial  fever,  including 
injections  of  various  crystalloid  or  colloid  substances,  bacterial  products 
of  typhoid  and  malarial  organisms;  a  number  of  physical  methods,  such 
as  hot  baths,  radiant  heat,  diatherm,  radiothermy,  and  in  the  last  few 
years,  air  conditioned  chambers.  The  relative  advantages  and  dis- 
advantages of  various  methods  have  been  discussed  in  a  recent  paper10. 
The  results  by  the  use  of  air  conditioned  cabinets  have  not  been  fully 
explored,  and  it  is  therefore  difficult  to  determine  all  the  advantages  and 
disadvantages  of  the  value  of  air  conditioning  at  this  time. 

In  the  earlier  studies  of  the  Society11,  temperatures  were  elevated 
more  easily  using  saturated  atmospheres.  A  fever  therapy  apparatus12 
using  these  same  principles  has  proved  efficient  as  a  means  of  inducing 
and  maintaining  fever  in  a  body  with  small  likelihood  of  burns  because 
of  the  comparatively  low  dry-bulb  temperatures.  This  saturation  factor 
is  in  great  use  today  where  fever  is  created  by  induction  currents  by 


•Report  of  the  First  Year  of  Fever  Therapy  Research  by  the  Department  of  Industrial  Hygiene,  School 
of  Medicine,  University  of  Pittsburgh,  1938. 

"Fever  Therapy  by  Physical  Means,  by  Frank  H.  Kruaen  and  E.  C.  Elkins  (Journal  American  Medical 
Association,  112:  1689-1696,  April  29,  1039). 

"A.S.H.V.E.  RESEARCH  REPORT  No.  654— Some  Physiological  Reactions  of  High  Temperatures  and 
Humidities,  by  W.  J.  McConnell  and  F.  C.  Houghten  (A.S.H.V.E,  TRANSACTIONS,  Vol.  29,  1923,  p.  129). 

"A.S.H.V.E  RESEARCH  REPORT  No.  1054i— Fever  Therapy  Induced  by  Conditioned  Air,  by  F.  C, 
Houghten,  M.  B.  Ferderber  and  Carl  Gutberlet  (A.S.H.V.E.  TRANSACTIONS,  Vol.  43,  1937,  p.  131). 
A.S.H.V.E.  RESEARCH  PAPER — Fever  Therapy  Locally  Induced  by  Conditioned  Air,  by  M.  B.  Ferderber, 
F.  C.  Houghten  and  Carl  Gutberlet  (A.S.H.V.E.  JOURNAL  SECTION,  Heating,  Piping  and  Air  Conditioning, 
May,  1940,  p.  323). 
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placing  the  body  in  an  electrical  field.  When  the  optimum  body  tem- 
perature has  been  reached  by  electrical  induction,  the  atmosphere  of  the 
enclosure  is  kept  at  saturation  to  prevent  heat  loss,  thus  maintaining  the 
patient's  temperature  at  the  desired  point.  Other  apparatus13  which  use 
electric  heaters,  centrifugal  fans,  and  a  water  container  for  humidification 
have  been  used  in  the  past,  but  the  more  recent  trend  is  toward  saturation 
with  a  lower  dry-bulb  temperature. 

When  heat  is  necessary  in  treating  legs  or  arms,  such  media  as  short 
or  long  wave  diathermy,  infra-red,  water  baths,  etc.  have  been  used 
extensively.  A  recent  development,  a  saturated  atmosphere  heating  unit, 
similar  to  one  previously  described14  has  proven  satisfactory,  because 
heat  may  be  administered  over  longer  periods  which  render  deep  heating 
possible  without  fear  of  burns  or  shocks16.  Local  heating  has  been 
somewhat  satisfactory  in  relieving  the  painful  symptoms  of  peripheral 
vascular  disease. 

The  final  criteria  for  the  use  of  fever  therapy  may  be  changed  because 
of  the  introduction  of  certain  drugs  which  appear  prominent  in  the 
experimental  treatment  of  some  diseases  for  which  fever  therapy  has 
been  efficacious. 

COLD  THERAPY 

In  contrast  to  fever  therapy  the  use  of  cold  as  a  means  of  treatment  is 
being  investigated.  From  the  available  literature16  the  chief  virtues  of 
cold  therapy  (cryotherapy)  are  the  reduction  of  pain  due  to  extensive 
cancer  and  the  possibility  that  the  process  may  be  arrested.  For  a 
localized  lesion,  ice  water  between  36  to  48  F  is  circulated  through 
tubing  at  the  site  of  the  disease  for  periods  ranging  from  4  to  48  hours. 
A  later  development  was  the  principle  of  hibernation  during  which  time 
the  patient  is  kept  in  an  air  conditioned  space  with  an  environmental 
temperature  between  50  to  60  F  for  five  days.  The  body  temperature  is 
reduced  below  the  critical  level  of  95  F  to  as  low  as  80  F.  Most  of  the 
vital  processes  of  life  are  at  very  low  ebb  and  this  period  simulates  the 
hibernation  of  the  wild  animals.  Although  relief  of  pain  is  reported  it 
remains  to  be  seen  to  what  extent  this  form  of  treatment  will  be  used. 

HIGH  TEMPERATURE  HAZARDS 

Heat  disease  is  now  classified  as  heat  exhaustion,  heat  cramps,  and 
heat  stroke17.  The  last  was  formerly  thought  to  be  the  result  of  high 
temperatures,  but  in  the  light  of  present  knowledge  is  considered  a  neuro- 
logic defect.  This  inability  to  control  temperature  is  most  frequently 
seen  in  diseases  of  the  nervous  system,  and  heat  stroke,  therefore,  is  not 
so  much  a  result  of  environmental  temperatures  as  it  is  some  intrinsic 
defect  in  the  mechanism  itself.  The  hazards  of  high  temperatures  are 

"Artificial  Fever  Therapy  of  Syphilis,  by  W.  M.  Simpson  (Journal  American  Medical  Association,  105: 
2132,  1935). 

"Loc.  Cit.  Note  11. 

"Saturated  Atmospheres  in  the  Treatment  of  Injuries,  by  M.  B.  Ferderber  (Industrial  Medicine,  8: 
256-259,  June,  1939). 

"Temperature  Factors  in  Cancer  and  Embryonal  Cell  Growth,  by  L.  W.  Smith,  and  Temple  Fay 
(Journal  American  Medical  Association,  Vol.  113:  653-660,  August,  1939), 

"Heat  Disease:  Clinical  and  Laboratory  Studies,  by  M.  W.  Heilman  and  E.  S,  Montgomery  (Journal 
of  Industrial  Hygiene  and  Toxicology,  18:  651-666,  November,  : 

660 


CHAPTER  36.    AIR  CONDITIONING  IN  THE  TREATMENT  OF  DISEASE 

not  easily  understood.  It  is  difficult  to  say  whether  a  repeated  rise  of 
1  or  2  deg  of  body  temperature  is  dangerous  or  whether  short  exposures 
at  high  temperatures  are  more  harmful  than  longer  exposures  at  lower 
temperatures.  A  new  concept  is  evident  in  finding  an  increase  in  leuco- 
cytes (white  cells)  of  the  blood  in  workers  subjected  to  high  temperatures. 
These  leucocytes  are  defensive  factors  which  are  increased  when  infection 
invades  a  body.  A  rise  in  temperature  and  leucocyte  count  indicates 
body  defense  in  the  presence  of  disease.  Since  a  recent  study18  showed 
that  both  temperature  and  cell  count  were  increased,  the  question  arises 
whether  long  exposures  to  very  high  temperatures  might  not  cause 
exhaustion  of  these  defense  mechanisms. 

ALLERGIC  DISORDERS 

Although  there  is  some  division  of  opinion  over  the  ultimate  cause 
of  allergy ,_  the  prevailing  belief  is  that  it  is  due  to  an  inherited  or  acquired 
hypersensitiveness  to  pollen  or  other  foreign  proteins  in  certain  indivi- 
duals who  react  abnormally  to  the  offending  substance.  The  reaction 
may  be  induced  by  inhalation,  eating,  or  absorption  (through  the  skin) 
of  the  allergens.  Some  of  the  clinical  manifestations  are  hay  fever, 
asthma,  eczema,  and  contact  dermatitis. 

Symptoms  of  Hay  Fever  and  Asthma 

The  respiratory  tract  is  the  site  of  probably  the  most  usual  allergic 
manifestations,  the  so-called  hay  fevers  and  asthma.  In  hay  fevers,  the 
nose  and  eyes  are  red  and  itchy,  and  there  is  considerable  discharge. 
Nasal  obstruction  is  the  most  common  and  most  distressing  symptom. 
The  severity  of  the  symptoms  varies  widely  from  day  to  day  depending 
chiefly  on  the  amount  of  pollen  in  the  air. 

Seasonal  asthma  comes  in  attacks.  The  most  popular  theory  concern- 
ing the  mechanism  of  action  is  that  the  offending  substance  irritates  the 
nerve  endings  in  mucous  membranes  of  the  respiratory  tract,  causing 
spasmodic  contraction  of  the  small  bronchioles  of  the  lungs,  which 
interferes  with  breathing,  particularly  with  expiration.  Non-seasonal 
allergic  disturbances  are  sometimes  attributed  to  house  or  street  dusts, 
fungi,  odors,  animal  dander,  irritating  gases,  and  heat  or  cold,  particu- 
larly sudden  temperature  changes.  It  is  often  stated  in  the  literature 
that  heat  regulation  in  asthmatic  individuals  is  likely  unstable,  with  a 
tendency  toward  the  subnormal.  Many  allergic  cases  who  are  ap- 
parently well,  develop  their  attacks  when  cold  weather  appears,  or  upon 
changing  from  warm  to  cool  outdoor  air. 

Air  Conditioning  Apparatus 

In  recent  years  considerable  effort  has  been  directed  toward  the  elimi- 
nation of  the  principal  cause  of  allergy  from  the  air  of  enclosures  by 
filtration  or  other  air  conditioning  processes  capable  of  removing  pollens, 
in  the  hope  of  providing  relief  to  individuals  who  fail  to  respond  to  medical 
treatment  (desensitization  or  immunization). 

Paper  or  cloth  filters,  mounted  in  inexpensive  window  or  floor  units, 
prove  quite  satisfactory,  but  since  dust  and  smoke  frequently  cause 

"A.S.H.V.E.  RESEARCH  REPORT  No.  1100— Air  Conditioning  in  Industry,  by  W.  L.  Fleisher,  A.  E. 
Stacey,  Jr.,  F.  C.  Houghten  and  M.  B,  Ferderber  (A.S.H.V.E.  TRANSACTIONS,  Vol.  45,  1939,  p.  59). 
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asthmatic  attacks,  it  is  necessary  that  an  air  filter,  to  be  of  full  value  in 
the  treatment  of  asthma,  must  remove  all  dusts  and  pollens  regardless 
of  size  or  amount.  An  electrostatic  cleaner  has  proved  extremely  efficient 
in  removing  particles  of  15  to  20  microns  and  smaller,  besides  dusts  and 
smoke19. 

Although  the  chief  remedial  factor  in  the  treatment  by  conditioned  air 
is  the  filtration  of  pollen,  a  certain  amount  of  cooling  and  dehumidification 
appears  to  be  desirable.  A  comfortable  temperature  between  70  and  75  F 
and  a  relative  humidity  well  below  50  per  cent  proved  satisfactory20. 
Direct  drafts,  overcooling  or  overheating  are  apt  to  initiate  or  aggrevate 
the  symptoms. 

Limitations  of  Air  Conditioning  Methods 

The  results  obtained  with  air  filtration  or  other  air  conditioning  pro- 
cesses in  the  control  of  allergic  conditions  are  fairly  comparable  to  those 
obtained  by  desensitization  treatment  so  long  as  the  patients  remain  in 
the  pollen  free  atmosphere.  But  while  specific  desensitization  is  preven- 
tive and  in  a  few  instances  curative,  for  all  practical  purposes  filtration 
gives  only  temporary  relief.  With  rare  exceptions,  the  symptoms  recur 
on  exposure  to  pollen  laden  air.  Moreover  the  usefulness  of  air  condi- 
tioning methods  is  limited  because  all  cases  are  not  caused  by  air-borne 
substances.  Cases  of  bacterial  asthma  do  not  respond  at  all  to  the  treat- 
ment with  filtered  air. 

Despite  these  limitations  air  conditioning  methods  possess  definite 
advantages  in  the  simplicity  of  treatment,  convenience,  and  under  certain 
conditions  almost  immediate  relief.  Pollen  cases  are  usually  relieved  of 
most  of  their  symptoms  within  1  to  3  hours  after  exposure  to  properly 
filtered  air. 

A  pollen-free  atmosphere  is  especially  valuable  in  cases  where  desensiti- 
zation has  given  little  or  no  relief,  and  where  desensitization  is  not  advis- 
able owing  to  intercurrent  illness.  On  the  whole,  conditioning  methods 
are  considered  to  be  a  valuable  adjunct  in  medical  diagnosis  and  treat- 
ment of  allergic  disorders. 

OXYGEN  THERAPY 

Oxygen  therapy  is^the  principal  measure  employed  for  preventing  and 
relieving  the  distressing  symptoms  of  anoxemia,  which  is  a  deficiency  in 
the  oxygen  content  of  the  blood.  Some  of  the  more  important  conditions 
in  which  oxygen  treatment  is  believed  to  be  beneficial  are  pneumonias, 
anemia,  heart  affections,  post-operative  pulmonary  disturbances,  certain 
mental  disturbances,  asphyxia,  asthma  and  atelectasis  in  new-born 
infants. 

The  necessity  of  air  conditioning  in  oxygen  therapy  arises  from  the  fact 
that  oxygen  is  too  expensive  a  gas  to  waste  in  the  ventilation  of  oxygen 
tents  and  oxygen  chambers.  The  oxygen  rich  atmosphere  in  these  enclo- 

M.  S?G^$£A^^^^  and  Bronchial  Asthma' by  Leo  H- Crie' ™« 

port^ffi^  «  Po»-  Asth™'  by  B.  Z,  Rappa- 
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sures  is  therefore  reconditioned  in  a  closed  circuit  by  removal  of  excess 
heat,  moisture,  and  carbon  dioxide  given  off  from  the  occupants  being 
treated. 

Oxygen  Tents 

In  oxygen  tents  the  air  enriched  with  oxygen  is  usually  circulated  by 
means  of  a  small  motor  blower  which  sends  the  air  over  soda  lime  to 
remove  carbon  dioxide  and  then  over  ice  to  remove  excess  heat  and 
moisture.  The  concentration  of  oxygen  in  the  tent  is  regulated  by  means 
of  a  pressure  reducing  valve  and  flow  meter.  In  an  inadequately  cooled 
tent,  high  temperatures  and  humidities  are  inevitable,  increasing  the 
discomfort  of  the  patient  and  imposing  an  added  strain  on  an  already 
overburdened  heart,  Oxygen  therapy  under  such  conditions  may  do 
more  harm  than  good.  An  ice  melting  rate  of  approximately  10  Ib  per 
hour  gives  satisfactory  results  in  patients  with  fever  in  a  medium  size 
oxygen  tent. 

Oxygen  tents  are  somewhat  confining  to  the  patient;  the  restless  type 
of  person  is  difficult  to  control,  and  the  delirious,  impossible  to  control. 
Medical  and  nursing  care  is  complicated,  as  the  tent  must  be  opened  or 
removed  with  attendant  loss  of  oxygen.  Oxygen  concentrations  of  50 
per  cent  or  more  are  difficult  to  maintain,  and  it  is  a  problem  to  keep  the 
temperature  and  humidity  low  enough  in  hot  weather.  The  direct 
advantages  are  portability  and  low  cost. 

Oxygen  Chambers 

The  conventional  oxygen  chamber  is  an  air-tight  sheet  metal  enclosure 
of  fire-proof  construction,  large  enough  to  accommodate  one  or  two 
patients.  Trap  doors  or  curtains  are  provided  for  the  personnel,  food 
and  service,  to  avoid  loss  of  oxygen.  Glass  windows  in  the  ceiling  and 
walls  admit  light  from  outside  the  chamber. 

The  air  conditioning  system  may  be  of  the  gravity  type,  or  of  the  fan 
type  using  mechanical  refrigeration  or  air  drying  agents.  The  gravity 
system  includes  a  bank  of  cooling  coils  controlled  thermostatically, 
which  dehumidify  and  cool  the  air.  The  cool  air  falls  over  trays  of  soda 
lime  at  the  bottom  of  the  coils,  to  remove  the  carbon  dioxide  given  off 
by  the  occupants.  A  heater  at  the  base  of  the  opposite  wall  warms  the 
air  to  the  desired  temperature.  Ordinary  industrial  oxygen  is  introduced 
from  storage  tanks  outside  the  chamber  and  the  concentration  is  regulated 
according  to  the  prescription  of  the  physician.  The  only  change  of  air 
in  the  chamber  is  that  taking  place  by  air  leakage  through  the  trap  doors. 

The  chief  objections  to  the  gravity  circulation  system  are  stratification 
of  cold  air  near  the  floor  and  accumulation  of  odors,  which  may  require 
the  use  of  activated  charcoal,  or  an  excess  of  oxygen  for  dilution  of  the 
air  in  the  chamber. 

The  fan  circulation  systems  include  compact  extended  surface  coolers, 
heaters,  and  sometimes  air-drying  beds  installed  outside  the  chamber  for 
the  removal  of  moisture. 

The  temperature  and  humidity  requirement  in  oxygen  therapy  depend 
primarily  upon  the  physical  condition  of  the  patient,  and  secondarily 
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upon  the  type  of  disease.  In  pneumonias,  according  to  Bullowa21, 
prescribed  conditions  should  be  an  effective  temperature^  of  66-68  F, 
humidity  of  50  per  cent,  air  movement  of  not  less  than  50  linear  feet  per 
minute,  oxygen  concentration  of  50  per  cent,  and  carbon  dioxide  of  less 
than  1  per  cent. 

Oxygen  chambers  are  more  comfortable  than  oxygen  tents.  The 
patients  receive  unhampered  medical  and  nursing  care,  and  the  oxygen 
concentration,  the  temperature  and  humidity  can  be  adequately  con- 
trolled at  any  desired  level.  The  chief  disadvantages  are  high  initial 
and  operating  costs  in  comparison  with  oxygen  tents  or  with  the  nasal 
catheter  method  of  oxygen  administration.  The  nasal  catheter  ^method 
is  the  simplest  and  most  inexpensive  of  all  but  it  may  cause  considerable 
discomfort  to  the  patient  and  it  is  not  satisfactory  for  continuous  admini- 
stration nor  for  restless  or  delirious  patients.  Moreover,  oxygen  con- 
centrations greater  than  40  per  cent  in  the  inspired  air  are  difficult  to 
maintain,  although  concentrations  as  high  as  48  per  cent  have  been 
obtained. 

GENERAL  HOSPITAL  AIR  CONDITIONING 

Complete  conditioning  of  a  large  hospital  involves  a  capital  investment 
and  running  expense  which  may  not  be  justified.  In  clean  and  quiet 
districts,  the  requirements  of  almost  all  general  and  private  wards  during 
the  cool  season  of  the  year  can  be  satisfactorily  fulfilled  by  the  use  of 
usual  heating  in  conjunction  with  window  air  supply  and  gravity  or 
mechanical  exhaust.  Insulation  against  heat  and  sound  is  much  more 
important  than  humidification  in  winter;  it  will  also  help  in  keeping  the 
building  cool  in  warm  weather.  Excessive  outside  noise  and  dust  may 
require  the  use  of  silencers  and  air  filters  in  the  window  openings. 

Cooling  and  dehumidification  in  warm  weather  are  important.  In  new 
hospitals  particularly,  the  desirability  of  cooling  certain  sections  of  the 
building  should  be  given  serious  consideration.  Financial  reasons  may 
preclude  the  cooling  of  the  entire  building,  but  the  needs  of  the  average 
hospital  can  be  met  by  the  use  of  built-in  room  coolers  and  a  few  portable 
units  which  can  be  wheeled  from  ward  to  ward  when  needed.  Objection- 
able noise  is  an  important  drawback  to  the  use  of  self-contained  units, 
but  the  difficulty  is  gradually  being  overcome  by  improvements  in  design. 

In  the  North  and  certain  sections  of  the  Pacific  Coast,  cooling  is  needed 
but  a  few  days  during  summer,  while  in  the  South,  it  can  be  used  to 
advantage  from  May  to  October,  and  in  tropical  climates  almost  con- 
tinuously throughout  the  year. 

Aside  from  comfort  and  recuperative  power  of  the  patients,  cooling  is 
of  great  assistance  in  the  treatment  of  fevers  in  the  new-born  and  in 
post-operative  cases,  in  enteric  disorders,  fevers,  heat  stroke,  heart 
failure,  and  in  a  variety  of  other  ailments  which  often  accompany  summer 
heat  waves. 

Considerable  research  is  in  progress  on  the  influence  of  air  conditioning 
upon  a  wide  variety  of  diseases  such  as  pneumonia,  upper  respiratory 
diseases,  tuberculosis,  arthritis,  nervous  instability,  hyper-thyroidism, 
essential  hypertension,  skin  diseases,  and  vascular  disorders. 

21The  Management  of  Pneumonias,  by  J.  G.  M.  Bullowa,  1937,  p.  260. 
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TRANSPORTATION  AIR  CONDITIONING 

Railway  Passenger   Car   Ventilation,   Method  of  Air  Distri- 
bution, Air  Cleaning,  Winter  and  Summer  Air  Conditioning, 
Humidity    and    Temperature    Control,    Summer    Air    Con- 
ditioning for  Buses  and  Automobiles 

THE  principles  of  air  conditioning  used  in  connection  with  stationary 
applications  such  as  stores,  restaurants,  hospitals,  theaters,  and 
homes  are  in  general  applicable  to  such  mobile  applications  as  railway 
passenger  cars,  passenger  buses,  automobiles,  and  ships.  However,  the 
equipment  used  for  these  mobile  applications,  with  the  possible  exception 
of  those  on  board  ship,  differs  from  that  used  for  stationary  purposes  in 
that  it  must  meet  additional  requirements.  Especially  important  are  the 
features  of  compactness  with  the  retention  of  ready  accessibility  for  quick 
inspection  and  servicing,  and  low  weight.  Freedom  from  vibration  which 
could  be  transmitted  to  the  supporting  vehicle  and  thus  to  the  passengers 
is  essential. 

RAILWAY  PASSENGER  CAR  VENTILATION 

In  non  air-conditioned  cars,  ventilation  is  accomplished  by  exhaust  fans, 
roof  ventilators,  and  open  doors  and  windows.  This  practice  provides  an 
ample  supply  of  outside  air  but  does  not  prevent  the  entrance  of  smoke, 
cinders,  and  dirt. 

An  average  passenger  car  contains  approximately  5000  cu  ft  of  air  and 
may  seat  as  many  as  80  passengers.  The  occupants  are  continually 
liberating  heat,  carbon  dioxide,  moisture,  odors,  and  some  organic  matter 
from  their  breath,  skin  and  clothing.  The  heat  and  moisture  can  be 
removed  by  cooling  and  dehumidification,  but  the  other  constituents  can 
be  successfully  handled  only  by  proper  ventilation  and  air  cleansing.  In 
the  average  car  from  2000  to  2500  cfm  should  be  circulated  by  the  air 
conditioning  unit.  Some  of  this  air  may  be  recirculated,  but  a  portion  of 
it  should  always  be  brought  in  from  the  outside.  The  amount  of  outside 
air  required  depends  upon  the  type  of  car,  number  of  passengers,  air 
temperature,  humidity,  odors,  and  whether  or  not  occupants  are  smoking, 
and  will  vary  from  15  to  90  per  cent  of  the  total  air  circulated. 

Careful  attention  must  be  exercised  in  specifying  the  rate  of  outside  air 
taken  in  so  as  to  fit  the  type  of  service  adequately  and  yet  not  to  supply 
more  ventilation  than  is  necessary.  Conditioning  this  outside  air  is  a 
major  factor  in  determining  the  size  of  both  summer  and  winter  con- 
ditioning equipment.  With  present  average  ventilation  requirements, 
about  30  per  cent  of  the  cooling  equipment  and  sometimes  as  high  as  50 
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per  cent  of  the  heating  equipment  is  necessary  to  handle  only  the  outside 
air  load. 

For  normal  conditions,  10  cfm  of  outside  air  per  passenger  is  sufficient. 
When  smoking  is  permitted,  at  least  15  cfm  should  be  admitted.  In 
some  of  the  dining  cars  and  deluxe  sleeping  cars,  outside  air  rates  as  high 
as  20  and  30  cfm  per  occupant  are  used. 

Method  of  Air  Distribution 

The  fact  that  the  amount  of  space  devoted  to  railway  passengers  may 
be  as  low  as  60  cu  ft  per  person  (ranging  as  high  as  190  cu  ft  per  person), 
coupled  with  the  high  air  flow  rates  made  necessary  by  severe  ventilation 
and  sun  loads,  makes  the  problems  of  air  distribution  and  air  delivery  in 
railway  cars  critical  ones. 

Various  methods  may  be  used  to  distribute  the  air  delivered  to  the 
interior  of  the  car  by  the  circulating  fan  or  blower.  The  methods  com- 
monly used  are: 

1 .  A  duct  lengthwise  along  the  center  of  the  car, 

2.  One  or  two  side  ducts  built  on  the  outside  of  monitor-roofed  cars,  or  on  the  inside 
of  turtle-backed  or  arched-roofed  cars. 

3.  Free  discharge  at  the  end  bulkheads,  or  by  free  discharge  from  a  unit  placed 
overhead  in  the  center  of  the  car,  discharging  toward  the  ends.    This  bulkhead  delivery 
system  while  inexpensive,  is  apt  to  cause  complaints  due  to  drafts,  and  accordingly,  is 
not  being  favored. 

Delivery  grilles  and  plaques  are  used,  and  are  often  designed  to  give 
considerable  entrainment  and  mixing  to  avoid  cool  drafts. 

Smoking  rooms  present  a  special  problem.  The  cloud  of  smoke  that 
usually  hangs  near  the  ceiling  can  be  broken  up  by  having  the  incoming- 
air  directed  along  the  ceiling  in  all  directions  at  a  velocity  somewhat 
higher  than  that  used  for  the  rest  of  the  car.  The  air  should  be  exhausted 
from  the  room  by  a  fan  or  through  a  grille  to  the  washroom  or  lavatory, 
and  then  outside  by  a  fan  in  a  ventilator. 

For  compartments  an  adjustable  supply  duct  outlet  grille  of  suitable 
size  and  design  should  be  provided  and  provisions  made  in  the  door  or 
partition  for  the  removal  of  the  air  to  be  recirculated. 

Lower  berths  in  sleeping  cars  and  office  cars  should  be  provided  with  an 
adjustable  air  outlet  which  will  discharge  the  amount  of  air  desired  at  low 
velocity  in  any  direction  so  that  the  occupant  can  regulate  the  ventilation 
to  meet  his  own  requirements. 

In  cars  containing  but  one  or  two  rooms  or  compartments,  satisfactory 
results  may  be  obtained  by  discharging  the  air  directly  from  the  con- 
ditioning unit  into  the  upper  part  of  the  car.  Care  must  be  taken  to  have 
a  proper  discharge  velocity.  If  the  velocity  is  too  low,  the  air  will  drop 
before  reaching  the  end  of  the  car  and  if  too  high  it  will  discharge  against 
the  end  bulkhead  and  be  reflected  back.  Care  must  be  exercised  to  secure 
proper  circulation,  otherwise  objectionable  drafts  will  be  experienced, 

The  recirculating  air  grilles  are  usually  of  the  straight  flow  type,  and 
should  be  located  so  that  objectionable  drafts  will  not  be  created  by  the 
return  air.  The  outside  air  intakes,  located  in  the  car  vestibule,  on  the 
side  of  the  car,  or  on  the  roof  of  the  car,  depending  upon  the  location  of 
the  cooling  coils,  should  be  of  ample  size  to  permit  the  entrance  of  suf- 
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ficient  outside  air.  On  many  of  the  recently  air-conditioned  cars,  there 
are  no  dampers  or  shutters  at  the  outside  air  intakes,  the  percentage  of 
outside  air  being  controlled  by  blocking  the  flow  through  the  recircu- 
lating  grille. 

Air  Cleaning 

All  of  the  air  circulated  by  the  blower  is  filtered  before  passing  over  the 
cooling  coils.  In  some  cars  the  outside  and  recirculated  air  are  filtered 
separately  before  mixing,  while  on  others  the  air  from  the  two  sources  is 
mixed  before  passing  through  a  common  filter.  Filters  in  use  are  made  of 
metal,  wool,  cloth,  spun  glass,  hemp,  paper,  hair,  and  wire  screen.  Most 
filters  have  a  viscous  coating  of  oil  for  greater  cleaning  efficiency.  Some 
types  may  be  cleaned,  retreated,  and  returned  to  service  while  other 
types  are  discarded  when  dirty. 

RAILWAY  PASSENGER  CAR  WINTER  AIR  CONDITIONING 

The  majority  of  cars  in  service  use  steam  from  the  locomotive  or  from  a 
head-end,  oil-fired  boiler  as  a  source  of  energy  for  winter  heating.  In 
some  instances  electrical  energy  from  either  a  head-end  generating  set 
or  motive  power  supply  is  utilized  for  resistance  heating.  In  still  other 
cases  electrical  energy  and  waste  heat  from  individual  car  engine-generator 
sets  is  employed.  The  peak  heating  loads  which  depend  largely  upon  the 
amount  of  insulation  used  in  the  car,  the  type  of  windows  (whether 
single  or  double  glazed),  and  the  ventilation  rate,  may  vary  from  150,000 
to  250,000  Btu  per  hour. 

In  order  to  temper  the  cold  outside  air,  about  30  to  50  per  cent  of  the 
total  heat  energy  required  is  distributed  by  means  of  finned  coils  or 
resistance  heaters  located  in  the  outside  air  duct.  The  remainder  is 
usually  transmitted  to  the  car  air  by  finned  tubing  located  along  the  sides 
of  the  car  near  the  floor,  thus  preventing  cold  convection  currents  falling 
from  the  car  windows  from  reaching  the  feet  of  the  passengers. 

RAILWAY  PASSENGER  CAR  SUMMER  AIR  CONDITIONING      • 

Three  general  types  of  cooling  or  refrigerating  equipment  are  being 
used  in  the  11,700  railway  cars  which  are  now  air  conditioned  in  the 
United  States.  Of  these  3,900  are  ice-activated,  1,900  use  steam  jet 
systems,  and  5,900  employ  mechanical  compression  schemes.  These 
systems  which  functionally  are  identical  with  those  used  for  stationary 
applications  (see  Chapter  24)  are  modified  in  design  to  meet  the  require- 
ments of  mobile  service.  Contrasted  with  stationary  applications  of 
summer  conditioning  equipment,  the  use  of  water  as  a  final  means  of  heat 
disposal  from  condensers  cannot  be  resorted  to  because  water  in  such 
quantities  cannot  be  transported  economically.  Accordingly,  air  cooled 
or  evaporative  condensers  are  always  used,  with  the  result  that  mobile 
cooling  equipments  operate  at  higher  temperature,  pressure,  and  power 
requirement  levels  than  stationary  equipment. 

The  maximum  cooling  and  dehumidifying  load  which  depends  largely 
upon  the  amount  of  insulation,  the  type  of  windows,  the  ventilation  rate, 
the  sun  intensity,  and  the  number  of  passengers  may  vary  from  60,000 
to  96,000  Btu  per  hour. 

667 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

An  average  ice-activated  system  for  such  capacities  uses  about  500 
pounds  of  ice  and  1.2  kw  per  hour.  The  increase  in  car  weight  due  to 
such  a  system  is  approximately  8500  Ib. 

The  same  service  from  a  steam  jet  system  is  obtained  with  the  expendi- 
ture of  230  Ib  of  steam  and  3.3  kw  per  hour,  with  an  added  weight  per 
carof  ll,0001b. 

The  mechanical  compression  systems,  all  of  which  use  dichlorodifluoro- 
methane  as  a  refrigerant,  may  be  classified  by  several  types  depending  on 
the  method  of  driving  the  compressor.  The  source  of  power  for  driving 
the  compressor  (approximately  10  hp)  is  complicated  by  the  necessity  of 
obtaining  this  power  at  all  times  whether  the  car  is  in  motion  or  standing 
still  on  the  right-of-way  or  in  a  terminal  where  auxiliary  power  plug-ins 
are  available.  In  those  cases  where  compressors  are  driven  from  car  axles, 
additional  refinements  in  the  drive  are  necessary  in  order  that  a  nearly 
constant  cooling  capacity  may  be  obtained  from  a  variable  speed  power 
source.  Numerous  combinations  of  electrical  generating  schemes  for 
generating  sufficient  electrical  energy  from  the  car  axle  for  lighting, 
ventilation,  and  summer  air  conditioning  are  in  use,  and  their  operation 
is  closely  interlocked  with  compressor  demands,  need  for  pre-cooling, 
battery  charging,  etc.  It  is  difficult  therefore  to  state  the  additional 
weight  imposed  on  a  car  because  of  such  a  compression  air  conditioning 
system,  but  it  is  probably  in  the  vicinity  of  6000  Ib.  These  systems, 
depending  mostly  upon  the  locomotive  for  supplying  power  for  operation, 
impose  a  load  which  may  amount  to  10  per  cent  of  the  capacity  of  the 
locomotive. 

Several  schemes  for  relieving  the  locomotive  of  this  compression  load 
are  used.  Some  of  the  articulated  trains,  which  run  as  unit  equipment — 
the  same  cars  always  in  the  same  train — employ  a  head-end,  engine- 
generator  combination  for  supplying  power  to  compressor  motors.  In 
other  cases  engine-alternators  on  individual  cars  are  used  to  supply 
alternating  current  power  to  compressor  motors,  as  well  as  to  supply  all 
power  for  car  lighting  and  auxiliaries.  Engine-compressor  combinations 
on  individual  cars  provide  attractive  low  weight  equipment  where  con- 
tinuous engine  operation  is  permissible  under  all  circumstances.  Diesel 
engines  and  propane  engines  are  used  for  these  purposes,  and  such  engine- 
driven  units  have  the  additional  advantage  of  being  able  to  use  waste 
engine  heat  either  for  modulating  refrigeration  with  a  reheat  cycle  or 
for  car  heating  purposes. 

RAILWAY  PASSENGER  CAR  HUMIDITY  AND  TEMPERATURE  CONTROL 

The  temperature  to  be  maintained  in  a  car  depends  upon  the  outside 
temperature  and  the  humidity  desired  inside  the  car.  With  a  low  hu- 
midity it  is  necessary  to  maintain  a  higher  temperature  to  establish  a 
desirable  comfort  condition.  Little  humidity  control  has  been  attempted 
on  cars  up  to  the  present  time.  A  certain  degree  of  automatic  humidity 
control  is  secured  with  cooling,  but  the  relative  humidity  obtained  depends 
largely  upon  the  temperature  of  the  evaporator,  which  should  be  below 
the  dew-point  temperature  of  the  air.  With  certain  outside  atmospheric 
conditions  it  may  not  be  possible  to  operate  the  conventional  equipment 
with  a  sufficiently  low  evaporator  temperature  to  reduce  the  humidity 
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without  dropping  the  temperature  too  low.  One  method  has  been 
developed  whereby  the  evaporator  temperature  is  carried  below  the  dew- 
point  a  sufficient  amount  to  insure  dehumidification  and  then  the  cold  air 
is  heated  to  the  proper  temperature  by  passing  it  over  coils  through  which 
part  of  the  high  temperature  liquid  from  the  condenser  is  by-passed.  Such 
a  system  is  costly  and  has  not  been  generally  applied.  The  reheat  cycle 
obtainable  from  wa,ste  engine  heat  may  be  used  to  good  advantage  in 
reducing  the  humidity  without  reducing  the  dry  bulb  temperature. 

During  the  heating  season  humidification  is  desirable  from  a  comfort 
standpoint,  but  unless  properly  controlled,  condensation  will  appear  on 
the  windows.  A  steam  or  water  spray  controlled  by  a  hurnidistat  will 
provide  the  necessary  moisture  for  humidification.  There  are  several 
cars  with  this  feature  now  in  use. 

Temperature  control  for  the  most  part  obtained  by  rugged  thermostats 
and  relays  capable  of  withstanding  vibrations  attendant  with  mobile 
service  is  usual  equipment. 

Manual  zone  control  for  varying  outdoor  conditions,  as  well  as  controls 
which  regulate  the  car  temperature  automatically  in  accordance  with 
outdoor  conditions,  are  employed. 

Simplified  controls  from  the  standpoint  of  operation  by  train  crews  and 
especially  from  the  servicing  viewpoint  are  very  desirable.  The  control 
of  summer  temperatures  is  accomplished  mainly  by  cycling  the  complete 
cooling  system;  however,  modulation  is  being  effected  by  using  multiple 
evaporators  in  which  a  fixed  portion  may  be  cut  out  of  the  system.  In 
the  engine-driven  equipments,  modulation  is  obtained  by  changing 
engine  speed. 

For  further  information  on  controls,  see  Chapter  33. 

PASSENGER  BUS  SUMMER  AIR  CONDITIONING  AND  VENTILATION 

The  highways  in  the  United  States  are  now  traveled  by  about  1000 
summer  air  conditioned  passenger  buses.  Many  of  the  facts  stressed  in 
connection  with  the  design  and  installation  of  summer  conditioning 
equipment  in  railway  cars  are  even  more  important  in  these  newer 
vehicles.  Weight  and  space  limitations  are  more  stringent,  and  the 
problem  of  circulating  from  900  to  1200  cfm  of  air  in  coaches  carrying 
from  25  to  40  passengers  with  about  35  cu  ft  of  space  per  passenger 
without  drafts  is  no  easy  one. 

Some  bulkhead  delivery  systems  have  been  used,  and  while  the  over- 
head package  racks  have  served  to  break  up  drafts  to  some  extent,  these 
installations  are  not  gaining  in  popularity,  Longitudinal  ducts  in  the 
corners  above  the  package  racks  are  sometimes  used  to  carry  conditioned 
air  to  a  series  of  outlet  louvers  along  the  top  of  the  windows.  Other 
designs  provide  for  false  spaces  below  the  package  racks  which  serve  as 
ducts  to  distribute  air  to  either  entrainment  grilles  in  the  bottom  of  the 
racks  or  distributing  slots  at  the  edges  of  the  package  racks.  Some 
coaches  employ  a  false  ceiling  to  provide  a  duct,  with  delivery  taking 
place  from  numerous  perforations  in  the  ceiling. 

Return  air  grilles  and  filters  are  usually  located  near  the  rear  ceiling 
where  the  evaporator  is  placed.  Outside  air  intakes  and  filters  are  located 
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preferably  near  the  front  of  the  vehicle  so  as  not  to  contaminate  this 
supply  with  exhaust  fumes  and  road  dust.  Of  the  30  cfm  circulated  per 
person,  about  8  to  10  cfm  are  outside  air  and  the  remainder  is  recirculated. 
Power  for  the  motor  driving  the  centrifugal  fans  is  obtained  from  the 
bus  battery. 

More  recently  a  coach  design  has  been  brought  out  which  provides 
for  a  number  of  return  air  outlets  below  the  seats;  these  permit 
return  air  to  enter  a  longitudinal  duct  below  the  floor.  The  filters  and 
evaporator  are  located  in  this  duct  near  the  front  of  the  vehicle.  In  this 
instance  a  central  heating  coil  utilizing  waste  heat  from  the  coach  engine 
is  also  located  in  this  duct.  Conditioned  air  is  delivered  through  a  pair  of 
vertical  ducts  to  a  package  rack  distribution  scheme. 

Summer  conditioning  systems  for  these  vehicles  range  in  cooling 
capacity  from  36,000  to  48,000  Btu  per  hour.  Mechanical  compression 
systems  using  dichlorodifluoromethane  are  used,  and  are  powered  by 
water  cooled,  gasoline  engines  of  approximately  14  hp. 

Complete  systems  add  from  800  to  1300  Ib  to  the  weight  of  a  coach. 
Sometimes  an  auxiliary  generator  driven  by  the  air  conditioning  engine 
is  used  which  serves  to  help  charge  the  bus  battery  and  thus  offsets  the 
power  drain  imposed  by  the  ventilating  blower.  Belted  reciprocating 
compressors  and  direct  driven  V-type  and  rotary  compressors  are  used, 
with  engine  speeds  up  to  about  1800  rpm.  Air  cooled  condensers  for  this 
service  require  about  5000  cfm  of  outdoor  air,  and  this  is  provided  by 
either  centrifugal  or  propellor  type  fans  belted  or  direct  driven  by  the  air 
conditioning  engine.  Preventing  noise  and  vibration  from  affecting 
passengers  is  of  vital  importance.  Installations  must  be  made  so  that 
quick  daily  servicing  of  the  engine  is  possible.  In  all  cases  fuel  is  obtained 
from  the  main  bus  tanks,  and  in  some  cases  the  main  engine  jacket  water 
cooling  system  is  used  to  cool  the  air  conditioning  engine. 

In  the  more  deluxe  equipment  after  the  driver  has  started  the  air  con- 
ditioning engine  by  means  of  its  own  cranking  motor,  the  engine  speed  is 
modulated  automatically  as  the  refrigeration  demand  is  partially  met,  and 
if  this  demand  is  then  fully  met,  the  engine  is  stopped  thermostatically. 
Restarting  when  the  cooling  thermostat  is  no  longer  satisfied  is  accom- 
plished either  automatically  or  manually.  The  various  protective  and 
automatic  devices  on  the  refrigerant  and  engine  systems  make  some  of 
the  bus  air  conditioning  control  systems  quite  complicated. 

AUTOMOBILE  SUMMER  AIR  CONDITIONING 

Recently  summer  air  conditioning  has  been  applied  to  automobiles. 
The  average  present  day  automobile  with  little  insulation,  large,  single 
glazed  window  areas,  and  high  infiltration  and  exfiltration  losses  requires 
about  15,000  Btu  per  hour  of  cooling  capacity.  One  system  utilizes  a 
reciprocating  compressor  belted  from  the  main  engine  fan  shaft  thus 
operating  at  varying  speeds  up  to  3000  rpm.  The  resulting  refrigeration 
capacity  varies  from  about  6000  Btu  per  hour  at  idling  speed  to  24,000 
Btu  per  hour  at  maximum  car  speed. 

,  A  dry  air  condenser  is  placed  in  front  of  the  engine  radiator,  and  the 
liquid  and  suction  refrigerant  lines  run  back  under  the  car  floor  to  the 
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evaporator  which  is  located  in  back  of  the  rear  seat.  Conditioned  air  is 
delivered  into  the  car  just  above  the  shelf  near  the  back  of  the  rear  seat. 
A  return  grille  is  provided  under  the  rear  seat,  and  the  recirculated  air  is 
filtered.  Outdoor  air  is  provided  by  infiltration.  Power  for  the  air 
circulating  blowers  is  obtained  from  the  car  storage  battery.  Equipment 
of  this  nature  increases  the  car  weight  approximately  200  Ib. 
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Fleet  of  Air  Conditioned  Buses  West  Carries  Demountable  Units  (Heating  and 
Ventilating,  May,  1938,  p.  30). 
Conditioned  Air  for  Automobiles  (Heating  and  Ventilating,  May,  1938,  p.  44). 

Air  Conditioning  of  Automobiles  and  Buses,  by  L.  W.  Child  (Society  of  Automotive 
Engineers  Journal,  June,  1938). 

Bus  Air  Conditioning,  by  Jerry  Hicke  (Heating,  Piping  and  Air  Conditioning,  October, 
1938,  p.  639). 

Bus  Air  Conditioning,  by  A,  J.  Mallinckrodt  and  Lars  Hanson  (Refrigerating  Engi- 
neering, June,  1939,  p.  388). 

Problems  in  Air  Conditioning  Automobiles,  by  F.  J,  Linsenmeyer  (Society  of  Auto- 
motive Engineers  Journal,  July,  1939). 

Packard  Offers  Automobile  Air  Conditioning  System  (Heating,  Piping  and  Air 
Conditioning,  December,  1939,  p.  756). 

AIRPLANES 

Flight  in  the  Sub-stratosphere,  by  J.  C,  Edgerton  (Society  of  Automotive  Engineers 
Journal,  39:484-6  December,  1936). 

Comfort  Aloft  (Heating  and  Ventilating,  October,  1937,  p.  40). 

Portable  Climate,  American  Buys  12  Plane  Air  Conditioning  Units  (Aviation,  36:59, 
September,  1937), 
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for  example,  drying  and  conditioning  may  be  combined  in  one  process  for 
the  dual  purpose  of  removing  undesirable  moisture  and  accurately  regu- 
lating the  final  moisture  content.  Either  conditioning  or  drying  are 
frequently  made  continuous  processes  in  which  the  material  is  conveyed 
through  an  elongated  compartment  by  suitable  means  and  subjected 
to  controlled  atmospheric  conditions, 

CONTROL  OF  RATE  OF  CHEMICAL  REACTIONS 

A  typical  example  of  the  second  general  classification,  that  is  the 
control  of  the  rate  of  chemical  reactions,  occurs  in  the  manufacture  of 
rayon.  The  pulp  sheets  are  conditioned,  cut  to  size,  and  passed  through 
a  mercerizing  process.  It  is  essential  that  during  this  process  close  con- 
trol of  both  temperature  and  relative  humidity  should  be  maintained. 
Temperature ^  controls  the  rate  of  reaction  directly,  while  the  relative 
humidity ^  maintains  a  constant  rate  of  evaporation  from  the  surface  of 
the  solution  and  gives  a  solution  of  known  strength  throughout  the 
mercerizing  period. 

Another  well-known  example  of  this  class  is  the  drying  of  varnish 
which  is  an  oxidizing  process  dependent  upon  temperature.  High  relative 
humidities  have  a  retarding  action  on  the  rate  of  oxidization  at  the 
surface  and  allow  the  gases  to  escape  as  the  chemical  oxidizers  cure  the 
varnish  film  from  the  bottom.  This  produces  a  surface  free  from  bubbles 
and  a  film  homogeneous  throughout. 

Desirable  temperatures  for  drying  varnish  vary  with  the  quality.  A 
relative  humidity  of  65  per  cent  is  beneficial  for  obtaining  the  best 
processing  results. 

CONTROL  OF  RATE  OF  BIOCHEMICAL  REACTIONS 

In  the  field  of  biochemical  control,  industrial  air  conditioning  has  been 
applied  to  many  different  and  well-known  products.  All  problems 
involving  fermentation  are  classed  under  this  heading.  As  biochemistry 
is  a  subdivision  of  chemistry,  subject  to  the  same  laws,  the  rate  of  reaction 
may  be  controlled  by  temperature.  An  example  of  this  is  the  dough  room 
of  the  modern  bakery.  Yeast  develops  best  at  a  temperature  of  80  F. 
A  relative  humidity  of  65  per  cent  is  maintained  so  as  to  hold  the  surface 
of  the  dough  open  to  allow  the  C02  gases  formed  by  the  fermentation  to 
pass  through  and  produce  a  loaf  of  bread,  when  baked,  of  even,  fine 
texture  without  large  voids. 

Another  example  of  a  similar  process  is  found  in  the  curing  of  maca- 
roni. The  flour  and  water  mixture  is  fermented  and  dried.  As  it  is 
necessary  to  have  a  definite  amount  of  water  present  to  carry  on  a  fer- 
mentation process,  the  moisture  must  be  removed  in  a  relatively  short 
period  to  stop  fermentation  and  prevent  souring  and  in  such  a  manner  as  to 
avoid  setting  up  internal  strains  in  the  mixture.  Best  results  are  obtained 
with  the  correct  cycles  of  both  temperature  and  humidity. 

The  curing  of  fruits,  such  as  bananas  and  lemons,  also  comes  under  this 
classification.  Bananas  are  treated  somewhat  differently  and  to  accom- 
plish the  required  results,  a  cycle  of  temperatures  and  relative  humidities 
is  used.  The  starches  in  the  pulp  of  the  fruit  must  be  changed  and  the 
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ventilation  a  2000  fpm  exhaust  air  velocity  at  the  slot  face  is  advisab 
In  addition,  the  duct  should  not  be  required  to  draw  the  air  laterally  1 
a  distance  of  more  than  18  in.  and  the  level  of  the  solution  should  be  ke 
6  to  8  in.  below  the  top  of  the  tanks. 

Flexible  Exhaust  Systems 

The  flexible  exhaust  tube  method  may  be  advantageously  used  f 
removing  dust  or  fumes.    Flexible  tubes  having  one  end  connected  to  ; 
exhaust  system  and  a  slotted  hood  attached  to  the  other  end  may 
shaped  at  will  to  fit  in  with  industrial  processes  without  affecting  the  ea 
of  operation.    Efficient  dust  or  fume  removal  may  be  had  with  use 
relatively  small  exhaust  volumes,.    This  type  of  system  may  be  used  < 
swing  grinders,  portable  grinding  wheels,  soldering  operations,  sto: 
cutting,  rock  drilling,  etc. 

Spray  Booths 

In  the  design  of  an  efficient  spray  booth,  it  is  essential  to  maintain  '< 
even  distribution  of  air  flow  through  the  opening  and  about  the  obje 
being  sprayed.  While  in  many  instances  spraying  operations  can  ] 
performed  mechanically  in  wholly  enclosed  booths,  the  volatile  vapo 
may  reach  injurious  or  explosive  concentrations.  At  all  times  the  co 
centrations  of  these  vapors,  and  particularly  those  containing  benzc 
should  be  kept  below  100  parts  per  million.  Spray  booth  vapors  a 
dangerous  to  the  health  of  the  worker  and  care  should  be  taken  to  mir 
mize  exposure  to  them. 

It  is  recommended  in  the  design  of  spray  booths  that  the  exhaust  du 
be  located  in  a  horizontal  position  slightly  below  the  object  spraye 
Stagnant  regions  within  the  booth  should  be  carefully  avoided  or  shou 
be  provided  with  exhaust.  The  air  volume  should  be  sufficient  to  mai 
tain  a  velocity  of  150  to  200  fpm  over  the  open  area  of  the  booth,  and  tl 
vapors  may  be  discharged  through  a  suitable  stack  to  permit  dilution,  bi 
it  is  better  practice  to  pass  the  fumes  or  vapors  through  baffle  tyj 
washers  or  scrubbers  designed  for  efficient  spray  fume  removal7. 

Hoods  for  Chemical  Laboratories 

Hoods  used  in  chemical  laboratories  are  generally  provided  wii 
sliding  windows  which  permit  positive  control  of  the  fumes  and  vapo 
evolved  by  the  apparatus.  Their  design  should  offer  easy  access  for  tl 
installation  of  cliemical  equipment  and  should  be  well  lighted.  A 
velocities  should  exceed  50  fpm  when  the  window  is  opened  to  its  mas 
mum  height. 

DUCT  SYSTEM  DESIGN 

The  duct  system  should  be  large  enough  to  transport  the  fumes  < 
material  without  causing  serious  obstruction  to  the  air  flow.  It  is  goc 
practice  to  proportion  the  ducts  to  obtain  the  desired  velocities  ar 
suction  pressures  at  the  hoods,  although  in  many  cases  only  an  approx 
mation  to  an  ideal  design  is  possible.  Many  exhaust  hoods,  and  pa 

'For  a  discussion  of  spray  booths,  see  Special  Bulletin  No.  16,  Spray  Painting  in  Pennsylvania,  Depa 
ment  of  Labor  and  Industry,  1926,  Hamsburg,  Pa. 
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drier  decreases  as  a  transfer  of  heat  to  the  material  being  dried  takes  place. 
Where  part  or  all  of  the  heat  is  supplied  by  steam  coils  or  other  means, 
within  the  drier  itself,  the  drier  is  known  as  a  constant  temperature  drier. 
Driers  using  little  air  for  heating  medium  with  a  high  temperature  drop 
are  difficult  to  hold  at  uniform  temperatures;  the  more  air  used,  the  easier 
it  is  to  secure  accurate  control  of  temperature  and  humidity.  Driers  may 
be  classified  as  shown  in  Table  1, 

MECHANISM  OF  DRYING 

The  modern  theory  of  drying  may  be  summed  up  as  follows :  Assuming 
uniform  velocity  and  distribution  of  air  at  a  constant  temperature  and 
humidity  over  the  surface  to  be  dried,  the  drying  cycle  will  be  divided  into 
two  distinct  stages : 

1.  Constant  rate  period. 

2.  Falling  rate  period. 

The  constant  rate  period  occurs  while  the  material  being  dried  is  still 
very  wet,  and  continues  as  long  as  the  water  in  the  material  comes  to  the 
surface  so  rapidly  that  the  surface  remains  thoroughly  wet,  and  evapora- 
tion proceeds  at  a  constant  rate,  precisely  as  from  a  free  water  surface. 
The  material  assumes  a  temperature  corresponding  to  the  wet-bulb 
temperature  of  the  surrounding  air,  or  slightly  higher,  due  to  radiation 
and  conduction  from  dry  surfaces  adjoining  the  material.  The  constant 
rate  period  continues  until  a  time  when  the  moisture  no  longer  comes  to 
the  surface  as  fast  as  it  is  evaporated.  This  point  is  called  the  critical 
moisture  content. 

As  the  drying  proceeds,  a  period  of  uniform  fatting  rate  is  entered. 
During  this  period,  the  surface  of  the  material  is  gradually  drying  out,  and 
the  rate  of  drying  falls  as  the  remaining  wet  surface  decreases  in  area. 
This  period  is  also  known  as  unsaturated  surface  drying, 

As  drying  continues,  the  surface  is  completely  dry  and  the  water  from 
the  interior  evaporates  and  comes  through  the  surface  as  vapor.  As  the 
plane  of  water  recedes,  the  diffusion  of  the  vapor  becomes  more  difficult 
and  hence  the  period  is  known  as  varying  falling  rate  period^  or  sub-surf  ace 
drying. 

As  drying  progresses  another  point  called  equilibrium  moisture  content 
is  reached,  where  the  vapor  pressure  of  the  moisture  in  the  air  and  the 
vapor  pressure  of  the  moisture  in  the  material  are  equal,  and  drying 
ceases.  The  drying  of  a  slab  of  whiting  is  shown  in  Fig.  2  and  illustrates 
the  principles  pointed  out  above.  The  factors  affecting  the  variations  of 
drying  rates  during  the  above  periods  are  pointed  out  in  Table  2, 

Omissions  in  the  Cycle 

Many  solids,  such  as  lumber,  are  so  dry  at  the  beginning  of  the  drying 
operation  that  the  constant  rate  period  of  free  surface  evaporation  does 
not  occur.  Frequently  the  surface  of  the  material  is  dry  enough  so  that 
no  surface  drying  can  take  place,  in  which  case  only  the  final  stage  of  sub- 
surface drying  is  involved.  In  other  instances,  the  critical  moisture  con- 
tent of  a  wet  solid  is  sufficiently  low  that  sub-surface  drying  starts  almost 
immediately  after  the  conclusion  of  the  constant  rate  period.  Thus  the 
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In  discontinuous  driers,  e.g.,  compartment  driers,  the  drying  operation 
is  given  by  the  equation ; 

G  (fli  -  HO  -  5'  J|  (2a) 

In  the  continuous  drier,  the  heat  consumption  per  unit  time  is: 

*  -  *',)  (ffi  -  Hi)  +  S(h  -  ft)  (j»  +  «n)  +  B    (3) 


Equation  3  assumes  continuity  of  operation.  For  charge  or  batch 
operations,  the  total  time  of  the  drying  cycle  may  be  broken  up  into  a 
number  of  periods,  sufficiently  short  so  that  over  each  period  average 
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FIG.  7.   HEATING  VALUES  OF  FUEL  OIL,  BTU  GROSS 

values  of  /,  f  and  H  may  be  employed  provided  the  third  term  of  the 
right  hand  member  of  the  equation  is  modified  to  read  : 


and  in  the  second  term  /!2  be  replaced  by 


Theoretically  these  periods  should  be  very  short  and  the  equation 
integrated.  Practically  the  error  introduced  by  using  a  small  number  of 
long  periods  and  employing  average  values  of  the  variables  over  each, 
rarely  introduces  serious  error.  The  evaluation  of  Equation  2a  may  be 
approximated  in  a  similar  manner. 

The  first  term  of  the  right  hand  member  of  Equation  3  represents  heat 
lost  as  sensible^heat  in  the  effluent  air.  In  many  drying  operations  this 
becomes  excessive.  Each  pound  of  air  supplied  should  remove  the  maxi- 
mum amount  of  moisture.  This  is  best  accomplished  by  bringing  the  air 
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Table  3  can  also  be  used  for  calculating  the  free  convection  rate  of 
transmission  for  various  commercial  shapes  such  as  pipes  and  ducts. 
These  calculations  are  simplified  by  the  use  of  the  factors  in  Tables  4 
and  5.  Table  4  gives  factors  by  which  the  values  in  Table  3  must  be 

TABLE  6.    HEAT  LOSSES  FROM  HORIZONTAL  BARE  STEEL  PIPES 

Expressed  in  Btu  per  hour  per  linear  foot  per  degree  Fahrenheit  difference 

in  temperature  between  the  pipe  and  surrounding  still  air  at  70  F 


HOT  WATER 

STEAM 

NOMINAL 
PIPE 
SIZE 

120  F 

150  F 

180  F 

210  F 

227.1  F 
(5Lb) 

299,7  F 
(50  Lb) 

337.9  F 
(100  Lb) 

(INCHES) 

TEMPERATURE  DIFFERENCE 

50  F 

80  F 

110  F 

140  F 

157.1  F 

227.7  F 

267.9  F 

y* 

0,455 

0,495 

0.546 

0.584 

0.612 

0.706 

0.760 

% 

0.555 

0.605 

0.666 

0.715 

0.748 

0.866 

0,933 

i 

0.684 

0.743 

0.819 

0.877 

0.919 

1,065 

1.147 

1M 

0.847 

0.919 

1.014 

1.086 

1.138 

1,324 

1.425 

i« 

0.958 

1,041 

1,148 

1.230 

1.288 

1,492 

1.633 

2 

1.180 

1.281 

1.412 

1.512 

1.578 

1,840 

1.987 

VA 

1.400 

1.532 

1.683 

1.796 

1.883 

2.190 

2.363 

3 

1.680 

1.825 

2.010 

2,153 

2.260 

2.630 

2.840 

m 

1.900 

2.064 

2.221 

2.433 

2.552 

2.974 

3.215 

4 

2.118 

2.302 

2.534 

2.717 

2.850 

3*320 

3.590 

5 

2.580 

2.804 

3.084 

3.303 

3.470 

4.050 

4.385 

6 

3.036 

3.294 

3.626 

3.886 

4.074 

4,765 

5,160 

8 

3.880 

4.215 

4.638 

4.960 

5.210 

6,100 

6.610 

10 

4.760 

5.180 

5.680 

6,090 

6.410 

7.490 

8.115 

12 

5,590 

6,070 

6,670 

7.145 

7.500 

8,800 

9.530 

TABLE  7.    HEAT  Loss  FROM  HORIZONTAL  BARE  BRIGHT  COPPER  PIPE 

Expressed  in  Btu  per  hour  per  linear  foot  per  degree  Fahrenheit 

between  the  pipe  and  surrounding  stm  air  at  70  F 


HOT  WATER  (Type  K  Copper  Tube) 

STHAM  (Standard  Pipe  Size  Pipe) 

NOMINAL 
Pira 

120  F 

150  F 

180  F 

210  F 

227,1  F 
(SLb) 

297,7'"?  
(SO  Lb) 

337.9  F 
(100  Lb) 

SIZE 
(INCHES) 

TjflMPHRATlTBB  DlFNIRBKOI 

SOF 

SOF 

110  F 

140  F 

157.1  F 

227.7  F 

2<57.9  F 

^ 

0,180 

0.210 

0.218 

0,229 

0.299 

0,338 

0.355 

H 

0:236 

0.275 

0.291 

0,307 

0.357 

0,408 

0.418 

1 

0.290 

0.338 

0.354 

0.373 

0.440 

0.492 

0.523 

% 

0.340 

0.400 

0.418 

0,443 

0,510 

0.571 

0.598 

iy2 

0.390 

0.463 

0.473 

0.507 

0.598 

0,671 

0,710 

2 

0.490 

0.525 

0.600 

0,628 

0.719 

0.813 

0,851 

2% 

0.580 

0.675 

0.709 

0.750 

0.840 

0,953 

1.008 

3 

0.680 

0.788 

0.848 

0,871 

0,987 

1.107 

1  .  165 

3J^ 

0.760 

0.888 

0.946 

1.000 

1.114 

1.235 

1.307 

4 

0.940 

1.000 

1.045 

1.107 

1.210 

1.361 

1.456 

4^3 

1  335 

1   4.05 

1    4&R 

5 

1.020 

1.200 

1,255 

1.320 

1.465 

1,670 

1.755 

6 

1.160 

1.375 

1.410 

1.500 

1.685 

1.890 

1.942 

8 

1.460 

1.725 

1.820 

1.890 

2,100 

2.373 

2,510 

730 
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D  =  diameter  of  round  ducts,  feet. 

V  =  velocity  of  air  in  the  duct,  feet  per  minute,  at  specified  temperature. 

d  =  density  of  air,  pounds  per  cubic  foot,  at  the  specified  temperature  at  which  V 

is  measured. 
e  —  naperian  base  of  logarithms  =  2.718. 

In  using  formulae  8,  9,  and  10,  one  of  the  duct  air  temperatures  will  be 
unknown  and  will  be  solved  for  by  substitution  of  the  other  known  or 
assumed  values.  The  assumed  values  dependent  upon  the  mean  duct 
air  temperature  can  be  determined  exactly  by  the  cut-and-try  method. 

TABLE  15.    HEAT  TRANSMISSION  THROUGH  DUCT  WALLS  INSULATED  WITH  MATERIALS 
OF  VARYING  CONDUCTIVITIES'* 

Values  are  expressed  in  Btu  per  hour  per  square  foot  of  flat  surface  per  degree  Fahrenheit 

difference  in  temperature  between  air  inside  ana  still  air  outside  at  90  F  for 

cold  air  and  60  F  for  warm  air  in  ducts 


CONDUCTIVITY 

OF 

INSULATION 
AT  86  F 

MEAN  TEMP 

THICKNESS 

OF 

INSULATION 

(INCHES) 

COLD  Am 

WARM  Am 

40  P 

60F 

80F 

90  F 

120  F 

150  F 

180  F 

THMPERA.TURE  DIFFERENCE 

50  F 

30  F 

10  F 

40  F 

70  F 

100  F 

130  F 

0.200 

M 

i 

1H 

2 

0.319 
0.175 
0.121 
0.092 

0.323 
0.177 
0.122 
0.093 

0.328 
0.180 
0.124 
0.095 

0.324 
0.178 

0,330 
0.181 
0.125 

0.337 
0.184 
0.127 

0.344 
0.188 
0.129 

0.250 

M 

1« 

2 

0.382 
0.214 
0.149 
0.114 

0.387 
0.217 
0.151 
0.115 

0.392 
0.220 
0.153 
0.117 

0.390 
0.218 

0.397 
0.221 
0.154 

0.404 
0.225 
0,156 

0.412 
0.229 
0.159 

0.300 

1A 

VA 

0.440 
0.252 
0.176 
0.135 

0.445 
0.255 
0.178 
0.137 

0.450 
0.258 
0.180 
0.139 

0.448 
0.256 

0.457 
0.260 
0.181 

0.466 
0.264 
0.184 

0.475 
0.268 
0.187 

0.350 

1A 
VA 

2 

0.494 
0.286 
0.202 
0.156 

0.499 
0.289 
0.204 
0.158 

0.505 
0.292 
0.207 
0.160 

0.502 
0.290 

0.511 
0.295 
0.208 

0.521 
0.300 
0,211 

0.530 
0.306 
0.215 

0.450 

1A 
\1A 

2 



0.596 
0.356 
0.254 
0.198 

0.602 
0.360 
0.257 
0.200 

0.599 
0.358 

0.610 
0.364 
0.259 

0.621 
0.370 
0.263 

0.633 
0.376 
0.267 

0.550 

1A 
l 

11A 

2 



0.682 
0.417 
0.302 
0.236 

0.688 
0.422 
0.305 
0.239 

0.685 
0.418 

0.699 
0.425 
0.307 

0.714 
0.432 
0.312 

0.730 
0.440 
0.317 

ages 


•For  round  ducts  less  than  30  in.  diameter,  increase  heat  transmission  values  by  the  following  percent- 


THICKNESS  OF  INSULATION 

(Inches) 

Yz 

1 

1M 

2 

21  to  30  in.  Duct  Diameter.. 
12  to  21  in.  Duct  Diameter  ™Z™~™™™~ 

1% 
3% 

2% 
5% 

M 

It 
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Electric  Resistor:  A  material  used  to  produce  heat  by  passing  an  electric  current 
through  it. 

Electric  Heating  Element:  A  unit  assembly  consisting  of  a  resistor,  insulated  sup- 
ports, and  terminals  for  connecting  the  resistor  to  electric  power. 

Electric  Heater:  A  complete  assembly  of  heating  elements  with  their  enclosure, 
ready  for  installation  in  service. 

RESISTORS  AND  HEATING  ELEMENTS 

Solids,  liquids,  and  gases  may  be  used  as  resistors,  but  most  com- 
mercial electric  heating  elements  have  solid  resistors,  such  as  metal 
alloys,  and  non-metallic  compounds  containing  carbon.  In  some  types  of 
electric  boilers,  water  forms  the  resistor  which  is  heated  by  an  alternating 
current  of  electricity  passing  through  it.  One  of  the  more  common 
resistors  is  nickel-chromium  wire  or  ribbon  which,  in  order  to  avoid 
oxidation,  contains  practically  no  iron. 

Commercial  electric  heating  elements  are  made  in  many  types.  Some 
have  resistors  exposed  to  the  air  being  heated.  The  resistors  may  be  coils 
of  wire  or  metal  ribbon,  supported  by  refractory  insulation,  or  they  may 
be  non-metallic  rods,  mounted  on  insulators.  This  type  of  element  is 
used  extensively  for  operation  at  high  temperatures  when  radiant  heat  is 
desired,  also  at  low  temperatures  for  convection  and  fan  circulation 
heating,  especially  in  large  installations. 

Some  elements  have  metallic  resistors  embedded  in  a  refractory  insu- 
lating material,  encased  in  a  protective  sheath  of  metal.  Fins  or  extended 
surfaces  may  be  used  to  add  heat-dissipating  area.  Elements  are  made 
in  many  forms,  such  as  strips,  rings,  plates  and  tubes.  Strip  elements  are 
used  for  clamping  to  surfaces  requiring  heat  by  conduction,  and  in  some 
types  of  convection  air  heaters.  Ring  and  plate  elements  are  used  in 
electric  ranges,  waffle  irons,  and  in  many  small  air  heaters.  Tubular 
elements  may  be  immersed  in  liquids,  cast  into  metal,  and,  when  formed 
into  coils,  used  in  electric  ranges  and  air  heaters.  Cloth  fabrics  woven 
from  flexible  resistor  wires  and  asbestos  thread,  are  used  for  many  low 
temperature  purposes  such  as  heating  pads  and  aviators'  clothing. 

Special  incandescent  lamps  are  used  as  heating  elements  in  certain 
applications  where  radiant  heat  is  desired.  These  use  carbon  or  tungsten 
filaments  as  resistors,  and  are  designed  to  produce  maximum  energy  in 
the  infra-red  portion  of  the  spectrum. 

ELECTRIC  HEATERS 

Electric  heaters  may  be  divided  into  three  groups:  conduction,  radiant 
and  convection. 

Conduction  electric  heaters,  which  deliver  most  of  their  heat  by  actual 
contact  with  the  object  to  be  heated,  are  used  in  such  applications  as 
aviators'  clothing,  hot  pads,  foot  warrners,  soil  heaters,  ice  melters,  and 
water  heaters.  Conduction  heaters  are  useful  in  conserving  and  localizing 
heat  delivery  at  definite  points.  They  are  not  suitable  for  general  air 
heating. 

Radiant  electric  heaters,  which  deliver  most  of  their  heat  by  radiation, 
have  high  temperature  heating  elements  and  reflectors  to  concentrate 
the  heat  rays  in  the  desired  directions.  The  immediate  and  pleasant 
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body,  heat  is  also  lost  through  evaporation  from  both  the  body  surface 
and  the  respiratory  tract. 

The  rate  of  heat  loss  by  convection  depends  upon  the  average  tempera- 
ture difference  between  the  surface  of  the  body  and  the  surrounding  air, 
the  shape  and  size  of  the  body,  and  the  rate  of  air  motion  over  the  body. 

The  rate  of  heat  loss  by  radiation  depends  upon  the  exposed  surface 
area  of  the  body,  and  upon  the  difference  between  the  mean  surface 
temperature  of  the  body  and  the  mean  surface  temperature  of  the  sur- 
rounding walls  or  other  objects.  This  latter  temperature  is  called  the 
mean  radiant  temperature  (MRT). 

Because  these  two  types  of  heat  loss  supplement  each  other,  a  required 
rate  of  total  heat  loss  can  result  either  from  a  relatively  low  air  tem- 
perature and  a  relatively  high  MRT,  or  vice  versa.  If  the  air  temperature 
is  reduced,  the  heat  loss  from  the  body  by  convection  is  increased,  which 
can  be  compensated  for  by  raising  the  MRT  so  as  to  decrease  the  heat- 
loss  by  radiation. 

A  heating  installation  should  provide  comfort  for  those  individuals 
doing  the  least  physical  work,  without  causing  undesirable  changes 
either  in  the  rate  of  heat  generation,  or  in  the  body's  heat  regulating 
mechanism. 

Rate  of  Heat  Production 

The  normal  rate  of  heat  production  in  an  average  sized  sedentary 
individual  is  about  400  Btu1  per  hour.  When  considering  radiant  heating, 
the  evaporation,  radiation  and  convection  losses  must  be  separately 
studied.  The  human  body  is  of  complicated  shape,  and  radiation  takes 
place  freely,  only  from  the  exposed  outer  surface;  there  are  consider- 
able portions  of  the  body  such  as  the  legs,  arms,  lower  part  of  head, 
etc.,  which  radiate  most  of  their  heat  to  other  portions.  It  is  necessary 
to  determine  the  equivalent  surface  of  the  body  from  which  heat  is 
radiated  and  a  similar  value  for  convection.  The  total  surface  may  be 
assumed  as  approximately  19.5  sq  ft  for  convection  and  15,5  sq  ft  for 
radiation,  for  an  average  sized  individual. 

The  loss  by  evaporation  and  respiration  depends  on  the  temperature 
and  area  of  the  moist  surfaces  (outside  and  respiratory)  of  the  body,  the 
air  temperature,  air  movement  and  humidity.  In  air  at  a  temperature 
of  80  F,  this  loss  for  a  sedentary  individual  of  average  size  will  be  approxi- 
mately 180  Btu  per  hour;  at  70  F,  about  90  Btu  per  hour;  and  at  60  F, 
about  60  Btu  per  hour.  All  of  these  values  are  relative,  because  the  total 
will  vary  materially  with  change  of  position,  bodily  activity,  age,  sex, 
race,  etc. 

The  balance  of  the  heat  generated  in  the  average  human  body  (approxi- 
mately 300  Btu  per  hour  at  about  71  F  room  temperature)  is  the  approxi- 
mate amount  of  heat  given  off  by  radiation  and  convection.  It  is  difficult 
to  determine  the  exact  proportions  of  these  two;  but  it  appears  that  if 
the  body  loses  about  190  Btu  per  hour  by  radiation  (or  12,25  Btu  per 
hour  per  square  foot  of  radiating  body  surface),  the  greatest  comfort 

T>  ,1A:SlI!-V;?'  £ES?.^ct?  REP°KT  No,  830— Heat  and  Moisture  Losses  from  the  Human  Body  and  Their 
Sf^n  to  Air  Conditioning  Problems,  by  F.  C.  Houghten,  W.  W.  Teague,  W,  E,  Miller,  and  W.  P.  Yant 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  35,  1939,  p.  245). 
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sectionalizing  is  for  the  purpose  of  avoiding  excessive  pressures  on  the 
fixtures  in  the  lower  stories  of  each  system.  This  limits  the  consideration 
of  water  pipe  sizes  to  horizontal  mains  and  to  risers  not  exceeding  20 
stories  in  height  or  about  200  ft. 

For  the  purpose  of  this  chapter  the  following  terms  will  be  used  and 
should  be  clearly  distinguished  from  one  another: 

Maximum  Possible  Flow:  The  flow  which  would  occur  if  the  outlets  on  all  fixtures  were 
opened  simultaneously.  This  condition  is  seldom,  if  ever,  obtained  in  actual  practice  ex- 
cept in  cases  of  gang  showers  controlled  from  one  common  valve,  and  similar  conditions. 

Maximum  Probable  Flow:  The  maximum  flow  which  any  pipe  is  likely  to  carry  under 
the  peak  conditions.  This  is  the  most  important  amount  to  be  considered  in  pipe  sizing. 

Average  Probable  Flow:  The  flow  likely  to  be  required  through  the  line  under  normal 
conditions. 

It  is  evident  that  any  pipe  adequate  to  take  care  of  the  maximum 
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FIG.  1.   CHART  SHOWING  RELATION  BETWEEN  MAXIMUM  POSSIBLE  FLOW  AND 
MAXIMUM  PROBABLE  PERCENTAGE  OF  USE 

probable  flow  will  also  be  more  than  able  to  take  care  of  the  average 
probable  flow,  and  hence  the  latter  has  no  bearing  on  the  pipe  size. 

MAXIMUM  PROBABLE  FLOW 

There  are  two  factors  to  be  considered  in  calculating  the  maximum 
probable  flow,  namely,  (1)  the  quantity  of  water  that  will  flow  from  the 
outlets  when  they  are  open,  and  (2)  the  number  of  outlets  likely  to  be  open 
at  the  same  time.  Table  1  shows  the  maximum  approximate  rate  of  flow 
from  each  fixture  when  it  is  in  use,  and  will  serve  as  a  guide  in  estimating 
maximum  probable  flow  demands  although  there  is  considerable  variation 
in  different  fixtures  and  valves.  Probably  the  flow  under  normal  water 
pressures,  or  with  the  pressure  properly  throttled,  will  not  differ  greatly 
from  the  values  stated.  With  the  aid  of  this  table  it  is  possible  to  calculate 
the  maximum  possible  flow  with  all  outlets  open  in  both  the  hot  and  cold 
water  lines. 
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TABLE  6.    TYPICAL  CALCULATION  OF  PIPE  SIZES  ON  DOWN-FEED  RISER  WITH 
FLUSH  VALVE  WATER-CLOSETS  AND  URINALS 

(Riser  No.  #.    Fig,  4) 


FLOOR 

OF 

BLDG. 

FIXTURES 

ON 

FLOOR 

GPM 

PER 

FIXTURE 

MAXIMUM 
GPM 

ON 

FLOOR 

MAXIMUM 
GPM 

ON 

RISER 

PROBABLE 

USE 
(PER  CENT) 

PROBABLE 
DEMAND 
RISER 
GPM 

ALLOWABLE 
DROP 
Li*  PER 
100  FT 

PIPE 
SIZE 
IN. 

1st 

1  W.  C. 

45 

45 

45 

100 

45 

30 

IK 

2nd 

2  W.  C. 
1U. 
1  Lav. 

45 
30 
3 

90 
30 
3 

123 

168 

58 

98 

30 

1M 

3rd 

4W.  C. 
2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

417 

31 

130 

30 

2 

4th 

4  W.  C. 
2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

666 

24 

160 

30 

2 

5th 

6W.  C. 
4  Lav. 

45 
3 

270 
12 

282 

948 

19 

180 

30 

2 

6th 

6W.  C. 

4  Lav. 

45 
3 

270 
12 

282 

1230 

16 

196 

30 

2^ 

7th 

6W.  C. 

4  Lav. 

45 
3 

270 
12 

282 

1512 

14 

211 

30 

2H 

8th 

6  W.  C. 
4  Lav. 

45 
3 

270 
12 

282 

1794 

12 

215 

2 

4 

Then  the  allowable  drop  per  100  ft  will  be 


25.6  Ib  X  100 


300 


-  «*  8.5  Ib  and  the  sizes  shown 


in  Fig.  5  are  based  on  this  amount  of  drop.  Of  course  the  other  risers  will  have  the  same 
maximum  flows  at  the  bottom  as  they  formerly  had  at  the  top,  namely  215  and  122  gal, 
respectively,  for  Risers  Nos.  2  and  3.  Combining  these  maximum  flows  in  the  same  man- 
ner as  pursued  in  the  down-feed  system  it  is  seen  that  the  maximum  flow  between  Riser 
No.  2  and  Riser  No.  3  is  255  gpm,  and  between  Riser  No.  3  and  the  street  main,  282  gom 
which  at  a  drop  of  8.5  Ib  gives  the  main  sizes  indicated,  It  will  be  noted  that  in  determin- 
ing the  maximum  flow  in  an  up-feed  riser  it  is  necessary  to  begin  at  the  top  floor  and 
work  down  instead  of  beginning  at  the  bottom  floor  and  working  up  as  was  done  in  the 
down-feed  sizing. 


SIZING  UP-FEED  AND  DOWN-FEED  HOT  WATER  SYSTEMS 

^  Hot  water  supply  systems,  when  of  the  circulating  type,  have  a  few 
differences  to  be  considered  although  the  same  general  principles  of  sizing 
apply  to  these  lines  as  to  the  cold  water  lines.  Owing  to  the  fact  that 
there  are  no  flush  valves  on  the  hot  water  piping  and  also  because  many 
plumbing  ^fixtures  have  no  hot  water  connections,  the  sizes  of  the  hot 
water  piping  in  general  will  be  considerably  less  than  the  cold  water 
piping  in  the  same  building.  On  the  other  hand  it  is  almost  invariably 
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the^  temperature  rise  most  commonly  assumed  and  required.  On  this 
basis  it  will  be  seen  that  the  various  conditions  cited  in  Example  5  will 
require  additional  boiler  capacity  as  follows: 

Heating  Capacity  Additional  Boiler  Capacity 
(Gph)  (Sq  Ft  EDR) 

833  3332 

1200  4800 

1500  6000 

From  this  it  is  apparent  that  it  is  less  costly  to  provide  ample  storage 
and  to  reduce  boiler  capacity  than  to  diminish  the  storage  and  supply  a 
greatly  increased  boiler  capacity  to  compensate. 

The  boiler  allowance  value  of  4  sq  ft  of  equivalent  steam  radiation  for 
each  gallon  of  water  heated  through  a  temperature  range  of  100  F  is 
based  on  an  hourly  heating  rate.  When  reduced  heating  capacities  are 
desired  for  economic  reasons  of  boiler  design  and  selection,  engineers 
frequently  recommend  that  the  heating  rate  be  extended  over  a  period  of 
two  hours  in  which  case  the  boiler  allowance  value  would  be  reduced  to 
2  sq  ft  of  equivalent  steam  radiation.  Similarly,  any  other  heating  rate 
may  be  established  and  a  corresponding  value  of  boiler  allowance  deter- 
mined. 

Reliable  information  based  upon  the  installations  of  several  heaters  in 
existing  heating  systems  indicates  varying  arbitrary  values  of  boiler 
allowances  to  be  used.  When  these  values  are  selected  for  usage,  a  careful 
analysis  of  the  varying  factors  involved  in  determining  these  values  should 
be  considered  so  that  the  proper  heating  allowances  may  be  provided. 

ESTIMATING  HOT  WATER  DEMAND  BY  FIXTURES 

In  buildings  where  the  occupancy  is  doubtful  and  only  the  number  of 
plumbing  fixtures  can  serve  as  a  basis  for  determining  the  probable  hot 
water  demand,  the  problem  is  not  so  simple  owing  to  the  fact  that  a 
fixture  gives  no  information  as  to  how  heavy  a  service  may  be  demanded 
from  the  fixture  and  this  amount  of  service  is  really  the  governing  factor 
in  making  an  estimate  of  the  probable  hot  water  demand.  Table  13  may 
prove  of  some  value  in  this  respect  as  it  gives  the  maximum  assumed 
quantity  of  hot  water  per  hour  which  will  be  demanded  of  any  fixture  and 
then  gives  a  percentage  of  this  amount  which  may  be  assumed  as  probable 
in  different  types  of  buildings.  Table  14  gives  approximate  hot  water  re- 
quirements in  various  types  of  buildings. 

Example  6.  Let  it  be  assumed  that  an  apartment  house  with  20  apartments  has  20 
baths,  20  lavatories,  20  kitchen  sinks  and  20  laundry  trays;  what  is  the  probable  maxi- 
mum hourly  demand  for  hot  water? 


20  Baths  at  40  gal  and  33  per  cent 

20  Lava,  at  20  gal  and  25  per  cent. 

20  Sinks  at  30  gal  and  33  per  cent,, 


„  270  gal 
..  UK)  gal 
.,  200  gal 


20  Trays  at  50  gal  and  60  £er  centZZ:"~^^  "  MQ  S 

Total 

Probable  peak  use  at  one  time..  J".".!!.!!"i!"!~!Zi]""!!"]Z""!"!™!I""!!!"« 


..1 170  gal 


35  per  cent 


Probable  actual  peak  demand ~409"fft)h l'""" 

If  three  persons  are  assumed  to  an  apartment  the  total  daily  use  of  hot  water  should 
approximate  20  X  3  X  40  gal  -  2400  gal  and  if  the  peak  hour  is  10  per  cent  $  this 
amount,  the  peak  hour  by  this  method  shows  a  probable  demand  of  one-tenth  of  2400 
gal,  which  indicates  that  the  values  in  Table  13  are  safe. 
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Micron  .........................................................................  .  ..........................................  .  ...........  jx  (mu) 

Miles  per  hour..  ......................................................................................  .  ........  .  .....  ...  ..............  mph 

Millimeter  ............................  ...  ..........  .  ................  .................  .  .....  ......  .  ........................  ,  ..........  ....mm 

Minute  ...............................................................................................................  .  ......  .  ...............  min 

Molecular  weight  .....  „  ...................................................................................  .  .........  .  ........  mol,  wt 

Mol  ......................................................................................................................  ..........  .....  .  ......  mol 

Ounce  ...................................................................................................  „  ..........  ........  .........  .  ..........  oz 

Pound..  ................  .  ......  .  .................  .............  .  ..........  ........  .  ........  .  .......  ......  ......  .............  ...  .  .....  ...  Jb 

Power,  Horsepower,  Work  per  unit  time  .........................................................  ......  .................  P 

Pressure,  Absolute  pressure,  Gage  pressure,  Force  per  unit  area  ................................  .  .....  ..p 

Quantity  (total)  of  fluid,  water,  gas,  heat;  Quantity  by  volume;  Total  quantity 

of  heat  transferred  ................................................................  .  ......................  ....  .........  .  .......  Q 

Quality  of  steam,  Pounds  of  dry  steam  per  pound  of  mixture  ................  .  .....  „  ......................  x 

Revolutions  per  minute  .............................................................................  .  ..........  ......  ..........  rpm 

Saturated  liquid  at  saturation  pressure  and  temperature,  Liquid  in  contact 

with  vapor  ..................................................  .  ....................................  .  ........  .  ........  .Subscript  f 

Second  ..........  —  «  ......................  ...  .................  ,.  .  ..............  .  ......  ......  .  .....  ,...,,,.  .....  ,  »  .....         ......  .  ......  sec 

Specific  gravity  ........................................................................  .  .............  .  .........  .„  .....  „,„  .........  sp  gr 

Specific  heat  ............................................  „  ..............................  „  ...................  »  ...........  .  ......  sp  ht  or  c 

Specific  heat  at  constant  pressure  ................................................  „  ........  ..  ............  .  ............  ,  .....  £p 

Specific  heat  at  constant  volume  .....................................................  .  ......  .  ......  .  ......  „  ........  „.  ......  <?v 

Specific  volume,  Volume  per  unit  weight,  Volume  per  unit  mass  .....  ....  .........  .„„  ..................  .v 

Square  foot  ...................................................................................  .  ...........................  »  ............  $q  ft 

Square  inch  .......................................................................................................  .  .................  .sq  in. 

Temperature  (ordinary)  F  or  C,  (Theta  is  used  preferably  only  when  t  in  used  for 

Time  in  the  same  discussion)  ..........  .  ............................................  .  ..............  J  or  0  (theta) 

Temperature  (absolute)  F  abs  or  K.  (Capital  theia  is  used  preferably  only  when 

small  theta  is  used  for  ordinary  temperature)  ...........................  ...Tor  0  (capital  theia} 

Thermal  conductance3  (heat  transferred  per  unit  time  per  degree)  -  ..............  .  ..........  ......  .C 

r-    *         kA         JL 

"F       "L        Ti  -Ta 

Thermal  conductance  per  unit  area,  Unit  conductance  (heat  transferred  per 

unit  time  per  unit  area  per  degree)  .................................................  „..„„..„„.  ........  .„....£» 

r    .  J?-  m    l    .  ,      9         m    k 
Ca        A         RA       A  fa  -"$        L 

Thermal  conductivity  Cheat  transferred  per  unit  time  per  unit  area,  and  per 

degree  per  unit  length)  .................................................  .  .....................  „  ..........  „  ...............  ,.„£ 

3. 
,  'A' 

m  &  -15 

"L 

Surface  coefficient  of  heat  transfer,  Film  coefficient  of  heat  transfer,  Individual 
coefficient  of  heat  transfer  (heat  transferred  per  unit  time  per  unit  area 
per  degree)  ..............................................................  „  ...................  .„..  ......................  ..,...„,....../ 


(In  general  /  is  not  equal  to  k/L,  where  L  is  the  actual  thickness  of  the  fluid  film.) 
Over-all  coefficient  of  heat  transfer,  Thermal  transmittance  per  unit  area  (heat 

transferred  per  unit  time  per  unit  area  per  degree  over-all)  .....  .  ...........  ,„.„  .............  ..  U 

J 


transmittance.    Terms  ending  ion  designate  rate  of  heat  transfer,    Examples;  conduction,  transmission," 
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In  this  Catalog  Data  Section  of  The  Guide 
188  manufacturers  present  detailed  descrip- 
tions of  modern  Keating,  ventilating  and  air 
conditioning  eq-uipment  260  pages  of  valuable 
data,  profusely  illustrated. 

AlpKabetical  arrangement  of  advertisers  on 
pages  811-816 — permits  ready  reference  to  tine 
products  of  a  Specific  manufacturer. 

For  convenience  in  locating  manufacturers' 
data  on  various  types  of  apparatus  and  ma- 
terials, the  equipment  shown  in  the  Catalog 
Data  Section  has  been  grouped  as  follows  s 

Air  Conditioning 817-860 

Air  System  Equipment,  , 861-936 

Controls  and  Instruments 937*066 

Heating  Systems 967-1046 

Insulation, . 1047-1084 

A  classified  Index  to  Modern  Equipment*-- on 
pages  1 097- 1 1 20  •—  contains  d  omplet  e  listings 
of  ^manufacturers  whose  products  are  described 
in  the  Catalog  Data  Section. 


Air  Conditioning 


Central  Station 


Parks-Cramer  Company 

Fitchburg,  Mass.  Charlotte,  N.  G. 

CERTIFIED  CLIMATE 

Complete  Air  Conditioning  Systems  including  Heating 

Cooling,  Humidifying  or  De-humidifying,  Air  Changing, 

Refrigeration,  Air  Filtering,  Air  Washing 

AUTOMATIC  REGULATION 
Merrill  Process  System  of  Hot  Oil  Circulation  for  Heating  j[n_dugtrial  Materials 

Central  Station  Air  Conditioning 

Centrally  located  AIR  WASHER.  Proper  moisture. 
Positive,  pre-detennined  air  removal  or  re-circulation, 
Healing  coils  and  refrigeration  optional,  Helps  such 
industries  as  Celluloid;  Cement;  Ccramir»;  Cereals; 

Cigars,  Cigarettes  and  Tobacco;  Clothing;  Confection- 
ery; Glassine;  Leather;  Paper  and  Envelopes;  Printing 
and  Lithographing;  Shoes;  Starch  and  Dextrine; 
Storage  of  Perishables;  Textiles;  Wood  Products. 
Similar  installations  effective  in  Hospitals,  Art  Gal- 
leries, Auditoriums,  Restaurants. 

Air  Washer  or  Central  Station  Units, 
Nozzles  for  Central  Station  Air  Washers, 

High  Duty  Humidifier 

Water  under  pressure  generates  spray.  Kxccss  water 
returns  to  filter  tank  and  re-circulates,  Evaporation  per 
unit  high;  two  sixes  of  heads  each  with  three  sixes  of 
nozzles  give  flexible  capacity  for  varying  conditions. 
Circulation  increased  by  individual  motor-driven  fan, 
Spray  thoroughly  diffused  and  dint  ribuUtd  ovt»r  wide  area. 

Turbomatic  Humidifier 

(not  illustrated) 

Efficient  humidifier  of  the  atomizer  type.  For  direct 
humid ification,  as  humidity  boosters  for  Central  Station 
systems  of  all  makes.  Self-cleaning, 

Parks  Automatic  Airchanger 

For  use  with  Hiph  Duty  or  Turbomatic  I  lumulifiers,  In- 
sures fixed  humidity  and  maximum  evaporative  cooling* 

Automatic  Regulation 

The  Psychrosiat  for  accuracy,  durability,  uensitivity* 
Employs  the  principle  of  the  Sling  Peychrometer,  used 
in  all  U,  S.  Weather  Bureau  Stations,  Hygrostat  (not 
illustrated)  where  requirements  are  not  BO  exacting, 
An  Air  t  Conditioning  System  is  no  better  than  its 
Regulation. 

The  Pettifogger 

A  compact  humidifier  for  offices,  stores,  utorerooms, 
laboratories,  or  other  isolated  departments.  Self-con- 
tained in  lacquered  copper  casing.  Permanently  though 
flexibly  connected  to  water  and  electrical  supplies. 
Automatic  control,  Adjustable  capacity.  Reduces 
dust.  Neutralizes  drying  effect  of  heating. 
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High  Duly  Humidifier 


Psychrostat 


Pettifogger 


Air  Conditioning 


Delco  Appliance  Division 

General  Motors  Sales  Corporation 


Rochester,  N* 


Delco  Offers  a  Complete  Line  of  Automatic  Heating  Products,  including;    Oil 

burners,  bituminous  coal  stokers,  oil-fired  boilers,  oil  and  HUB- fired  winter  air  conditioners, 
automatic  water  heaters,  thermostats  and  master  control**, 

Write  to  Delco  Appliance  Division,  General  Motors  Salea  Corporation,  Rochester, 
N.  Y,,  for  latest  information  and  detailed  specifications,  or  coniiult  your  local  Delco 
distributor  whose  address  is  listed  in  the  classified  section  of  your  telephone  directory. 


Model  "A"  Oil  Burner 
with  Rotopower  Unit 


DELCO  AUTOMATIC  HEAT 

OIL  BURNERS 

Delco  Oil  Burners  employ  the  highly  dltcicnt  pressure 
atomizing  method  of  breaking  the  liquid  fuel  into  fine 
particles  for  complete  comhutttion.  In  the  Delco  Oil 
Burner  with  the  Kotopower  Unit,  the  motor,  air 
blower,  fuel  pump,  filter  and  fuel  control  valve  are  all 
contained  within  a  single,  ea«y«to™  remove  unit  on  an 
integrated  shaft,  The  high«pren»ion  pump  connecting 
directly  to  the  shaft,  of  the  Rotopower  Unit,  motor 
has  only  two  moving  parta,  fitted  together  within 
2/10lpO()ths  of  an  inch, 

^  Built,  into  the  Kotopower  Unit  in  the  Thin  Mix  Fuel 
Control  which  regulates  the  pretwure  of  the  fuel  oil  for 
proper  mixing  with  air  to  asiture  the  nicmt  economical 
flame.  Delco  Oil  Burners  are  available  in  5  sixes  in 
standard  voltage  characterful ic*  with  combustion  rates 
from  I  to  16,5  gal  per  hour  or  a  capacity  range  from 
440  to  6,550  8(j  ft  of  steam,  KDK, 

BITUMINOUS  COM,  STOKERS 

Delco  Stokers  which  are  designed  to  provide  automatic 
firing  for  coal-fired  domestic  heating  plants  are  of  the 
underfeed,  screw  type  with  intermittent  coal  feed, 
Two  20-pound,  one  30-pound  and  one  50-pound  atokcr, 
burning  bituminous  coal,  make  up  the  Delco  line. 
features  incorporated  in  deluxe  model*  include;  auto- 
matic controls,  air  control,  Rhino-Hide  lined  hopper, 
smokeback  eliminator,  oversixe  feed  worm,  and  sound 
insulation. 

Fingertip  transmission  control  permits  ease  of  regu- 
lation of  coal  flow  to  suit  the  weather.  Coal  control 
consists  of  two  speeds  and  neutral  in  20-pound  mqclela; 


SD-80  Stoker 


models,  900  sq  ft  steam  KDR,  and  Impound  modela, 
1500  sq  ft  steam  EDR, 
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Air  Conditioning 


FEDDERS 

MANUFACTURING    COMPANY,    INC. 
85  TONAWANDA  ST. 

BUFFALO,  NEW  YORK 


Unit  Healers 


Unit  Coolers 


AT 

TRANSFER 
SPECIALISTS 
SINCE/<a£><T 


FEDDERS  UNIT  HEATERS 

Streamline  tubes,  individual  non-dp^- 
gintf  fins,  patented  full-floating  mounting" 
eliminates  expansion  stresses  between 
heating  element  and  mounting,  relief*, of 
differential  expansion  umontf  tubes,  rugged 
monopiece  cabinets,  cjuiet  operation, 
Standard  horizontal  delivery  unit  heaters 
built  in  25  basic  sizes,  all  available  with 
single,  two  or  multi-speed  and  standard 
speed  motors,  Also  available  with  slow 
speed  motors  and  motors  for  odd  fre- 
quencies. 

FEDDERS  VERTICAL  HEATERS 

In  handsome  circular  dcwi&n  .  .  .  require 
minimum  headroom  ,  .  .  provide  broad 
distribution  of  heated t air  ,  *  ,  quiet  oper- 
ation .  .  .  built  iti  a  wide  range  of  m/es. 

UNIT  COOLERS 

Built  in  a  complete  ranRe  of  single  and 
twin  fan  sixes  for  use  with  refrigerant  or 
cold  water.  Finished  in  attractive  polar 
green. 

AIR  CONDITIONING  UNITS 

Available  in  any  combination  for  heat- 
ing, cooling,  humidifying  and  dehuniidi- 
fymg  and  air  filtering.  Seven  basic  models 
from  I  to  25  tons  rooling  capacities 
designed  for  floor  or  ceiling  installations, 
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Air  Conditioning  •  Sd'cSS 


The  Unit  Heater  and  Cooler  Division 

D.  J.  Murray  Mfg.  Co. 

Wausau,  Wisconsin 

Offices  In  Principal  Cities 

MANUFACTURERS  OF  THE  GRID  UNIT 

(PATENTED) 


All-cast  aluminum 
"fins"  bonded  to 
cast  high-test  iron 


No  soldered , 
brazed,  or  expand- 
ed joints  —  no 
unions — no  seams 
— fewest  connec- 
tions possible. 


Typical  Installation  of  Grid  Unit  Heater 


GRID  UNIT  HEATER  DATA 


Model 

No. 

Dimensions 
Inches 

Face 
Area 
SqFt 

Motor 

Vol. 
at 
Fan 

Capacities 
5  Lb  Steam  60°  Air 

Approx, 
Shipping 
Weight 

Pipe  Sizes 

A 

B 

C 

D* 

Hp 

Rpm 

Btu 

Final 
Temp. 

Supply 

Return 

1000 

16% 

113/4 

93/8 

16 

0.84 

1/20 

1700 

578 

29,400 

107 

100 

l'/4" 

IW 

1200 

18'/2 

131/2 

1H/2 

171/2 

1.04 

1/20 

1700 

711 

46,000 

119 

120 

I'/4M 

1'/4" 

515 

233/B 

17'/2 

H!/2 

20 

1.65 

1/10 

1750 

1290 

59,600 

102 

160 

W 

1'/4" 

1500 

233/8 

171/2 

1H/2 

20 

1  67 

1/10 

1750 

1450 

77,500 

109 

210 

I1/!11 

1'/4" 

1520 

273/8 

171/2 

11'/2 

20 

2.2 

1/10 

1750 

1700 

104,000 

113 

250 

1'/2" 

1'/4" 

520 

283/8 
28% 

221/8 

H7/8 

21'/2 

2.9 

1/6 

1150 

2500 

102,300 

97 

250 

2" 

l'/4" 

2000 

221/8 

H7/8 

21  Vi 

2.9 

1/6 

1150 

2500 

148,000 

114 

320 

2" 

H/4M 

2025 

33i/2 

22i/8 

H7/8 

2H/2 

3.6 

1/6 

1150 

2875 

177,000 

115 

370 

2" 

11/4" 

525 

35V4 

271/2 

13 

28 

4.5 

1/2 

1150 

4200 

166,400 

94 

390 

2" 

1'/4M 

2504 

351/4 

27'/2 

13 
13 

28 

4.5 

1/4 

1150 

3200 

210,000 

118 

420 

2" 

1'/4" 

2500 

35V4 

27i/2 

28 

4.5 

1/2 

1150 

4200 

225,000 

108 

440 

2" 

1VV 

2530 

371/4 
39% 

271/2 
325/8 

13 

28 

5.3 

1/2 

1150 

4650 

282,000 

115 

530 

2" 

1'/4" 

530 

13 

29 

6.5 

1/2 

1150 

5300 

260,500 

105 

600 

2i/2n 

W 

3000 

39V8 

325/s 

13 

29 

6.5 

1/2 

850 

6350 

341,000 

109 

690 

2'/2" 

l'/4" 

3000 

39i/8 

32yR 

13 

29 

6.5 

l'/2 

1150 

8100 

394,000 

2'/2M 

GRID  UNIT  HEATERS  ARE  NOT  AFFECTED  BY  ELECTROLYTIC  ACTION 

No  leaks— no  breakdowns,  Lower  outlet  temperatures. 

Low  maintenance  expense.  Larger  air  volume. 

More  air  changes  per  hour.  Reduced  fuel  cost. 

Positive  "directed"  heat.  Applicable  to  either  low  or  high  steam  pressure  lines. 

Send  for  Bulletin  on  Units  not  listed  above. 
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Air  System  Equipment 


AIT  Filters 
and  Cleaners 


The  Air-Maze  Corporation 

5202  Harvard  Avenue,  Cleveland,  Ohio 
ENGINEERS  AND  MANUFACTURERS  OF  AIR  FILTERS  EXCLUSIVELY 

DIRECT  FACTORY  REPRESENTATIVES  IN  ALL  INDUSTRIAL  AREAS. 
DISTRIBUTORS  IN  PRINCIPAL  CITIES  AND  TOWNS  THROUGHOUT  TIIK  UNITED  STATES. 


During  more  than  a  decade  devoted 
exclusively  to  air  filter  engineering  and 
manufacturing,  a  great  deal  about  the 
control  and  elimination  of  dust,  pollens 
and  grit  has  been  learned  by  AIR-MAZE 
engineers.  Their  design  and  development 
of  a  unique  type  of  filter  element  con- 
struction, embodying  distinctive  advan- 
tages, has  been  considered  a  worthy  con- 
tribution to  the  air  filtering  science  and  has 
resulted  in  wide  acceptance  of  AIR-MAZE 
air  filters  in  all  fields  of  application. 


J8  in.  Thick  Panel  4  in.  Thick  Panel 

AIR-MAZE  Permanent  Cleanable  Panel  Filters 


Note  Advantages  Made  Possible  by 
Air-Maze  Scientific  Construction: 

Costs  Little  to  Clean— The  separating 
layers  and  exact  spacing  of  baffles  permit 
free  washing  action  between  and  around 
all  baffles.  Thus,  cleaning  and  charging 
operations  may  be  easily  and  economically 
performed. 

Great  Dust  Capacity — Unique  design 
of  the  AIR-MAZE  screen  wire  element 
provides  a  vast  area  of  baffles  on  which 
collected  material  can  become  impinged; 
thus  great  capacity  is  assured. 

Vibration  Proof — Vibrations  in  service 
cannot  shake  filter  media  out  of  position — 
the  uniform  density  remains  permanently 
perfect;  no  replacements  are  necessary! 

AIR-MAZE  Are  Listed  by  Under- 
writers' Laboratories — When  serviced 
according  to  the  methods  recommended 
by  the  Underwriters'  Laboratories,  AIR- 
MAZE  panel  filters  are  approved  as  fire 
retardant  air  filters. 


Efficiency — Tests  under  varying  con- 
ditions, both  in  laboratories  and  field  oper- 
ations, show  air  filtering  efficiency  of  from 
98,00  to  99.83  per  cent  with  practical  dust. 

No  Clogging  —  Because  AIR-MAZE 
panel  filters  are  easy  to  completely  clean 
and  since  the  exact  density  enables  uni- 
form deposit  of  dust,  no  clogging  can  occur. 

Adaptability — In  addition  to  air  condi- 
tioning and  power  equipment  installations 
AIR-MAZE  panel  filters  are  effectively 
used  in  humidifiers,  water  eliminator  units, 
paint  spray-booths,  oil  separators,  range 
canopies  in  kitchens,  ancl  other  applica- 
tions where  specific  problems  and  unusual 
requirements  are  easily  handled  by  adapta- 
tions of  the  panels.  AIR-MAZE  panels 
will  be  made  to  fit  frames  of  existing 
installations  ancl  can  be  furnished  with 
locking  handles  ancl  latches,  snap  catches, 
or  with  flanged  edges  ancl  lift  handles. 


Magnified  Section  of  "Loaded"  AIR-MAZE  Air 
Filter  Element.  Note  that  dust  has  been  quite  evenly 
impinged  on  the  wires.  No  obstructed  spaces  can  be 
seen.  This  feature  accounts  for  the  Low  Pressure 
Drop  and  Non-clogging  characteristics  ofAlR~MAZE 

TECHNICAL  INFORMATION 

Sizes — All  sizes  and  thicknesses  are 
available ;  two  and  four  inch  thick  panels 
are  the  accepted  standard.  Installations 
using  large  sizes  of  these  permanent  panels 
are  surprisingly  low  in  cost. 

Capacity — Recommended  air  capacity 
is  \y<i  to  2l/i  cfm  per  square  inch.  Thus, 
the  capacity  of  a  20  x  20  in.  panel  is  600 
to  1000  cfm.  Normally,  2  cfm  per  square 
inch  should  be  used.  * 
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Air  System  Equipment  •  ^ 


Research  Products  Corporation 

Madison,  Wisconsin 

RESEARCH  AIR  FILTERS  FOR  HEATING  AND  AIR  CONDITIONING 


Research  Filter  With  Cardboard 
Frame 

Disposable 
filter,  which 
when  dirty,  is 
replaced  by 
entire  new 
unit.  For  warm 
air  furnaces, 
air  condition- 
ing units,  filter 
banks. 

Research  Self-Seal  Re-Fil-Able  Filter 
With  Hooked  Wire  Grids 


Research  Self-Seal  Re-Fil-Able 
Filter  With  Hinged  Wire  Grids 


No.  "300"  Series 

Easy-to-change  Re-Fil-Able  filter.  Re- 
placeable pad  held  snugly  between  hinged 
wire  grids,  Used  extensively  for  filter 
banks. 

Research  Steel  Frame  Re-Fil-Able 
Filter 


No.  "200"  Series 


Filter  pad,  sandwiched  between  wire 
grids  which  hook  together;  pad  is  easily 
replaced.  Used  in  furnaces,  air  con- 
ditioning units  and  filter  banks. 


No.  "400"  Series 
Re-Fil-Able  filter  with  permanent  steel 
frame,  complete  with  wire  grids  to  hold 
the  removable  pad  in  rigid  position.  New 
pad  easily  inserted. 


TECHNICAL  DATA  ON  RESEARCH  AIR  FILTERS 


Capacity  Rating 

Research  Air  Filters 
are  rated  at  2  cf  m  of 
air  per  sq  in.  of 
gross  nominal  area. 
Recommended 
maximum  air  veloc- 
ity is  400  fprn. 


Resistance,         Air 
Inches  of       Velocity, 
Water  FPM 


.018., 
.065., 
.130., 
.200., 


100 
200 
300 
400 


A  Research  Air  Filter  20  x  20  x  2  in., 
when  tested  according  to  the  test  code 
of  the  American  Society  of  Heating  and 
Ventilating  Engineers  has  an  efficiency 
of  93  per  cent,  tested  with  standard 
code  dust.  The  clust  holding;  capacity 
with  standard  code  dust  is  150  grams 
per  sq  ft  of  filter  area,  the  restriction  at 
this  dust  load  being  .2  in.  of  water. 


RESEARCH  "100"  AND  "400"  SERIES  2-INCH  AIR  FILTERS 
Dimensions,  Ratings  and  Manufacturing  Tolerances 


Nominal  Sizes 

Ratings 

Actual  Dimensions 

These   dimensions    are 
used  by  the  trade  to 
'  order  niters  and  refer 
primarily  to  the  size  of 
holder  into  which  the 
filter  fits. 

Volume  of  Air 
Cleaned  at 
Velocity 
300  F.P.M. 
C.F.M. 

A 

Width 

B 
Height 

C 

Thickness 

D 
Border 

Tolerances 

Plus  0.00  In. 
Minus  VB  In. 

Plus  He  In. 
Minus  J'ffl  In. 

20  x  25  x  2 
20  x  20  x  2 
16x25x2 
16x20x2 
15  x  20  x  2 

1000 
800 
800 
640 
600 

195/8 
195/8 

15% 

15% 

14% 

24% 

195/8 

24i% 
195/ 
19% 

% 

3? 

Si? 

1* 

l?io 

3/4 

I 
I 
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Jos.  A.  Martocello  &  Company 

229-31  North  13th  Street,  Philadelphia,  Pa. 
ATOMIZING  SPRAY  NOZZLES 


Martocello    Spray    Nozzles 

are  broadly  used  for  all  types 
of  installations.  Manufactured 
with  precision  and  of  a  design 
which  has  been  thoroughly 
tested  for  results  and  dura- 
bility, they  are  guaranteed  to 
give  you  satisfaction. 


Successful-Efficient  results 

depend  largely  upon  selecting 
the  proper  number  and  type  of 
Nozzle  suitable  for  your  instal- 
lation. Consult  with  us. 


Martocello    Spray    Nozzles 

produce  a  uniform  fine  wide 
spray  with  minimum  friction 
and  at  lowest  pressure  require- 
ments. 


Types  of  Martocello  Spray  Nozzles 

For  maximum  efficiency  we  recommend  Nozzle 
orifices  as  indicated  in  table  below.  Any  reasonable 
range  of  capacity  for  various  pressures  can  be  provided. 

Sizes  and  Capacities 


We  appreciate  your  in- 
quiries and  offer  our  coopera- 
tion in  assisting  you  to  select 
a  proper  Nozzle  for  best  results. 


Pipe  Size 
Inches 

Part  No. 

Diam.  Orifice 
Inches 

Capacity,  Gallons  per  Minute 

51b 

10  Ib 

15  Ib 

20  Ib 

25  Ib 

30  Ib 

35  Ib 

40  Ib 

! 

1930 
1910 
1910  Double 
1920 

7/64 
13/64 
5/32 
17/64 

.22 
.54 
.86 
1.48 

.29 
.77 
1.18 
1.96 

.34 
.96 
1.48 
2.38 

.39 
1.13 
1.76 
2.75 

.44 
1.29 
2.02 
3.08 

.49 
1.44 
2.24 
3.36 

.54 
1.58 
2.44 
3.60 

.59 
1.71 
2.63 
3.82 

3/8 

8 

2300 
2304 
2308 

7/32 
5/16 
11/32 

1.98 
2.66 
3.59 

2.63 
3.77 
4.87 

3.15 
4.71 
5.92 

3.62 
5.52 
6.83 

4.05 
6.24 
7.62 

4.44 
6.87 
8.33 

4.80 
7.47 
8.98 

5.13 
8.04 
9.60 

Nozzles  illustrated  above  are  made  in  Brass  Forging  and  machined  brass  bar 
stock.  Cast  Red  Brass  Nozzles  in  1  in.  to  2  in.  pipe  sizes  also  available.  All 
sizes  carried  in  stock  for  prompt  shipment. 

Satisfaction  Guaranteed 
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Air  System  Equipment 


Refrigerating 
Machinery 


GENERAL   REFRIGERATION    DIVISION 

YATES-AMERICAN  MACHINE  COMPANY 

Dcpt.  H.V.A.-41  Beloit,  Wis.,  U.S.A. 

Commercial  Refrigeration 

Cooling  Units 
Air  Conditioning  Units 


GR-LIPMAN  Equipment 

for  air  conditioning  and 
commercial  refrigera- 
tion includes  appara- 
tus for  practically 
every  type  of  service 
— a  great  variety  of 
models  in  a  wide  range 
of  capacities. 

Refrigeration  Units 
are  available  in  air  or 
water-cooled  types,  for 
use  with  accepted  and 
popular  refrigerants. 

Types  and  Capacities 
Methyl  Chloride^  to    5  hp 

Freon-12 %  to  30  hp 

Ammonia 1    to  40  hp 

Small  sizes  are  self- 
contained  and  fully 
automatic;  larger  sizes 
are  available  with 
manual  control  op- 
tional. 

Air  Conditioning 
Units  are  furnished  in 
both  floor  and  ceiling 
types  for  use  in  stores, 
restaurants  and  other 
commercial  establish- 
ments. All  units  are 
self-contained  and  are 
shipped  ready  to  install 
and  operate — controls 
are  adjusted  before 
shipment. 


Refrigerating  units  in  Air  or 
Water-Cooled  types 


Store    Coolers    available 
in  S  popular  sizes. 


A  size  and  type  to  meet  every  need.  Ammonia. 
Methyl  Chloride,  Freon-12 


Self-contained  Cooling  Unit. 


Ceiling  Type  Cooling  Unit. 

DEALERS:  DISTRIBUTORS:  The  market  for  GR-LIPMAN  Equipment  is 
as  broad  as  the  field  for  air  conditioning  and  commercial  refrigeration.  A 
complete  line  of  dependable,  economical  equipment,  backed  by  a  thorough- 
going engineering  service,  and  aggressive  sales  and  advertising  cooperation. 
Write  for  details  on  GR-LIPMAN  Equipment. 
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Air  System  Equipment   •  Fans  and  Blowers 


Bayley  Blower  Company 

1817  S.  Sixty-Sixth  Street    Branches  in  Principal  cities        Milwaukee,  Wis. 

Builders  of  Heating,  Ventilating,  Cooling,  Purifying,  Humidifying  and 

Air  Washing  Equipment;  Exhaust  and  Drying  Apparatus,  Mechanical 

Draft  and  Blast,  Fans  and  Blowers  of  all  Types 


Bayley  Plexiform  Fan: 

Is  a  multi-blade  fan  for 
supplying  air  for  heating 
and  ventilating  systems, 
manufacturing  processes, 
drying  systems,  forced 
and  induced  draft  sys- 
tems. It  is  suitable  for  handling  high  or 
low  temperature  gases  at  medium  or  low 
pressure.  Will  deliver  maximum  quanti- 
ties requiring  minimum  space  with  great 
economy. 

This  is  a  distinct  Bayley  product,  high 
class  material  and  workmanship,  properly 
designed  to  avoid  excessive  vibration  and 
overstressing  of  parts.  Inlets  and  outlets 
are  properly  sized  for  maximum  delivery 
and  maximum  efficiency.  Fans  are  fur- 
nished in  single  or  double  width  of  any 
required  arrangement  and  with  sleeve  or 
anti-friction  bearings. 

Aeroplex  Fan: 

Is  of  high  speed  design  with  self  limiting 
power  characteristics.  Application  parallel 
to  the  Plexiform  Fan.  Highly  efficient  and 
quiet  in  operation. 

Bayley  Exhausters  and  Pressure  Blowers: 

Type  "B"  exhaust  fan 
is  for  heavy  duty,  hand- 
ling refuse  from  industrial 
and  textile  plants.    Type  i 
"SE"  is  used  in  handling 
smoke,  fumes  and  dust- 
laden  gases.     Type  "H" 
for    high-pressure    work. " 
These  units  are  highly  efficient  ^  and 
high  class  design  and  workmanship. 

Bayley  Turbo  Air  Washers, 

Humidifiers  and  De-Humidifiers: 

The  Turbo 
Atomizer 
used  in  the 
Bayley 
Washer  pro- 
d  u  c  e  s  a 
steady,  fine 
spray.  Water 
at  low  pres- 
sure is  deliv- 
ered to  the 
center  of  a 
rapidly  re- 
volving cone-shaped  rotor  provided  with 
atomizing  pins  set  in  its  periphery.  This 


The  Bayley  Turbo  Air  Washer  Show- 
ing Turbo  Atomizer  and  Eliminator 


atomizer  requires  very  little  attention, 
and  will  operate  successfully  under  low 
water  pressure.  The  orifices  are  large  and 
this  atomizer,  unlike  high  pressure  nozzles, 
cannot  clog. 

Bayley  Chinook  Heating  Sections: 

The  Chinook  sec- 
tion is  used  with 
blast  heating,  venti- 
lating and  drying 
systems,  and  is  suit- 
able for  high  or  low 
pressure  steam  cir- 
culation. The  base 
is  divided  into  two 
chambers.  Steam 
enters  (see  cut)  the  I 
lower  chamber,  ris- 
ing through  %-in.  pipes  located  within 
the  lM-in.  pipes  leading  from  the  upper 
chamber.  Condensation  takes  place  in 
the  larger  pipes,  the  water  falling  into  the 
upper  chamber  and  draining  away  through 
the  return  outlet.  The  Chinook  can  be 
repaired  in  the  middle  of  the  bank  without 
breaking  steam  connections  or  taking 
down  a  section. 

Shipped  assembled  in  smaller  sizes,  and 
knocked  down  in  the  larger  units.  May 
be  installed  in  horizontal  or  vertical 
position. 

Bayley  Ghinookfin  Heating  Sections: 

Are  the  same  design  as  the  Chinook 
Heaters,  using  heavy  gauge  copper  fin 
tubes.  As  compared  with  Chinook  it  ia 
much  lighter  and  occupies  less  space. 

Bayley  Plexfin  Unit  Heaters: 

This  unit  in- 
corporates 
Chinookfin 
radiation  and 
Plexiform  or 
Aeroplex  fans. 
The  fan  assem- 
bly including 
top  plate  and 
motor  is  re- 
movable as  a 
unit  for  main- 
tenance and 
inspection.  The  heating  element  is  a  re- 
movable unit.  Casing  all  welded  extra, 
heavy  gauge.  This  is  an  exceptionally- 
high  grade  unit  at  a  moderate  price. 
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The  Torrington  Mfg.  Co. 


Air  System  Equipment   •  Fans  and  Blowers 


Airistocrat  "Standard"  Series 
Pats.  2,072,32®  and  2,081,707 


S-Blade  Airistocrat  "F"  Series 


4- Blade  Aristocrat  Pressure  Fan  "P"  Series 


4-Blade  Aristocrat  Pressure  Fan  "U"  Series 
(also  made  in  two  blade  model} 


AIRISTOCRAT  Quiet  Propel- 
ler Fan  Blades  are  widely  recognized 
for  their  all-around  excellent  performance. 
The  unique,  patented  construction  em- 
bodies entirely  new  principles  in  the  art  of 
fan  design — produces  a  blade  unsurpassed 
for  quiet  operation,  rugged  construction 
and  attractive  appearance.  Every  Air- 
istocrat unit  is  carefully  built  and  the 
blades  are  hand  gauged  for  correct  contour 
and  alignment.  Statically  balanced,  these 
blades  deliver  full  air  volume  with  a 
minimum  of  noise.  Aluminum  alloy  blades 
and  steel  spielers  are  standard  _  except 
where  otherwise  noted.  Rotation  is  clock- 
wise only  (facing  air  delivery  side). 

Available  in  the  following  finishes:  1. 
Plain — no  finish  on  blades,  spiders  or  hubs. 

2.  Blades  with  no  finish;  spider  and  hub 
with   cadmium   plate   or   black   lacquer. 

3.  All   black  lacquered,  with  or  without 
center  button.     4.    Buff   and   lacquered 
blades,  black  lacquered  spider  and  hub,  with 
or  without  center  button.    Catalog  gives 
detailed  dimensions  and  guaranteed  per- 
formance curves  recorded  under  NEMA 
and  NAFM  code  tests  at  various  speeds 
for    each    of    the    Airistocrat    models 
described  below. 


"Standard"  Series— Has  blades 
mounted  on  a  steel  spicier.  Sturdy,  attrac- 
tive steel  or  aluminum  blades  which  have 
withstood  extreme  laboratory  breakdown 
tests.  Sizes  8  in,,  10  in.,  12  in.,  14  in.,  16 
in.,  18  in.  and  20  in.  diameters  in  a  variety 
of  pitches  to  meet  every  need. 


Three  Blade  "Y"  Series -The  design 
of  this  blade  is  the  result  of  two  years 
of  laboratory  experiment  to  produce  a 
better  air  circulator  blade.  At  recom- 
mended speed  these  blades  produce  a  high 
velocity  air  stream  effecting  deep  penetra- 
tion with  unusual  quietness.  Sizes  10,  12, 
14,  16,  18,  20,  24  in,  and  30  in.  diameters, 
steel  or  aluminum  blades, 


Pressure  "P"  Series — Similar  in  con- 
struction to  "Standard"  Series  but  with 
blades  especially  designed  for  higher  pres- 
sures. Sizes  10  in.,  12  in.,  14  in.,  16  in. 
and  18  in.  diameters. 


Pressure  "U"  Series — Two  and  four 
blade  models  of  steel  designed  for  pressure 
operation.  Sizes  20  in.,  22  in.,  24  in.,  26  in., 
28  in.  and  30  in.  diameters.  24  in.  and  30 
in.  sizes  suitable  for  attic  fans.  Bulletin 
gives  complete  specifications  and  ratings. 
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Air  System  Equipment  •  gSSKT 


Hart  &  Gooley  Manufacturing  Go. 

Established  1901 

Air  Conditioning  Registers  and  Grilles  -  Warm  Air  Registers 
Damper  Regulators  -  Furnace  Regulators  -  Pulleys  -  Chain 

Holland,  Mich. 

NO.  75  DESIGN— FLEXIBLE  FIN  TYPE  with  TURNING  BLADE  VALVE  to 
provide  DOUBLE  DEFLECTION.    Also  without  Valve  as  Grille  or  Intake 


CONTROL  OF  AIR  FLOW  IN  TWO  PLANES 


Instant  Adjustment  of  Air  Flow 
(Up,  Straight  or  Down) 

Is  obtained  by  turning  the  regulator  on  the  register  face 
to  the  proper  setting  with  a  key  furnished  with  each  register. 
When  the  valve  is  opened,  as  shown  at  the  left,  the  individual 
valve  louvres  automatically  stop  in  position*  to  provide  the 
proper  air  flow — Up  (Fig.  1)  for  cooling  systems  to  avoid 
drafts;  Straight  (Fig.  2)  for  ventilating  systems;  Down 
(Fig.  3)  for  heating  systems  to  prevent  stratification.  When 
the  valve  is  closed,  as  shown  at  the  left  below,  it  completely 
stops  the  flow  of  air. 

Air  Flow  Can  be  Quickly  Adjusted  Sideways 

No.  75  Design  has  a  flexible  fin-type  face.  Each  fin  may 
be  _twisted  individually  with  a  tool  furnished  with  each 
register  or  grille  to  provide  any  desired  sideway  deflection 
of  the  air  flow. 

Greatly  Reduced  Turbulence  and  Resistance 

^igs.  1,  2,  and  3  show  the  air  flow  with  No.  75  Design; 
Fig.  4,  with  the  conventional  register.  Compare  the  turbu- 
lence in  the  stackhead  of  the  latter  with  the  smooth  flow 
obtained  with  No.  75  Design.  So  efficient  is  No.  75  Design 
that  there  is  actually  less  resistance  with  this  register,  using 
a  standard  stackhead,  than  if  no  register  at  ail  were  used. 


Fig.  1 


Fig.  3 


Fig.  4 
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Wickwire  Spencer  Steel  Company 


500  Fifth  Avenue,  New  York  City 


BUFFALO 

CHATTANOOGA 


CHICAGO  WORCESTER 

Los  ANGELES  SEATTLE 


DETROIT 
SAN  FRANC isco 


PHILADELPHIA 
PORTLAND 


Agents  in  Principal  Cities 
WISSCO  STAMPED  GRILLES  and  PERFORATED  METALS 


Design  820 


Design  850 


The  Wickwire  Spencer  Steel  Company  was  the  first 
perforator  in  America  to  produce  stamped  metal  grilles. 
Over  fifty  years'  experience  in  this  field,  modern  equip- 
ment,  complete  warehouse  stock,  and  competent 
workmen  having  an  average  service  record  of  over 
nineteen  years,  assures  excellent  service  and  a  superior 
product. 


Wickwire  Spencer's  modern  machinery  produces 
grilles  as  heavy  as  KG  inches  in  thickness,  and  in  any 
size  or  shape  up  to  60  inches  x  156  inches  in  one  piece. 
Larger  sixes  in  two  or  more  pieces  suitably  joined  so 
that  the  joint  is  virtually  invisible  on  the  front  of  the 
grille.  All  tools,  both  for  standard  design  grilles  and 
those  of  special  design,  are  supplied  by  our  own  tool 
room. 


Wissco  Grilles  are  manufactured  in  over  100  different 
styles  from  standard  dies,  and  in  many  special  designs 
and  curved  shapes  to  customer  specifications.  Per- 
forations are  designed  so  that  uninterrupted  vertical 
and  horizontal  members  give  adequate  rigidity  and 
strength  of  grille  structure  with  effective  concealment 
and  free  air  openings  as  high  as  70  per  cent  of  grille  area. 


Wissco  Grilles  are  fabricated  from  steel,  bronze, 
brass,  aluminum,  stainless  steel  or  monel.  Any  standard 
electroplated  finish  can  be  supplied  on  steel  Polished 
or  oxidized  standard  finishes  can  be  given  bronze,  and 
polished  or  alumilited  finishes  can  be  applied  to  alumi- 
num. Special  finishes  to  match  adjoining  metal  or  to 
harmonize  with  the  surroundings  can  also  be  furnished. 

Invisible  doors,  hinged  grilles,  angle  frames,  or  other 
special  features  will  be  supplied  as  required.  Other 
sheet  metal  designs  and  specialities  produced  as  desired. 


lavnntr^A  ;^rW-S?lle8"  -f^es  detailed  analysis  and  specifications 
layouts.    A  copy  will  be  mailed  to  you  upon  request. 
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Design 


Controls  and  Instruments 


Detroit  Lubricator  Company 

Detroit,  Michigan,  U.  S.  A. 

NEW  YORK,  N.  Y.,  40  West  40th  Street 
CHICAGO,  ILL.,  810  S.  Michigan  Avenue  Los  ANGELES,  CALIF.,  320  Crocker  Street 

Canadian  Representative: 
RAILWAY  AND  ENGINEERING  SPECIALTIES  LIMITED,  Montreal,  Toronto,  Winnipeg 


Dura-Fram  Expansion  Valves 

"Detroit"  Expan- 
sion Valves  are  used 
in  the  liquid  lines  to 
evaporator  coils  of 
refrigeration  and  air 
conditioning  installa- 
tions. They  operate 
at  variable  back  pres- 
sures to  keep  them 
completely  refriger- 
ated regardless  of  the 
variations  in  load. 
Power  elements  are 
charged  with  gas  at  a 
definite  pressure  in- 
stead of  a  liquid.  By  this  means  the  valves 
remain  tightly  closed  whenever  the  suction 
pressure  rises  above  a  specified  point,  re- 
gardless of  the  tem- 
perature of  the  ther- 
mostatic  bulb.  This 
prevents  overloading 
the  motor  when  start- 
ing up  a  warm  system 
or  when  operating 
under  excessive  tem- 
perature conditions. 
Also  provides  instant 
.action  with  no  tem- 
perature lag.  Capaci- 
ties range  from  %  ton 
to  30  tons  with  Freon. 

Detroit  Solenoid  Valves 


Detroit  Solenoid 
Valves  control  re- 
frigerants, water  or 
gas.  They  are 
available  in  the 
following  orifice 
sizes:  J^  in.,  %  in., 

%  in, — and  in  ca- 
pacities up  to  17 
tons  Freon  at  a  2  Ib 
pressure  drop. 


Other  Controls 

This  Company  can  also  supply  a  full  line 
of  Boiler  and  Furnace  Limit  Controls — 
Room  Thermostats  for  both  heating  and 
•cooling  — Fan  controls  —  Humidity  and 
Stoker  Controls  and  Convector  Valves  for 
-concealed  radiators. 


FIBA 


No.  450  Series 

Refrigeration 

Controls 

Supplied  in  several 
models  for  various 
refrigeration  and  air 
conditioning  re- 
quirements. Line 
voltage  type. 
Model  FB-3  con- 
trols refrigeration 
compressor  from 
pressure  changes 
in  the  suction  line. 
Model  FIB  A  has, 
in  addition,  a  high  pressure  cutout,  which 
stops  the  compressor  if  high  side  pressures 
become  excessive.  Other  models  control 
from  temperature  changes.  Range  of  either 
—40  deg.  to  plus  25  deg.  or  —5  <Jeg.  to 
plus  60  deg.  is  available. 

Other  features  include  alarm  circuit, 
external  "cold  control,"  and  high  pressure 
cut-in  for  meat  box  applications,  which 
prevents  long  "off"  cycles  and  guards 
against  "slimy  meat"  in  cold  weather. 


The  New  No.  411  Room 
Thermostat 

The  "Genuine  Detroit"  No. 
411  is  a  very  sensitive  room 
thermostat  for  heating  and  is 
supplied  with  or  without  com- 
pensation (pre-heater).  With 
compensation  it  provides 
straight  line  temperature  con- 
trol, eliminates  "cold  70"  and 
prevents  costly  overheating. 


Balancing  Fittings  for  Circulated 
Hot  Water 

With  "Genuine 
Detroit"  Balancing 
Elbows  and  Straight 
Way  Fittings  on 
each  radiator  return 
the  entire  system 
can  be  accurately 
balanced  after  it  is 
all  tightened  up  and 
in  operation — it  is 

done  with  the  turn  of  a  screw  driver  and 

without  breaking  a  single  joint. 
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Controls  and  Instruments 


ASHGROFT  GAUGE  DIVISION 
AMERICAN  SCHAEFFER  &  BUDENBERG  INSTRUMENT  DIVISION 

Manning,  Maxwell  &  Moore,  Inc. 

Bridgeport,  Conn. — BRANCHES  IN  PRINCIPAL  CITIES 
Makers  of  AMERICAN  INDUSTRIAL  INSTRUMENTS— Since  1851 

Manufacturers  of  Indicating  and  Recording  Gauges;  Gauge  Testers:  "U"  Gauges;  Draft  Gauges; 
Indicating  and  Recording  Thermometers;  Tachometers;  Dial  Thermometers;  Pressure  and 
Temperature  Controllers;  Electric  Temperature  Controllers;  Pop  Safety  and  Water  Relief 

Valves;  Steam  Traps;  Absolute  Pressure  Gauges. 

Also  manufacturers  of  Bronze,  Cast  Steel  and  Forged  Steel  Valves,  Engine 
Room   Clocks;   Barometers;   Mercury  Column    Gauges;    Gauge    Boards. 


Ashcrpft  Gauges  —  Ashcroft  Gauges  are 

made  in  all  sizes  from  2J^  to  12  in.,  for 

pressures  from  8  oz  to  25,000  Ib  and  also 

for  vacuum.    Cases 

are  cast-iron  or  cast 

brass.     The  move- 

ments are  heavy 

duty  and  all  bear- 

ings are   Monel 

Metal.     Write  for 

Catalog  No.  A-59. 

Also  Duragauges 
—  accurate  to  with- 
in Y%  of  1  per  cent.  Stainless  steel  move- 
ment. In  Phenol  Cases  in  4J^  in.,  6  in. 
and  8J^  in.  dial  sizes, 

For  Mercury  Pressure  and  Vacuum 
Gauges,  "U"  Gauges,  Draft  Gauges  and 
Mercurial  Barometers,  write  for  Catalog 
B-59. 


Recording  Duragauges  —  Recording 

Duragauges   are  made   for  all   pressures 

from  15  in.  of  water  to  10,000  Ib  and  for 

vacuum.     They   are 

made  in  one  size  only 

to    accommodate    a 

10  in.  chart,  having 

an   effective  scale 

width  of  3?^  in.  The 

case  is  die  cast  with 

a    dull    black    hard- 

rubber   finish   and 

with  either  bottom  or 

back  connection.    The  pen-arm  is  made  of 

non-corrosive  monel  metal  and  is  of  the 

inverted  type.    Operating  instructions  are 

lithographed  on  the  chart  plate  so  that 

they  cannot   be   lost.     Write   for   Cata- 

log E-59. 


American  Air  Duct 
Thermometer-Designed 

especially  for  both  warm 
and  cold  air  ducts.  Fitted 
with  chromium  plated 
frame,  glass  front.  Fur- 
nished with  9-in.  or  12-in. 
scale  graduated  0-160  F. 
Write  for  Catalog  F-59. 


American  Recording  Thermometers — 

Made  for  recording  temperatures  from 
minus  40  to  plus  1000  F 
or  equivalent  C.  Very  flex- 
ible connecting  tubing  up 
to  200  ft.  One  size  to  ac- 
commodate 10  in.  chart, 
with  an  effective  scale 
width  of  3 %  in. 

Same  case  as  for  the 
American  Recording 
Gauge,  so  that  all  instru- 
ments are  uniform  in  ap- 
pearance when  mounted 
on  Gauge  Boards.  Write 
for  Catalog  H-59. 

American  Dial  Thermometers — Ameri- 
can Dial  Thermometer  (mercury-filled)  has 
the  accuracy  of  the  standard  glass  tube 
thermometer  and  the 
reading  convenience  of  a 
dial  face.  Entire  working 
mechanism  is  made  of 
steel,  meaning  long  life. 
Six  sizes,  ranging  from 
4;H£  in.  to  12  in.  diameter 
dials.  Furnished  with 
rigid  connection  or  flexible 
capillary  tubing  up  to  200 
ft.  For  temperature 
ranges  from  minus  40  to 
plus  1000  F.  Write  for 
Catalog  G-59. 


American 
Precision 
Temperature 
Controllers — 

Self-operated. 
For  regulating 
temperatures 
from  20  to 
325  F.  For  hot 
water  service 
tanks,  water 
heaters,  etc. 
Size  of  valve 
must  be  speci- 
fied. Write  for 
R-59  Bulletin. 
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Rochester,  N.  YM  IL  S*  A* 

IN  CANADA — TAYLOR  INSTRUMENT  COMPANIKH  OK  CANADA,  Lin,,  1 
NEW  YORK         PHILADELPHIA         LOS  ANGELKS  ST.  LOUIS 

CHICAGO  PITTSBURGH  BALTIMORE  CINCINNATI 

BOSTON  CLEVELAND  SAN  FRANCISCO         TULSA 

Manufacturing  Distributors  in  Great  Britain^  Short  &  Mti,Mn,  Ltd,  /x»«i/*»rt 

Taylor  Instruments  for  Indicating,  Recording  and  (JontroIHi^ 
Temperature,   Pressure,   Humidity,   Flow  and   Liquid  Level 


DETROIT 
ATLANTA 
MINNEAPOLIS 


Taylor  Industrial 
Thermometers — with 
new  "BINOC"  Tubing 

— Includes  many  styles 

and  scale  ranges  with 
bulbs  for  every 
application. 
These  ther- 
mometers contain  a  new  and 
radical  development  of  tremen- 
dous importance  —  "BINOC" 
Tubing.  1  his  newly  designed  and 
optically  correct  glasw  tubing1 
assures  an  ease  of  reading  that 
has  been  generally  lacking  in 
industrial  t  h  e  r  m  o  m  e  t  e  r  a. 
"BINOC*  Tubing  more  than 
doubles  the  angle  of  vivsion  within 
\  1  ( \  readings  can  be  made, 
Because  of  the  pat- 
ented Triple-Ions  con- 
struction, its  broad 
mercury  column  can  be  read 
easily  and  accurately  with  both 
eyes.  Bore  reflection  is  absent. 


Taylor  "BINOG"  Pocket  Test 
Thermometer— -Ideal  for  frequent 
testing  of  important  temperatures. 
Taylor  patented  "BINOC"  Tubing 
eliminates  juggling  and  guesswork. 
High  accuracy — 3  Times  Easier  to 
Read. 


Taylor  Re- 
cording Ther- 
mometers— 

Temperature 
ranges  and  time 
requirements 
vary  greatly  in 
heating  and 
ventilating  work. 
Taylor  Record- 
ers are  made  in 
needed  scale 
ranges  and  time 
periods. 

These  efficient  instruments  are  par- 
ticularly adapted  for  heating  and  air  con- 
ditioning applications.  Universal  case  for 
face  or  flush  mounting. 


laulor 


Taylor  Electric  Con- 

tact    Temperature 
Control      Combine  in 

the  an  me  CUHC  an  elec- 
trically operated    tem- 
perature controller  with 
an  indicating  thermome- 
(ter.     One  tube  system 
operates  both  unitH. 

The  New  Taylor  "Fulscope"  Re- 
cording Controller  An  air-operated 
controller  that  given  practically  any 
character  of  procenH  control  rc'ganllcHH  of 
time,  la  %  in  apparatus 

Available  for  controlling  temperature, 
prcHHiirc,  hu- 
midity, rate  of 
flow,  liquid 
level,  Where 
extreme  load 
c  h  a  n  g  e  H  o  r 
badly  balanced 
operating  con- 
ditions exist , 
precision  con- 
t  r  o  1  c  a  n  b  e 
maintained  by 
the  automatic 
reset  feature. 

New  Taylor  Indicating  "Fulscope" 
Controller  -  -  For  control  applications 

where  a(  high- 
quality  air-oper- 
ated controller  is 

de»ired  for  senai- 
tive  regulation, 
but  a  record  is 
not  required. 
Available  for 
tempera l  ure, 
pressure,  flow 
and  liquid  level. 

Taylor  Type-P  Controller -A  compact 
and  very  sensitive 
air-operated    con- 
troller,  ideal  for  air-  < 
ducts,    air-washing 
machines,    cooling 
rooms  and  similar 
applications. 
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Heating  Systems 


Hot 


t®r  and 
fiml  Piping 


Heating,  Industrial  and  Power  Plant  Piping  Fittings,  Hangers, 
Valves,  Pipe  Bending,  Welding,  Piping  Supplies,  Etc, 

Executive  Offices:    Providence,  R.  L 


ALBANY,  N.  Y. 

ATLANTA,  CU,  (Plant  and  Foundry) 

Aunuiw,  11, 1,  (Plant  and  Foundry) 

BALTIMORE,  MD. 

BOSTON,  MABS. 

BUFFALO,  N.  Y. 

CiiAuiiOTTn,  N.  0.  (Branch) 

CHICAGO,  ILL.  (Bninoh) 

CINCINNATI,  Oino 


OfTices,  Plants  and  Branches 

OufiVMUNi).  Omo  (Branch) 
COLITMHIA,  rMNNA.  (Plant) 

COLUMIUIH,  OHIO 

DALLAH,  TKIXAH  (Brunch) 
DICTHOIT,  Mum, 

KANBABCiTY,  Mo. 

LONG  IHLAND  CITY,  N.  Y.  (Branch) 

MlbWAUKffiH,  WlB, 

MiNNiui'OLiH,  MINN.  (Branch) 

NlWARK,  N.  J. 


KKW  OUI,K\NH,  LA. 

NKW  YOUR,  N,  Y. 

Pini.AOKU'uiA,  I'KNNA,,  (Bnitit'h) 

PtWHiiwuw,  IV.NNA, 

I'ttOViDKNcw  K.  1.  (IMiinf  uuil  Foundry} 

UontKHtKH,  N.  Y, 

Sr.  Loi'iH,  Mo.  (Branch) 

Hr.  1 'A n.,  MINN,  ( Brunch ) 

WARHKN,  Ottio  (I'liuil  itiid  Ft»undry) 


Los  ANQBLIOB,  OAL.  (Branch) 
MONTREAL,  Qura.  (Branch) 


GRINNELL  COMPANY  OF  THE  PACIFIC 

OAKLAND,  UAL.  (Branch)      SAN  FRANCHBCO,  OAL,  (Bninclj)      HKAWLK,  WWH,  (Brunch) 
GRINNBLL  COMPANY  OF  CANADA*  LTD. 

VANCOUVER,  B,  C.  (Branch)       TORONTO,  ONT.  (Plnnt  and  Foundry)      WJNNIPKW,  MAN. 
OWIAWA,  ONT.  (Foundry) 


PRODUCTS  AND  SERVICES - 

Complete  Service  on  materials  to 
Specification  on  Power  Plant  Piping, 
Industrial  Piping,  and  Industrial 
Heating  Systems;  Prefabricated  Pip- 
ing including  Pipe  Cutting  and 
Threading,  Pipe  Bends,  Welded 
Headers,  Welded  and  Welding  Fit- 
tings, Lap  Joints  and  the  Grinnell 
line  of  products  for  Super  Power. 

Grinnell  Equiflo  Valves  for  forced 
hot  water  heating  systems;  Grinnell 
Adjustable  Pipe  Hangers  and  Sup- 
ports; Grinnell  Cast  Iron  and  Mal- 
leable Iron  Pipe  Fittings;  Grinnell 
Malleable  Iron  Unions;  Grinnell  Weld- 
ing Fittings;  Grinnell  Thermoliers 
(Unit  Heaters);  Grinnell  Thermofin 
(Convectors);  Thermoflex  Traps  and 
Heating  Specialties. 

Also  Humidifying  Systems;  Con- 
stant Level  Size  Circulating  Systems; 
Piping  for  acids  and  other  special 
materials. 

Malleable  Iron,  Brass,  Bronze  and 
other  Castings;  Brass,  Cast  Iron, 
Wrought  Iron  and  Steel  Pipe;  Seam- 
less Steel  Tubing  in  Iron  Pipe  Sizes. 

Valves:  Check,  Globe,  Pressure  Re- 
ducing and  Regulating,  Quick  Open- 
ing, Safety  and  Y. 

Automatic  Sprinkler  Systems;  Stand 
Pipes;  Underground  Supply  Mains; 
Hydrants;  Fire  Pumps;  Pressure  and 
Gravity  Tanks. 

Grinnell  "Junior"  Automatic 
Sprinkler  Systems  for  Basements  and 
other  hazardous  areas  of  Dwellings, 
Small  Apartment  Buildings,  Schools, 
Churches,  Stores,  etc. 


Grinnell  Equiflo  Valves 
For  Forced  Hot  Water  Heating 


The  detsi^nmg  of  forced  circulation  hot- 
water  healing  HynUmiH  Ls  HO  Himpliluxl  by 
the  Grinnell  lujuiflo  Valve  thai  they  can 
be  laid  out:  and  installed  an  easily  a.s  vapor 
or  steam  systems.  Thin  valve  consists  of  a 
regular  type  packleHH  radiator  valve  with 
a  cartridge  or  tube  made  up  of  a  series  of 
orifices  and  bailies  capable  of  netting  up 
any  required  frictiqnal  resistance.  This 
method  of  establishing  any  desired  resis- 
tance docs  away  with  elaborate  calcu- 
lation of  pipe  sixes.  Gnnncll  guarantees 
perfectly  balanced  circulation  to  each  and 
every  radiator  where  these  valves  are 
installed  throughout  the  system , 

Equiflo  Data  Book  sent  to  interested 


parties. 

For  Data  On  Thermoflex  Traps  and  Heating  Specialties,  see  page  W&4 
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Heating  Systems  •  ***** 


Triplex  Heating  Specialty  Co.,  Inc. 


242-268  Grant  St. 


Peru,  Indiana 


Direct  Drive 


HOT   WATER  SYSTEMS   AND   SPECIALTIES 


DIRECT  DRIVE  AQUALATOR 

A  most  powerful  Circulator.  The  deaiuu  of  t  he  pump  proper 
is  the  result  of  years  of  experiments,  ft  will  deliver  water 
against  an  11  ft  head-  -about  twice  aw  powerful  ;IB  direct 
driven  pumps.  The  trouble-free  coupler  combined  with  the 
unique  stuffing  box  assures  lasting  service.  The  Circulator  is 
lubricated,  protecting  the  bearing  anil  HlainlcHB  tneel  shaft. 
Every  motor  is  protected  with  an  automatic  overload  switch 
and  meets  all  states,  electrical  coden, 

SIZES  AND  CAPACITIES 


No. 

Size 

60Cyc.  110V 
Motor  Size 

Circulator 
R.  P.  M. 

Racl,  Cap. 
Sq  Ft 

22D 

3/4" 

1/8  H.  P, 

1750 

300 

23D 

1" 

1/8  H.  P. 

1750 

500 

24D 

P// 

1/6  H.  P, 

1750 

800 

25D 

W 

1/6  H.  P. 

1750 

1200 

26D 

2" 

1/6  H.  P. 

1750 

2000 

Storage 
Tank  Cup. 

Cab, 
Per  Min 

MM, 
Head 

Kwl  to 
Kn.I 

Ship. 
Wt, 

500  gal 

20 

HH" 

»w 

55 

1000  pi, 

25  ' 

IW 

H»y 

55 

150()K»1. 

"*5 

MM* 

HV4*   ' 

60 

2000  gal. 

50 

7w 

n»/4* 

60 

2000  gal. 

75 

IW 

«vr  ' 

*"  65  " 

Straight  Type 
Flow  Control  Valve 


THERMOLATORS 

Only  one  Flow  Control  Valve  m  required  in^  a 
properly  balanced  Flow  Control  System,  _For 
best  operation,  the  air  should  be  eliminated  from 
the  boiler  and  carried  directly  to  the  expansion 
tank.  The  Anti  Gurgle  Fitting  shown  in  the 
bottom  of  the  Flow  Control  Valve  positively 
accomplishes  this,  TRIPLEX  Flow  Control 
Valves  have  a  convenient  lever  handle  to  set  the 
valve  for  emergency  or  seasonal  operation.  The 
Anti  Gurgle  Fitting  is  not  inlcuded  with  the 
price  of  the  Thermolator. 


No. 

Size 

Width 

Height 

""47™" 

123 

1" 

4" 

124 

I'// 

5" 

W 

125 

w 

51/2" 

w 

126 

2" 

6" 

1>W 

127 

3" 

6V4" 

W 

Angle  Type 
Muut  (  'tmtrot  Valve 

Sq  Ft  HwJ, 

Ship.  Wt, 

"  500  ' 

~~  ""loo""  ~" 

"""""""1200""' 

2000  ""  '"" 

»,„  ™,       No,  127  iw  not 
9               an  ungle  type, 
,„„  -_       When    ordering 
1  1                Hpccify  ntraight 

„»    .  ...  .,„       <ir   angle   type. 

5000 

"  "  28  ' 

FLOW  CONTROL  SYSTEMS  COMPLETE 


SIZE  INCHES 

%"  P.  1"  FCV 

1"  P.  1"  FCV 

IW'PJ'/V'FCV 

I'X/P'WFCV 

2"  P.  2"  FCV 

y  p.  3"  FCV 

No.  of  System 

22-3-501 

23-3-502 

24-4-503 

25-5-503 

26.6-504 

27-7-5044 

Sq  Ft  Rad. 

300 

500 

800 

1200 

2000 

5000 
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Heating  Systems  «  g«^«*i«, 

u      "^  Con  vector  A 


AMERICAN 
PADIATOR 

CORPORATION 


IDEAL  OIL  BOILER 

No.  8 

A  highly  efficient, 
moderate  priced  Boiler 
for  small  homes,  Also 
supplied  as  complete 
boiler-burner  unit  with 
Arcoflame  Burner. 
R  at  ing's :  Si:  ea  m -  -390 

to  810  S(i  ft,  Water 

625    to    1,295  fsq    ft, 
installed  radiation. 


IDEAL  ARGOFIRE 
STOKER-BOILER 

Extra  efficient,  extra 
economical  -especially 
designed  for  automat  it; 
stoker  operation  only. 
Killings:  Steam— 900 
to  1,775  sq  ft,  Water 
1,4.40  to  2,840  sq  ft, 
installed  radiation. 


IDEAL  BOILER 
No.  92 

For  dependable,  eco- 
nomical automatic  oil 
or  stoker-fired  coal 
operation  in  large 
homes,  apartments  or 
stores,  etc.  Ratings: 
Steam— 1,450  to  2,000 
sq  ft,  Water— 2,320  to 
4,160  sq  ft,  installed 
radiation. 


"EMPIRE"    IDEAL 
GAS  BOILER 

Designed  by  experts 
to  burn  gas  efficiently, 
economically.  All  con- 
trols concealed.  Rat- 
ings: Steam — 161  to 
1,176  sq  ft,  Water— 
126  to  1,778  sq  ft, 
installed  radiation. 


No.  7  IDEAL  BOILER 

FOR  COAL  (stoker  or 

hand-fired),   OIL   OR 

GAS 

An  exceptionally  effi- 
cient, low-ooMt  Boiler,  for 
small  and  average  «ixe 
homes,  Ratings;  Steam 

220 1 o  820 sq  ft,  Water 

-    350  to  1310  8<i  ft,  in- 
stalled radiation. 


IDEAL  REDFLASH 
BOILERS  (All  Fuels) 
Economical  heat  for 
any  sixe  building.  Mul- 
tiple AshcHtocel  insula- 
tion. Five  Hi/eH.  Rat- 
ings; Steam  290  to 
9,900  «q  ft,  Water -405 
to  15,840(  B<I  ft,  in- 
stalled radiation. 


IDEAL   WATER 
TUBE    BOILERS 

(AH  Fuels) 

For  large  build- 
ings, Five  sixes,  23 
in.  to  79  in.  Rat- 
ings: Steam  •  400 
to  10,000  sq  ft, 
Water  -64-0  to  26,- 
600  scj  ft,  installed 
radiation, 

IDEAL  GAS 
BOILER 

Basically  the 
same  as  the 
"Empire"  Ideal 
Gas  Boiler  shown 
at  left,  but  without 
jacket.  Ratings: 
Steam-  408  to  11.- 
765  sq  ft,  Water- - 
126  to  17,778  sq  ft, 
installed  radiation. 
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Kewanee  Boiler  Corp. 


Heating  Systems  •  Boi/eri , 


PM    cijJS    >-      . 

>>  -H  cu  <L)  "Jri 

1 1 11 

a      fcd  5  ^  >-  ? 


I 
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Heating  Systems  •  Boners, 


Smith  Twin  Tubular  Boiler  Co.,  Inc. 

State  Road  and  Cottman  Street 

Philadelphia,  Pa. 
MANUFACTURERS  STEEL  HEATING  BOILERS 


Smith  Sectional  Steel  Boilers  have 
gained  favor  with  Architects  and  Engineers 
due  to  their  compact  construction  and 
adaptability  for  installing  in  boiler  rooms 
of  building  through  existing  doors  or 
openings.  Built  on  foundations  or  f.o.b. 
shop  for  coal,  stoker  or  oil  firing. 

Write  for  circular  for  Domestic  Boilers  especially  designed  for  Oil  or  Stoker  firing, 
SPECIFICATIONS- SMITH  SECTIONAL-STEEL  HEATING  BOILER 


All  the  outstanding  advantages  of  both 
the  water  tube  and  lire  tube  boilers  with- 
out complicated  baffle  construction. 

Faster  steaming  and  higher  efficiency 
obtained  by  rapid  water  circulation  clue  to 
water  tube  construction  that  comprises 
50  per  cent  of  the  boiler  heating  surface, 


Number  of  Boiler 

2-60 

2-72 

2-84 

2  96 

2-108 

3  84 

3-96 

3-108 

3-120 

4-  1084  -120  4-  132  4-  144 

5  1325-144 

5-156 

Steam  R.  (Oil-Stoker)  .  .  . 

4800 

5800 

6800 

_. 

8800  10000 

11400 

12800 

14200 

16000'  17800  19600  2  1400 

2480027100 

29300 

Heating  Surface  .  .   , 

285 

343 

401 

458 

525    589 

672 

753 

835 

944 

1  050   1  lr>4 

1262 

1462 

1593 

1724 

Water  Line  In.     . 

65 

65 

65 

65 

65      71 

71 

71 

71 

7B 

78      78 

78 

85 

85 

85 

Floor  to  Water  Tubes  In. 

42 

42 

42 

42 

42 

42 

42 

42 

42 

46 

46      46 

46 

50 

•50 

50 

Furnace  Vol  Cu  Ft  

51 

63 

75 

88 

100    i  93 

108 

124 

139 

161 

18]     201 

221 

253 

279 

304 

Length  of  Shell    Im  A 

60 

72 

84 

96 

108      84 

96 

108 

120 

108 

120     132 

144 

132 

144 

156 

Width  of  Shell      In.  B 

51 

51 

51 

51 

51 

61 

61 

61 

61 

71 

71 

71 

71 

81 

81 

81 

Height  Bottom  Sec.     C 
Height  Top  Sec.          D 

31 
28 

31 

28 

31 
28 

31 
28 

31 
28 

421/2 
26'/S 

261/5 

421/a 
261/2 

42I/; 

261/S 

4HI/2 
301/J 

48/jj  481/2 
3<$1  Ml/5 

481/2 
30VJ 

53/2 
341/S 

53/2 

m 

53/2 
34VS 

Length  Top  Sec.          E 

60 

72 

84 

96 

108 

84 

96 

108 

120 

108 

120  1132 

144 

132 

144 

156 

Length  of  Boiler     In.  F 

84 

96 

108 

120 

132 

110 

122 

134 

146 

136 

148     160 

172 

160 

172 

184 

Width  of  Boiler      In.  G 

56 

56 

56 

56 

56 

66 

66 

66 

66 

76 

76      76 

76 

86 

86 

86 

Height  of  Boiler     In.  H 

72'/2 

72  1/2 

72'/2 

78'/2 

841/2  84'A 

92 

92 

92 

Height  Top  Header      I 

84 

84 

84 

84 

84 

90 

90  2 

90 

90 

98 

98 

98 

107 

107 

107 

No.  &  Size  Outlets  In.  .  . 

1-8 

1-8 

1-8 

1-8 

1-8 

1-8 

1-8 

1-8 

1  8 

1  10 

1*10 

1-10 

1-10 

1-10 

1-10 

1-10 

No.  &  Size  of  Returns  In. 

1-4 

1-4 

1-4 

1-4 

1-4 

1-4 

1-4 

1-4 

1-4 

1-6 

1-6 

1-6 

1-6 

1-6 

16 

1-6 

Dia.  Smoke  Collar        J 

20 

20 

20 

20 

20 

24 

24 

24 

24 

30 

30 

30 

30 

36 

36 

36 

Height  Stack              Ft 

50 

55 

60 

65 

70 

65 

70 

75 

80 

75 

80 

85 

90 

85 

90 

95 

Length  of  Pit         In.  M 

50 

62 

74 

86 

98 

68 

80 

92 

104 

92 

104 

116 

128 

104 

128 

140 

Width  Foundation       N 

56 

56 

56 

56 

56 

66 

66 

66 

66 

76 

76 

76 

76 

86 

86 

86 

Length  Foundation      0 
Width  Ash  Pit           K 

62 
44 

74 
44 

86 
44 

98 
44 

110 
44 

86 

54 

98 

54 

110 
54 

122 
54 

110 
64 

122 
64 

134 
64 

146 
64 

134 
74 

146 
74 

158 
74 

Length  Ash  Pit            L 

50 

50 

56 

56 

62 

52 

58 

64 

64 

58 

64 

70 

70 

64 

64 

70 

Steam  R.  (Hand-Fired).. 
Grate  Size  In  

4000 
46x48 

4800 
46x48 

5600  6400 
46x54l4Av«u 

7200 
46x60 

8250 

56x54 

9400 
56x60 

10500 
56x66 

11700 
56x66 

13200 
66x6  C 

14700 

16200 
66x72 

17700 

AA-70 

20500 

22400 
76x66 

24000 
76x72 

Grate  Size  Sq  Ft  .  .  . 

15.3 

15.3 

17.3 

17.3 

19.1 

21.0 

23.3 

25,6 

25.6 

27.5 

30.0 

33.0   33.0 

34.8 

34.8 

37.3 

Standard  Ratings  conforming  with  the  Industries  "Simplified  Practice  Recommendations." 
Special  High-furnace  Boilers  furnished  for  Oil  Burners  or  Stokers. 
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Iron  Fireman  Manufacturing  Company 

Automatic  Coat  Burners 
Portland,  Oregon 

Factories:    PORTLAND,  ORK,;  CLKVKLANU,  Omu;  TOKHNW,  I'ANAUA 

Retail  Branches  or  Subsidiaries;  Cuu 'AUO,  lu,.;  Mn,WAt»Kici<,  Wis,;  Sr.  LOCLS,  Mo,; 
NKW  YORK,  N.  V,;  BROOKLYN,  N.  V.;  MONIMKAL,  CANADA 

Dealers  In  Principal  Cities  and  Towns  In  the  United  States  and  Canada 
Repreaentatlon  in  numoroun  foreign  countries 


IRON  FIREMAN  AUTOMATIC  COAL  STOKERS 
COMMERCIAL  HEATING  MODELS 

Hopper  Model 

The  Iron  Fireman  Commercial  Heating 
stokers  are  general-purpose  units,  with 
wide  application  in  schools,  hotela,  apart- 
ments, churches,  office  building's,  theaters 
and  similar  structures  requiring  a  central 
heating  plant  .  .  ,  and  in  manufacturing 
plants,  dairies  and  other  establishments 
requiring  heating  and  pruocflflinK  steam. 
The  Commercial  Heating  stoker  is  the 
original  type  of  Iron  Fireman  the  ma- 
chine which  made  coal  an  automatic  fuel, 

Commercial  Installation"— Hopper  Model 


Iron  Fireman  in  Operation  in  Horizontal 
Return  Tubular  Boiler 


Commercial  Installation -Coal  Flaw  model  that 

carries  coal  direct  from  bunker  fo  Jiy* 


MODEL 

OUTPUT  RANGE 

Boiler 
Horsepower 

Equivalent  Direct  Radiation 

Steam  (240  Btu) 

Hot  Water  (1  50  Btu) 

Standard  Hopper  ,      ,    ,             ,    ,    , 

2  to        6 
3  to      50 
3  to    500 
20  to    350 
30  to    400 
30  to    130 
50  to  1,000 

250  to       800 
400  to     7,000 
400  to   70,000 
2,500  to   50,000 
4,000  to   56,000 
4,000  to    18,000 
7,000  to  140,000 

400  to     1,300 
650  to    11,000 
650  to  11  0,000 
4,000  to   75,000 
6,000  to   90,000 
6,000  to   29,000 
11,  000  to  225.000 

Deluxe  Hopper  

Coal  Flow  (available  in  all  models)  

Commercial  and  Industrial  Standard  Underfeed 

Commercial  and  Industrial  Poweram  Underfeed  

Commercial  Anthracite  

Pneumatic  Spreader  

Space  Heaters  —  Capacities  from  30,000  to  100,000  Btu  per  hour. 

Combination  Stoker—  Winter  Air  Conditioning  Units  —  Capacities  from  60,000  to  210,000  Btu  per  hour. 


1022 


Heating  System® 


Armstrong  Machine  Works 

851  Maple  Street    Three  Rivers,  Mich. 


in  All 
Principal 

Cilios 


Armstrong  offers  two  types  of  traps  for 
heating,  air  conditioning,  and  steam  distri- 
bution service. 

Standard  Inverted  Bucket  Traps,  the 
type  originated  by  Armstrong,  are  non- 
airbinding  and  self-scrubbing  They  are 
used  for  low,  medium,  and  high  pressure 
service  where  relatively  little  air  must  be 
handled  along  with  the  condensate.  Their 
free-floating  lever  design  makes  it  possible 
to  open  very  large  discharge  orifices  com- 
pared with  the  size  of  the  trap  itself, 

Armstrong  Blast  Traps  are  used  where 
large  amounts  of  air  must  be  vented  quick- 


REGULAR 
AIRVENTx 


ly  when  steam  in  firnt  turned  on,  They 
have  several  ad  vantage  over  the  conven- 
tional float  and  ihertncwtatir  trap, 

1.  The  ArnwtnwK  Blunt  Trap  has  but  a 
single  orifice  to  be  maintained  ti«ht  against 
the  full  pressure  differential. 

2.  Positive  action.    The  discharge  valve 
in  an  Armstrong  Blant  Trap  IH  either  wide 
open  or  tight  shut.    Fa«t  opening  and  fast 
closing  prevent  wire-drawing. 

3*  Handles  dirt,  There  are  no  dead 
spots  in  an  Armstrong  Trap  in  which  dirt 
can  settle  and  interfere  with  the  operation 
of  the  trap, 


AUXILIARY 
/VENT 


Cross-section  of  No,  800  trap 
for  straight-through  pipe  con- 
nections. Part  No,  13  is  a 
new  steel  thimble  in  the  dis- 
charge passage  which  insures 
positive  positioning  of  gasket 
between  cap  and  body. 


FOR 

BLAST 
TRAP 

JOBS 


ALL  Armstrong  traps  are  readily  convertible  into  "Blast" 
type  traps  merely  by  using  buckets  equipped  with  the 
patented  auxiliary  thermic  air  vent.  As  shown  in  t  he  above 
sketches,  the  mechanism  for  this  vent  consists  of  a  stainless 
steel  disc  slotted  to  receive  the  end  of  a  bi-metnl  strip, 
Different  coefficients  of  expansion  in  the  bi-metal  cause  it 
to  bencl  down  when  cold  and  up  when  hot,  Normally,  it  is 
set  to  close  at  212  cleg,  but  it  can  be  set  to  close  at  higher 
temperatures.  Capacity,  50  to  100  limes  the  air-venting 
capacity  of  a  standard  trap, 

Traps  No,  800-SOI 


No.  800 


Cross-section  of  No.  801  trap 

for   standard   angle   pipe 

connections. 


No.  801 


Trap  Size 

No,  800 

V' 

$8,50 

Alor 
AlocttP 

PA" 

T 

No,  801 

w" 

$830 
Arrow 
Arrowetto 

V 

$ 

6w 

4fr 

450 
560 
640 
690 
500 
580 
660 
640 
680 

Lbt  Price  (Regular)  ,  , 

List  Price  (Blast  Trap) 
Telegraph  Code  (Rcgu 
Telegraph  Code  (Blast 

ar)  

Trap),,, 

B  

C  ,.....,, 

D  

E  

Number  of  Bolts 

6; 
4§, 

450 
560 
640 
690 
500 
580 
660 
640 
680 

Diameter  of  Bolts  .  .  ,  . 

Weight  

Maximum  Pressure,  lb 

Continuous  discharge 
capacity  in  lb  of  water 
per  hour  at  pressure 
indicated.    For  more 
complete  information 
»ee    the   Capacity 
Chart  in  Armstrong 
Steam  Trap  Book. 

(J 
1  20 

S    30 
*    50 
3    70 
100 
125 
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The  American  Brass  Company 

General  Offices:  Waterbury,  Conn* 

Miuiufacturlnti  Plants: 

ANSONIA,  CONN.  TOKKXNMON,  CONN,  \VAfKuitt -KV,  CUSN,  HUM*  AIM  N,  V, 
DKIKOIT,  Mitn.  KKNUSIIA,  Wis, 

OfficcH  and  A&end<»«  In  Principal  (JltU** 


ANACONDA 

from  mirm  to  consumer 


CANADIAN  PLANT:  ANACONDA  AMKKICAN  HWASS  I.tMinm,  New  Toronto,  Otiiuiio 


PRODUCTS-  Anaconda  Deoxidized  Copper  Tubes  and  Fittings;  Anaconda 

"85"  Red-Brass  Pipe;  Everdur  Metal  for  storage  heaters*  atorage 

tanks,  ducts  and  air  conditioning  equipment 


ANACONDA  COPPER  TUBES  AND 
FITTINGS 

For  Heating,  Plumbing  and 
Air  Conditioning 

Anaconda  Deoxidized  Copper  Water 
Tubes  assembled  with  Anaconda  Fittings 
offer  an  unusual  combination  of  advan- 
tages in  hot  water  heating  systems  at  a 
cost  only  slightly  higher  than  black  iron 
and  approximately  the  same  as  wrought 
iron  pipe,  These  advantages  may  briefly 
be  summarized  as  follows; 

Low  Friction  Loss—Because  the  inside 
surfaces  of  copper  tubes  are  inherently 
smoother  than  those  of  pipe  and  tubes 
made  of  ferrous  materials  and  also  because 
they  do  not  become  roughened  by  the 
formation  of  rust,  these  tubes  oner  a 
minimum  resistance  to  flow.  In  addition, 
the  long  radius  turns  of  Anaconda  Elbows 
and  the  smooth  inside  surface  of  Anaconda 
Wrought  Copper  Fittings  further  reduce 
friction  losses, 

These  factors  naturally  increase  the 
efficiency  of  the  system,  particularly  when 
it  includes  a  forced  pressure  circulator. 

Ease  of  Installation — In  many  places 
the  flexibility  of  copper  tubes  simplifies 
connections  that  ordinarily  would  be  awk- 
ward and  expensive  to  make  with  rigid 
pipe  and  threaded  fittings.  Anaconda 
Solder  Fittings  are  compact.  They  can 
be  installed  in  constricted  space  where  the 
use  of  a  wrench  would  be  impossible. 

Architects  and  builders  naturally  object 
to  large  holes  and  notches  cut  in  the 


framing  members  of  a  building  for  the 
passage  of  ijiping,  Anaconda  Copper 
fubcH  can  be  inwtafled  with  a  minimum  of 
cutting  in  the  struct  tire,  although  holes 
should  be  large  enough  to  permit  move- 
ment of  lubi'H  due  to  expansion  and 
contraction, 

Appearance  Anaconda  Deoxidized 
Copper  Water  Tubes  assembled  with 
Anaconda  Solder  Fittings  present  an  at- 
tractive appearance.  It  is  a  frequent 
practice  to  clean  the  tubes  after  they  are 
installed  and  apply  a  coat  of  clear  lacquer 
or  similar  substance.  This  keeps  the-  tubes 
bright  and  makes  an  installation  of  which 
both  plumber  and  owner  can  be  proud. 

Temper  and  Gauges  Anaconda  Cop- 
per Tubes  are  made  in  both  hard  and  soft 
temper  and  in  standard  wall  thicknesses. 

They  meet  the  requirements  for  these 
types  of  tubes  in  U,  S,  Government  Speci- 
fication WW-T-799  and  A.H.T.M.  Speci- 
fication B-88-39.  Type  K,  the  heaviest, 
is  recommended  for  heating  lines  and 
general  piping, 

Accuracy  of  Dimension*    Anaconda 

Deoxidized  Copper  Water  Tubes  are  all 
finishetl  to  the  close  tolerances  required  by 
the  A.S.T.M.  and  Federal  Specifications, 
which  have  been  found  essential  for 
efficient  assembly  with  solder  fittings, 

Permanent  Identification  For  per- 
manent identification,  the  name  ''Ana- 
conda" and  the  letter  designating  the  type 
of  tube  is  stamped  in  the  metal  at  intervals 
of  approximately  18  in.,  throughout  every 
coil  or  straight  length  of  tube. 
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Libbey-Owens-Ford  Glass  Company 

Toledo,  Ohio 

HEAT  ABSORPTION  AND  GLARE  REDUCTION  WITH  BLUE  RIDGE  AKLO 


What  AKLO  Glass  is 

Blue  Ridge  AKLO  IB  a  blue-green  1(W" 
expansion  figured  or  wire  ghwt*  that 
absorbs  most  of  the  BUH'H  heal,  admitH  an 
adequate  amount  of  daylight,  yet  sub- 
stantially reduces  glare  and  cyefttnun. 
For  example,  AKLO  figured  or  wire  glass 
^  inch  thick  absorbs  about  97  Hs  per  cent 
of  the  infra-red  (heat)  rays  of  sunlight. 


SINGLE   GLAZING 
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AKLO  Provides  Protection  Against 
Heat  Radiation  Prom  the  Sun  Its  use 

results  in  a  positive  reduction  in  shop  or 
room  temperatures  and  the  maintenance 
of  much  more  comfortable  temperatures  in 
the  areas  near  sun-exposecl  windows.  The 
amount;  of  solar  heat  entering1  a  building 
through  windows,  skylights  and  transoms 
is  reduced  as  much  as  48  per  cent;  by  the 
use  of  AKLO.  And  most  important  of  all 
AKLO  accomplishes  this  heat-absorption 
without  excessive  reduction  in  transluccncy 
—thus  providing  better  illumination  the 
year  around. 

AKLO  Glass  Results  in  Many  In- 
direct Savings — Many  indirect  savings, 
too,  result  from  the  use  of  AKLO.  For  be- 
sides reducing  glare  and  providing  cooler 
summer  temperatures,  AKLO  figured  or 
wire  glass  reduces  product  spoilage,  in- 
creases worker  safety,  decreases  errors, 


„!„,,„,  production  and  Hutintantially  im- 

proveH  worker  diicicncy,  I  THOI!  In  windows 
and  Hky-lightw  tiiHtead  of  ordinary  glaHH,  it 
i*  better  working  condition*  and  pro- 
numerouH  direct  HttNtngK  in  plant 
maintenance. 

AKLO  Reduce*  Alrconditipninft 

Costs-  BeciutK*  AKLO  reduce*  air  con- 
ditioning cofttw  it  in  particularly  vital  in  air 
conditioned  buildings, 
It  taken  only  about  UK) 
w|  ft  of  AKLO  in  a  hori- 
/ontal  «ky-light  and 
trout  2(KI  to  42lks  «q  ft  in 
a  wenterly  window  to  re- 
duce the  "ileiiign11  cool- 
ing load  by  i  he  equiva- 
lent of  one  ton  of  refrig- 
eration <IH  compared  to 
ordinary  gUtw,  This 
amount'  of  AKLO  com- 
pletely intftaUcd  coHta 
conrwlwubly  lc*w»  than  a 
ton  of  extra  capacity 
and  cooling  equipment. 
And  thereafter  the  cost 
of  operating  the  equip- 
ment in  ttlttn  reduced, 
AKLO  gin**  nhould  be 
<  Bi>ecifM!d  in  combination 
with  all  airconditioning  inHtallutionn.  It 
reduceB  cooling  load  and  operating  co«tH. 

Wherever  glare  in  a  problem,  in  efficiency 
or  worker  safety,  AKLO  Frcmted  (Glare 
Reducing)  Gla»»  «hould  he  mill  ailed.  In 
phmta  where  there  ID  con«itk*rablc  reflec- 
tion fnmi  moving  parts  of  machinery,  the 
safety  factor  alone,  make*  the  installation 
of  Frosted  AKLO  well  worth  while. 

Despite  the  tremendous  amount  of  heat 
that  ie  absorbed,  and  its  relatively  low  co- 
efficient of  expansion,  AKLC)  resists 
thermal  shock  with  amazing  HUCCCBH, 

SEND  FOR  FULL  INFORMATION 

For  more  detailed  technical  information 
about  AKLO  GlaHB,  it»  properties  and 
installation,  send  for  our  12  page  illustrated 

AKLO  booklet-  -or  refer  to  the  engineering 
edition  of  Sweet's  Catalog, 
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THE  RELOTEX 

919  N.  Michigan  Ave.,  Chicago,  Illinois 


INSULATING  CANE  BOARD 

MM   U<  R.  I»AT,  OFF 


WORLD'S  LARGEST  MANUFACTURER  OF  STRUCTURAL  INSULATION 


Celotex  Cane  Fibre  Insulation  prod- 
ucts are  made  by  felting  the  long,  touah 
fibres  of  bagasse  into  strong,  rigid  boards, 
They  are  manufactured  under  the  Ferox 
Process  (patented)  which  effectively  pro- 
tects them  from  destruction  by  termites, 
fungus  growth,  and  dry  rot,  They  are 
integrally  water-proofed  which  insures  a 
non-hygroscopic  insulation  of  low  capillar- 
ity ancl  enduring  insulating  efficiency, 
They  insulate;  strengthen  construction; 
prevent  conditions  which  hasten  deteriora- 
tion of  frame  work. 

Celotex  Vapor- Seal  Sheathing 

An  insulating,  weal  her- resist  ing  alien  th- 
ing for  use  under  any  type  of  exterior. 
Surfaces  and  edges  are  moisture-proofed 
with  a  surface  impregnation  of  special 
asphalt.  The  side  placed  next;  to  the  studs 
is  additionally  coated  with  aluminum  paint, 

Sixes:  arv.Jo  in.  thick:  4  ft  wide;  7  ft, 
8  ft,  8M  ft/1)  ft,  10  ft  and  12  ft  long, 

Center  Matched- -Available  in  the 
same  thickness,  in  2  ft  x  8  ft  T  &  G  units 
for  horizontal  application. 

Celotex  Roof  Insulation 

A  cane  fibre  product  possessing  superior 
insulating  properties.  It  prevents  con- 
densation; reduces  roof  heat  transmission 
as  shown  by  coefficient  established  in 
THE  GUIDE;  reduces  roof  movement  due 
to  contraction  and  expansion. 

Size:  22  in,  x  47  in,;  thicknesses: 
1  in.,  1%  in«»  2  in.  and  3  in, 

Celotex  Vapor-seal  Roof 
Insulation 

An  improved,  rigid-type  moisture  resist- 
ant cane  fibre  board  roof  insulation  pos- 
sessing the  low  conductivity  factor  of  0.80. 
Coated  on  all  edges  and  surfaces  with 
water  proof  asphalt.  Made  with  a  half- 
inch  offset  on  all  bottom  edges,  to  form 
a  network  of  channels  next  to  the  deck, 
providing  a  means  of  equalizing  air  pres- 
sure to  reduce  roof  blisters  and  buckling. 

Size:  22  in.  x  47  in.;  thicknesses: 
1  in.,  1%  in.  and  2  in. 


Celotex  Vapor-seal  Lath 

An  efficient  insulating  plaster  base  that 
alec  prevents  the  penetration  of  harmful 
moisture  to  the  apace  between  inner  ami 
outer  walls*  Inner  surface  provides  a 
strong  mechanical  bond  for  planter;  the 
grooved  joints  provide  additional  rein- 
forcement where  it  is  needed  to  prevent 
cracking.  Eliminates  lath  marks. t 

Thickneaflea  recommended:  H  m.  for 
walls  (when  used  with  Vapor-wal  SheaUi- 
ing);  1  in.  for  top  floor  rcilingH.  Si/e 
18  in.  x  48  in. 

Celotex  Insulating  Lath 

An  inHulnting  planter  bane  jor  partition 
walls.  Not  aHphalt  coaled,  Si/t»:  18  in,  x 
48  in.;  thicknesses*  Jii  in.,  ?4  in.  and  1  in. 

Celotex  Rock  Wool  Products 

Available  in  the  following  forniH  Loose, 
Granulated,  Pads,  Plain  Batta,  Paper- 
backed BattH,  and  Blankets  Celotex 
Rock  Wool  is  made  from  the  dean  fibre**  of 
molten  rock.  It  ia  incombuatihle  and 
integrally  waterproofed,  The  Paper- 
backed products  arc  provided  with  a 
vapor-rcHiHting  membrane  which  prevents 
the  penetration  of  moiature, 

0-T  Duct  Liner 

An  acoustical  material  designed t  espe- 
cially for  duct  lining  in  air  conditioning 
systems,  Absorbs  duct  noises,  Made  of 
rock  wool  and  a  special  binder.  Designed 
to  withstand  air  duct:  humidity  conditions, 
la  fire  resistant  and  will  not  smoulder  or 
support  combustion,  Thermal  conduct- 
ivity of  0.30.  Eliminate*  necessity  for 
outside  duct  insulation. 

Thermax  Structural  Insulation 

A  fire-resistant  structural  insuhiting 
slab  made  of  wood  fibre  and  a  mineral 
binder.  It  possesses  structural  strength, 
heat  and  sound  insulating  properties, 
Used  for  partitions  (plaster  base)  roof 
decks  and  ceiling  construction.  Used  as  a 
form  liner,  it  can  be  left  in  place  for 
plaster  base,  eliminating  need  for  furring, 
or  it  may  be  left  exposed. 
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Johns-Man  ville 


Executive  offices:  22  East  40th  Street,  New  York,  M  Y, 

Offices  In  All  Lmrgt  Otiwi 


Johns-Manville  Home  Insulation 


Johnn- Manvillu  Rock  Wool  Home*  In- 
sulation is  a  light,  fluffy  mineral  wool, 
highly  efficient  in  heat '-proofing  practically 
any  building,  old  or  new,  It  IN  durable, 
rot-proof,  fire-proof  and  odorless,  and  will 
not  corrode  or  settle.  Full  »tud  thickness 
of  this  material  will  cut  fuel  c.o»ta  up  to 
30  per  cent  in  winter  and  help  keep  rooms 
up  to  15  deg  cooler  in  hottest  weather. 
J-M  Rock  Wool  Home  Insulation  i»  fur- 
nished in  two  forms;  for  new  construction, 


Applying  J-M  Super-Felt  Type  B  baits  in  new  home 

in  easily  handled  halts;  for  existing  build- 
ings, in  nodulated  form  to  be  installed 
pneumatically, 

For  New  Construction 
J-M  Super-Felt  Batts  Types  B  and  C 

Super-Felt  Type  B  Home  Insulation  is 
furnished  in  pre-fabricalcd  hatls  of  uni- 
form thickness  and  density,  in  both  full 
stud  thickness  and  semi-thick,  in  sixes 
15  x  23  in.  ancl  15  x  48  in.,  designed  to  fill 


completely  tin*  space  brlwcrn  ntudH,  joist » 
and  rafter*  on  the  usual  10  in,  centers, 
The  Bturdy  felted  "  wool'*  i«  strong  enough 
to  be  handled  rapidly  without  damage. 
The  bafts  are  hacked  with  waterproof, 
vapor-resist  ant  (  paper,  extending  mi  both 
the  long  widen  in  ljn  in,  wide  flungCM,  by 
which  the  hatt(  in  fastened  in  place  and 
which  also  aid  in  Healing  the*  joints.  This 
backing  protect H  against  penetration  of 
moisture,  from  wet  plaster  and  also  resists 
infiltration  of  moist  uro  vapor  from  the 
house,  into  the  wall 

AH  a  further  protect  ton  a^aiiiNt  moisture, 
the  felt  itjuslf  in  also  waterproofed. 

Type  C  Super-Kelt  Home  IiiHulation  is 
an  improved  form  of  loose  wool,  in  pieces 
8  x  15  iti,,  without  paper  backing*  which 
readily  Huffs  to  full  wall  thtekne,HH  when 
inst  ailed. 

Type  ('  Supcr-I'Vlt  can  Iw  rea<lily  in- 
stalled in  irregular  HpaceH  wince  it  <*an  be 
easily  cut  or  torn  with  the  handu, 

For  Exiatln^  Homes  and  Buildings 
Type  A  "Blown"  Rock  Wool 

Type  A  Rock  Wool  in  blown  pneu- 
matically into  the  Hpaces  between  Htuda  in 
outer  walls  and  between  raftern  or  joints  in 
roofs  cjr  attic  Iloorn.  Inmilation  tdickncHB 
m  walls  correspond**  to  Htud  depth,  ap- 
proximately ;*flM  in,;  thc»<lenmty,  approxi- 
mately 5  to  H  Ib  per  cti  ft, a«Hurew maximum 
thermaj  efliciency,  ThiH  type  of  innu- 
lation  in  installed  only  by  Approved  J-M 
Home  hiflulalion  C'ontractorit,  who  are 
ecjuippcd  with  the  neceHHary  apparatus 
and  trained  erew«, 

Write  for  Details 

Complete  information  on  all  types  of 
J-M  Hock  Wool  Home  Insulation  will  be 
furnished  on  request, 


J-M  Airacoustic  Sheets  for  lining  Air-Conditioning  Ducts 


J-M  Airacoustic  Sheets,  for  cluct  linings 
of  air  conditioning  systems,  are  flame- 
proof, highly  sound  -  absorbent  and  mois- 


ture-resistant, with  a  surface  which  will 
not  materially  increase  friction  losses  in 
the  duct  system.Write  for  Bulletin  AC-23A. 
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Insulation 

United  States  Gypsum  Company 

General  Offices:    300  W.  Adams  Street,  Chicago,  11L 

INSULATION  PRODUCTS 

Blanket  Decorative  Structural 

Reflective  Vapor  Barriers 


BLANKET 

Red  Top  Insulating  Blankets-  --Mineral  wool  fibers  of  great  st  rengt  h  and  uniformity, 
clean  and  free  from  non-Insulating  material  are  felted  iimj  light-weight  blankets  and 
securely  fixed  to  an  efficient  asphalt-type  vapor  barrier,  The  vajwr  barrier  forms  the 
warm  side  of  a  complete  paper  enclosure,  providing  proper  remittance  to  the  passage  of 
vapor,  while  a  tough,  perforated,  vapor  permeable  paper  on  the  cold  side  prevents  the 
accumulation  of  any  moisture  within  the  blanket, 

Red  Top  Insulating  blankets  are  HO  constructed  that 
the  insulating  material  is  uniform  in  thickness  through- 
out the  length  of  each  roll.  They  arc*  an  (t  hick  at  the 
edges  as  in  the  center,  Flanges  at  cither  mde  create  an 
air  space  immediately  back  of  the  lath  and  planter  and 
effectively  seal  the  joint  agaitmt  vapor  leakage.  Made 
in  three  thicknesses:  One  inch,  medium  and  thick, 
in  rolls  of  $0,  75  and  150  square  feet  (net  area),  re- 
spectively, Also  available  in  butn  tt  feet  long  in  the 
same  thicknesses, 


Red  Top  Insulating.  Blanket 


Red  Top  Junior  Bats  11  x  14  In.—  Composed  of  the  same  fiber*,  4  in,  thick,  to  fit 

standard  stud  and  joist  spaces  reduce  costs  for  buildings  which  do  not  require  vapor 
protection.  Their  springy'*  fibers  help  hold  the  bata  securely  in  position. 

DECORATIVE  INSULATION  PRODUCTS 

Weatherwood  Building  Board—  An  insulating  wullboard  4  ft  wide  which  fits  across 

three  standard  stud  or  joist  spaces,  made  in  full  foot  lengths  front  4  ft  to  12  ft,  inclusive, 
y&  in.  and  1  in.  thick  in  a  "skin"  finish  in  Ivory  and  a  textured  finish  in  either  Ivory 
or  Tan  shades.  Nailed  directly  to  studs  and  joists  this  pleasing  wall  finish  effectively 
insulates  and  decorates. 

Weatherwood  Plank    These  half-inch   "planks" 

of  inaulative  wood  fiber  are  manufactured  in  widths  of 
6,  8,  10,  12  and  10  inches,  and  in  lengths  8,  9,  10  and 
12  feet,  They  take  advantage  of  the  ingenious  "Ogee" 
edge  on  their  long  edges  (see  cut)  which  conceals  the 
nails  and  fully  accommodates  any  necessity  for  move- 
ment in  the  board  because  of  expansion  or  contraction 
without  producing  a  crack  through  which  air  may  leak 
to  discolor  the  surface  and  reduce  the  insulation  value 
of  t the  material.  When  applied  horixontally,  they  are 
blind  nailed  to  the  studding,  and  to  cross  furring  when 
used  vertically. 

All  sizes  are  shipped  in  a  blend  of  gray  and  tan  shades,  in  bundles  of  one  si/e.  When 
combined  in  the  variations  in  shade  and  width,  Weatherwood  Plank  produce  maximum 
values  m  both  insulation  and  decoration. 


Decorative 
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Domestic  Engineering 

i 

Published  by 

DOMESTIC  ENGINEERING  PUBLICATIONS 


1900  Prairie  Avenue 


Chicago,  Illinois 


IN  the  field  of  heating, 
plumbing  and  air  con- 
ditioning, one  publica- 
tion has  consistently 
demo  n  s  t  r  a  t  e  d  its 
leadership  t  hroughout 
its  long  years  of  service 
.  .  .  one  publication  has 
consistently  stood  out. 

Established  in  3889, 
Domestic  Engineering 
has  devoted  the  inter- 
vening years  to  faith- 
fully, untiringly  serving 
its  industry  ...  to 
providing  the  type  of 
technical  and  merchan- 
dising information  that 
is  accurate,  authorita- 
tive and  best  suited  to 
the  needs  of  the  men  in  this  industry  .  ,  . 
to  keeping  them  constantly  abreast  of 
changing  times,  changing  conditions, 
changing  trends. 

For  fifty-two  years  Domestic  Engineering 
has  been  a  leader  in  every  major  movement 
in  its  field.  Editorially  it  has  sponsored 
many  programs  which  have  been  of 
material  benefit  to  the  industry  as  a  whole. 

As  just  one  example  of  its  leadership, 
Domestic  Engineering  forecast,  long  before 
the  industry  had  become  aware  of  it,  the 
vital  part  heating,  plumbing  and  air  con- 
ditioning would  play  in  National  Defense, 
In  a  continuing  program,  Domestic  Engi- 
neering has  made  the  industry  fully  con- 


scions  of  the  tremen- 
dous rcHjionsihilit ies 
which  National  De- 
fense,  with  its  great  era 
of  industrial,  com- 
mercial and  housing 
expansion,  has  brought, 
to  it, 

Kacli( month  Domes* 
He  ttnuinferiHK  is  read 
by  the  men  \\lio  buy, 
sell,  specify  and  install 
the  heating,  plumbing 
and  air  conditioning 
equipment  on(  these 
and  similar  projects, 

Kacht  month  Domes- 
tic Engineering  reaches 
the  top-notch  group  of 
contractor-dealers  who 
are  responsible  for  the  major  portion  of 
sales  made  in  the  healing  plumbing  and 
air  conditioning1  field. 

Each  month  these  men  look  to  /hmtalic 
Engineering  as  their  authority  on  matters 
pertaining  to  their  business  ,  ,  ,  as  their 
source  of  dependable,  helpful  editorial  co- 
operation and  assistance. 

Those  men  have  utmoHt:  confidence  in 
Domestic  Engineering  and  this  confidence 
is  carried  over  in  fullest  measure  to  the 
advertising  pa^es.  That's  why,  through 
Domestic  Engineering,  nmnufaet  urers  of 
heating,  plumbing  and  air  conditioning 
equipment^  are  afforded  their  most  ideal, 
most  effective  means  for  reaching  these  men. 


For  complete  data   concerning  Domestic  Engineering,   the  field   it   serves, 

advertising  rates,  circulation,  etc.,  write  to  Advertising  Department, 

1900  Prairie  Avenue,  Chicago,  Illinois. 
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HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


CONTROLLERS  AND  CON- 
TROL EQUIPMENT  (See  also 
Humidity  and  Temperature  Con- 
trol) 

American  Moistening  Co.,  878 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Barber-Colman  Co,,  921,  940 
Barber  Gas  Burner  Co.,  1014 
Bristol  Company,  The,  941 
Detroit  Lubricator  Co.,  942-943 
C.  A.  Dunham  Co.,  970-971 
Julien  P.  Friez  &  Sons,  Div.   of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
General  Electric  Company,  916-917 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Illinois  Testing  Laboratories,  Inc., 

950 

Johnson  Service  Co.,  948-949 
Kieley  &  Mueller,  Inc.,  1035 
Leeds  &  Northrup  Co.,  951 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Parks- Cramer   Company,   822-823 
Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Sirnplex  Controls  Div.,  The  Her- 

busch  Corp.,  960 
Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 

Warren  Webster  &  Co.,  984-987 
Webster  Engineering  Co.,  1015 
Westinghouse  Elec.  &  Mfg.  Co., 

826-827,  876 

White-Rodgers  Elec.  Co.,  965 
Young  Radiator  Co.,  860 

CONVECTION  HEATERS 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Inc.,  972-974,  1034 
Kramer  Trenton  Co.,  847 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co.,  850-851 
John  J.  Nesbitt,  Inc.,  854 
Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
United    States    Air    Conditioning 

Corp.,  828 
United  States  Radiator  Corp.,  1010- 

1011 

Warren  Webster  &  Co.,  984-987 
Weil-McCain  Company,  1013 
Young  Radiator  Co.,  860 

COOLING  EQUIPMENT,  Air 

Aerofin  Corporation,  883-885 
Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

American  Blower  Corp.,  818-819 
Autovent  Fan  &  Blower  Co.,  899 
Baker  Ice  Machine  Co.,  Inc.,  888 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
Carbondale  Division  Worthington 

Pump  &  Machinery  Corp.,  896- 

897 

Carrier  Corporation,  820 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
Curtis  Refrigerating  Machine  Co., 

Div.    of    Curtis    Manufacturing 

Co.,  980 


DeBothezat    Division,    American 
Machine  &  Metals,  Inc.,  905 

C.  A.  Dunham  Co.,  970-971 
Fedders  Manufacturing  Co.,  842- 

843 

Fitzgibbons  Boiler  Co.,  1000-1001 
Frick  Company,  Inc.,  801 
G  &  O  Manufacturing  Co.,  880 
General  Electric  Company,  010-917 
General  Refrigeration  Corp.,  892 
Ilg  Electric  Ventilating  Co.,  906 
F.  Jaden  Manufacturing  Co.,  846 
Lau  Blower  Co.,  907 
Kramer  Trenton  Co.,  847 
Mario  Coil  Company,  893 
McQuay,  Incorporated,  848-849 
Meyer  Furnace  Co.,  840 
Modine  Mfg.  Co.,  850-851 

D.  J.  Murray  Mfg.  Co.,  Unit  Heater 
and  Cooler  Div.,  852 

J.  J.  Nesbitt,  Inc.,  854 
Herman  Nelson  Corp.,  863 
Refrigeration  Economics  Co.,  823 
Servel,  Inc.,  894 
B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 

Utility  Fan  Corporation,  914 
Vilter  Manufacturing  Co.,  898 
Westinghouse  Elec.  &  Mfg.  Co., 

826-827,  876 
Williams    Oil-0-Matic    Heating 

Corporation,  836 
L.  J.  Wing  Mfg.  Co.,  855-867 
York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  860 

COOLING  EQUIPMENT,  Oil 

Aerofin  Corporation,  883-885 
Carbondale    Div.,    Worthington 

Pump  &  Machinery  Co.,  896-897 
Frick  Company,  891 
G  &  0  Manufacturing  Co..  886 
Modine  Manufacturing  Co.,  850- 

851 

Servel,  Inc.,  894 
Universal  Cooler  Corp.,  895 
York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  860 

COOLING    EQUIPMENT,    Oil, 
Gleaning  Materials  for 

Oakite  Products,  Inc.,  877 

COOLING  EQUIPMENT,  Water 

(See  also  Water  Cooling) 
Acme  Industries,  Inc.,  887 
Aerofin  Corporation,  883-885 
Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

American  Blower  Corp.,  818-819 
April  Showers  Company,  879 
Baker  Ice  Machine  Co.,  888 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
Carbondale    Div.,    Worthington 

Pump  &  Machinery  Corp.,  896- 

897 

Carrier  Corporation,  820 
Fedders  Manufacturing  Co.,  842- 

843 

Frick  Company,  Inc.,  891 
General  Refrigeration  Corp.,  892 
F.  Jaden  Manufacturing  Co.,  846 
Marley  Co.,  The,  881 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co.,  850-  851 
J.  J.  Nesbitt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 
B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
Universal  Cooler  Corp.,  895 


Vilter  Manufacturing  Co.,  898 
Westinghouee  Elec.  &  Mfg.  Co, 

826-827,  876 

YarnaU-Warlnjf  Co.,  1038 
York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  800 

COOLING  TOWERS,  Atmos- 
pheric, Mechanical  Draft, 
Forced  Draft,  Induced  Draft 

(See    also    Cooling    Equipment, 

water} 

American  Blower  Corp.,  818-819 
Baker  Ice  Machine  Co.,  888 
Binke  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
Marley  Company,  881 
Mario  Coil  Company,  893 
McQuay,  Incorporated,  848-849 
York  Ice  Machinery  Corp.,  829 

COOLING  TOWER  FANS 

American  Blower  Corp.,  818-819 
Baker  Ice  Machine  Co.,  888 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
DcBothezat  Div,,  American  Ma- 
chine &  Metals,  Inc.,  005 
Marley  Company,  881 
Mario  Coll  Company,  893 
McQuay,  Incorporated,  848-849 
York  Ice  Machinery  Corp.,  829 

CORROSION,  Treatment  of 

OakZte  Products,  Inc.,  877 
Vinco  Company,  Inc.,  088-989 

COVERING,  Pipe 

Armstrong  Cork  Company,  1060 
Baker  Ice  Machine  Co.,  888 
Carey,  Philip,  Co,,  1061 
Eagle-PJcher  Lead  Co.,  1063 
Ehret  Magnesia  Mfg.  Co.,  1064- 

1065 

Grinnell  Co.,  Inc.,  972-974, 1034 
General  Insulating  &  Mfg.  Co.,  1066 
Insulation  Industries,  Inc.,  1067 
Johns-Manvllle,  1072-1073 
Mundet  Cork  Corp.,  1076 
Owens-Corning    Fiberglas    Corp., 

870-871 

Pacific  Lumber  Co,,  1077 
H.  W.  Porter  &  Co.,  1056 
Ric-wiL  Company,  The,  1067 
Ruberoid  Company,  The,  1078-1079 
Standard  Lime  &  Stone  Co.,  1081 
United  States  Gypsum  Co.,  1082- 

1083 

COVERING,  Surfaces 

Armstrong  Cork  Co..  1060 
Baker  Ice  Machine  Co,.  888 
Carey,  Philip,  Co.,  1061 
Eagle-Picher  Lead  Co,,  1063 
Ehret  Magnesia  Mfg.   Co.,   1064- 

1065 

General  Insulating  &  Mfg.  Co.,  1066 
Insulation  Industries,  Inc.,  1067 
International    Fibre    Board,    Ltd., 

1071 

Johns-Manville,  1072-1073 
Mundet  Cork  Corp.,  1076 
Owens-Corning  Fiberglas  Corp., 

870-871 

Pacific  Lumber  Co.,  1077 
Reynolds  Metals  Co.,  Inc.,  1080 
Ruberoid  Co.,  The,  1078-1079 
Standard  Lime  &  Stone  Co.,  1081 
United  States  Gypsum  Co.,  1082- 

1083 
York  Ice  Machinery  Corp.,  829 
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PLATES,  Steel 

American  Rolling  Mill  Co.,  033 
Bethlehem  Steel  Co.,  934 
Carnegie-Illinois  Steel  Corp,,  935 
Columbia  Steel  Co.,  935 
Tennessee  Coal  &   Iron  Railroad 

Co.,  935 
United  States  Steel  Export  Co.,  935 

POWDER  AND  PASTE,  Alumi- 
num 

Reynolds  Metals  Co.,  Inc.,  1080 

PRECIPITATING  EQUIPMENT 

Westinghouac  Elec.  &  Mfg.  Co.,  870 

PRESSURE  REDUCING 
VALVES  (See  Regulators,  Pres- 
sure) 

PROPELLER  FANS  (See  Fans, 
Propeller) 

PSYCHROMETERS  (See  also  Air 
Measuring,    Indicating   and   Re- 
cording Instruments) 
American  Moistening  Co.,  878 
Bristol  Company,  The,  941 
Julien  P.   Friez  £  Sons,   Div.  of 

Bcndix  Aviation  Corp.,  046 
Grinnell  Co,,  Inc.,  972-074,  1034 
Johnson  Service  Co.,  948-949 
Leeds  &  Northrup  Co,,  951 
Palmer  Company,  The,  056 
Parks-Cramer  Company,  822 
Taylor  Instrument  Companies,  962- 
063 

PUBLICATIONS 

Air  Conditioning— Oil  Heat,  1080 

American  Artisan,  1088 

American  Society  of  Refrigerating 
Enginecra,  1087 

Beacon  Boiler  Reference  Book,  1086 

Coal-Heat,  1090 

Domestic  Engineering,  1092-J093 

Fuel  oil  Journal,  1091 

Heating  &  Ventilating,  1094 

Heating,  Piping  and  Air  Condi- 
tioning, 1089 

Plumbing  and  Heating  Trade 
Journal,  1095 

Sheet  Metal  Worker,  1096 

PULLEYS,  Chain  (See  also  Chain) 
Hart  &  Cooley  Mfg.  Co,.  922-923 
United  States  Register  Co.,  930 

PULLEYS,  Speed  Types 

Lau  Blower  Co.,  907 
Westinghouse  Elec.   &  Mfg.   Co., 
820-827,  876 

PUMPS,  Air  and  Gas 

Curtis  Refrigerating  Machine  Co., 

Div.  of  Curtis  Mfg,  Co.,  890 
Nash  Engineering  Co.,  1026-1027 

PUMPS,  Ammonia 

Buffalo  Pumps,  Inc.,  1025 
Chicago  Pump  Co.,  1028 
Krick  Company,  Inc.,  891 
Worthington  Pump  &  Machinery 

Corp.,  890-897 
York  Ice  Machinery  Corp.,  829 

PUMPS,  Boiler  Feed 

Buffalo  Pumps,  Inc.,  1025 

Chicago  Pump  Co..  1028 

Nash  Engineering  Co.,  1020-1027 


Trane  Company,  The,  858-859 
Westinghouse  Elec.   &  Mfg,    Co., 

826-827,  87(5 
Worthington  Pump  &  Machinery 

Corp.,  896-897 

PUMPS,  Brine 

American  Coolair  Corp.,  900-901 
Baker  Ice  Machine  Co.,  888 
Buffalo  Pumps,  Inc.,  1025 
Chicago  Pump  Co.,  1028 
Frick  Company,  891 
Nash  Engineering  Co.,  1026-1027 
Trane  Company,  The,  858-859 
Worthington  Pump  &  Machinery 
Corp.,  896-897 

PUMPS,  Centrifugal 

Bell  and  Gossett  Co,,  969 
Buffalo  Pumps,  Inc.,  1025 
Chicago  Pump  Co.,  1028 
C.  A.  Dunham  Co.,  970-971 
Frick  Company,  891 
Nash  Engineering  Co.,  1026-1027 
Trane  Company,  The,  858-859 
Utility  Fan  Corporation,  914 
Worthington  Pump  &  Machinery 
Corp.,  896-897 

PUMPS,  Circulating 

Bell  and  Gosaett  Co.,  969 
Buffalo  Pumps,  Inc.,  1025 
Chicago  Pump  Co.,  1028 
Crane  Company,  998-999 
Hoffman  Specialty  Co.,  976-977 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Nash  Engineering  Co.,  1026-1027 
Trane  Company,  The,  858-859 
Triplex  Heating  Specialty  Co.,  982- 

983 

PUMPS,  Condensation 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Buffalo  Pumps,  Inc.,  1025 
Chicago  Pump  Co.,  1028 
Crane  Company,  998-999 
C.  A.  Dunham  Company,  970-971 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Nash  Engineering  Co.,  1026-1027 
Trane  Company,  The,  858-859 
Worthington  Pump  &  Machinery 

Co.,  896-897 

PUMP    MOTORS    (See    Motors, 
Electric) 

PUMPS,  Steam 

Buffalo  Pumps,  Inc.,  1025 
Trane  Company,  The,  858-869 
Worthington  Pump  &  Machinery 
Corp.,  896-897 

PUMPS,  Sump 

Buffalo  Pumps,  Inc.,  1025 
Chicago  Pump  Co,,  1028 
Nash  Engineering  Co.,  1026-1027 
Triplex  Heating  Specialty  Co.,  982- 
983 

PUMPS,  Turbine  . 

C,  A.  Dunham  Co.,  970-971 
Hoffman  Specialty  Co.,  Inc.,  076- 

977 

Nash  Engineering  Co.,  1026-1027 
Worthington  Pump  &  Machinery 

Co.,  896-897 


PUMPS,  Vacuum 

Chicago  Pump  Co.,  1028 
Curtis  Refrigerating  Machine  Co., 
Div.  of  Curtis  Mfg.  Co.,  890 

C.  A.  Dunham  Co.,  970-971 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 
Nash  Engineering  Co.,  1026-1027 

PURGERS,  Refrigeration 

Armstrong  Machine  Works,   1032- 

1033 
Frick  Company,  Inc.,  891 

PYROMETERS,    Portable    and 
Stationary 

Bristol  Company,  The,  941 
Illinois  Testing  Laboratories,  Inc., 

950 

Leeds  &  Northrup  Co.,  951 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 
Taylor  Instrument  Companies,  962- 

963 

RADIATION,  Aluminum 

Aerofin  Corporation,  883-885 
Electric  Air  Heater  Co.,  Div.  of 

American    Foundry   Equipment 

Co.,  844 

Mario  Coil  Company,  893 
McQuay,  Incorporated,  848-849 

D.  J.  Murray  Mfg.  Co.,  Unit  Heater 
and  Cooler  Div.,  852 

J  J  Ncsbitt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 

RADIATION,  Bra88 

Aerofin  Corporation,  883-885 
G  &  0  Manufacturing  Co.,  886 
McQuay,  Incorporated,  848-849 

RADIATION,  Cast-iron 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Burnham  Boiler  Corp,,  994-995 
Crane  Company,  908-999 
United  States  Radiator  Corp.,  1010- 

1011 
Weil-McLain  Company,  1013 

RADIATION,  Copper 

Aerofin  Corporation,  883-885 
American    Radiator    &    Standard 

Sanitary  Corp,,  992-993 
C.  A.  Dunham  Co.,  970-971 
G  &  0  Manufacturing  Co,,  886 
Kramer  Trenton  Co.,  847 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co..  850-851 
JohnJ.,  Nesbitt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 
B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
Warren  Webster  &  Co.,  984-987 
Young  Radiator  Company,  860 

RADIATION,    Plain    and    Ex- 
tended Surface 

Aerofin  Corporation,  883-885 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Buffalo  Forge  Company,  903 
G  &  0  Manufacturing  Co.,  886 
General  Electric  Company,  916-917 
Grinnell  Co..  Inc.,  072-974,  1034 
Mario  Coil  Company,  893 
McQuay,  Incorporated,  848-849 


Numerals  following  Manufacturers'  Names  refer  to  pages  in  the  Catalog  Data  Section 
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D,  D.  Kimball,  G.  L.  Larson,  S,  R.  Lewis,  Thornton  Lewis,  J,  L  Lyle,  F.  B.  Rowley 
ancl  A,  C.  Willard. 

Cooperating  Committees 

A.S.H.V.E.  Representative  on  National  Research  Council:  A.  C,  Willard  (one  year). 
A.S.H.V.E,  Representative  on  A.S.A.  Sectional  Committee  on  Standardization  of  a 

Scheme  for  Identification  of  Piping  Systems  (A-1S) :  E.  E.  Ashley. 
A.S.H.V.E,  Representative  on  N.F.P.A.  Blower  Systems  Committee;   N.  A.  Hollister, 
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BEARMAN,  Alexander  A.  (M  1937)  Engr.  (for 

mail)  20th  Century-Fox  Film  Corp.,  444  West 

56th  St.,  New  York,  and  47  Edward  St.,  Baldwin, 

L.  I.,  N.  Y. 
BEATTIE,  James  (A  1941)  Prop.,  James  Beattie, 

Htg.  Contractor,  17215  Greenlawn  Ave.,  Detroit, 

Mich. 
BEAULIEU,  Adrian  A.   (M  1937)  Sales  Engr., 

C.  A.  Dunham  Co.,  15  Hathaway  St.,  Boston, 

and  (for  mail)  535  N.  Elm  St.  W.,  Bridgewater, 

Mass. 
BEAURRIENNE,  Auguste*  (M  1912)  Consulting 

Engr.,  18  Rue  du  Petit  Val,  Sucy  en  Brie,  S  et  O, 

France. 
BEAVERS,  George  R.  (M  1929)  Chief  Engr.  (for 

mail)    Canadian    Blower   &   Forge    Co.,    Ltd., 

Woodside    Ave.,    and    230    Cameron    St.    N., 

Kitchener,  Ont.,  Canada. 
BECHTOL,  Jack  J.   (J  1937)   Conditioner  (for 

mail)  Jos.  E.  Seagram  &  Sons,  Inc.,  Lawrence- 
burg,  Ind.,  and  4766  Rapid  Run  Rd.,  Cintinnati.O. 
BECKER,  G.  S.   (M  1939)  Br.  Mgr.  (for  mail) 

American  Blower  Corp.,   1011   Majestic  Bldg., 

Milwaukee,  and  2532  North  62nd  St.,  Wauwa- 
,    tosa,  Wis. 
BECKER,  Roger  K.  (M  1938)  Dept.  Mgr.,  Ohio 

Valley  Hardware  &  Roofing  Co.,  and  (for  mail) 

1017  E.  Powell  Ave.,  Evansville,  Ind. 
BECKER,  Sidney  J.  U  1940)  Engr.  (for  mail) 

J.  Becker,  Inc.,  282  Villeneuve  St.  W.,  and  272 

Villeneuve  St.  W.,  Montreal,  Que.,  Canada. 
BECKER,  Walter  A.  (M  1935)  Sales  Engr.  (for 

mail)  Grinnell  Co.,  Inc.,  4425  S.  Western  Ave., 

and  5728  N.  Rockwell  St.,  Chicago,  111. 
BECKWITH,  F.  J.  (M  1940)  Htg,  Engr.,  Crane 

Co.,  1007  W.  Bay  St.,  and  (for  mail)  R.  F.  D.  1, 

Box  150,  Jacksonville,  Fla. 
BEEBE,  Frederick  E.  W.  (A  1915)  Sales  Engr., 

Johnson  Service  Co,,  28  East  29th  St.,  New  York, 

N.  Y. 
BEERY,  Clinton  E.*   (U  1913)  Pres.,  Heat  & 

Fuel  Engineering  Co.,   Inc.,  1454  Hood  Ave,, 

Chicago,  111. 
BEGGS,  William  E.   (M  1927)   Owner,  W.  E. 

Begga  Co.,  416  Bell  St.,  and  (for  mail)  2580  W. 

Viewmont  Way,  Seattle,  Wash, 
BEIGHBL,  H.  A.  (A  1927)  Sales  Repr.  (for  mail) 

Herman   Nelson   Corp,,   503   Columbia    Bldg., 

Pittsburgh,  and  207  Puritan  Rd.,  Rosslyn  Farms, 

Carnegie,  Pa. 
BEITZELL,  Albert  E.  (A  1933;  J  1930)  Mgr.,  Air 

Cond.  Div.,  Combustioneer  Corp,,  409  Tenth  St. 

S.  W.,  Washington,  D.  C.,  and  (for  mail)  6701  N. 

Central  Ave.,  Chevy  Chase,  Md. 
BBLFORD,  Louis  duB.  (A  1940)  Diet.  Supvr.  (for 

mail)    Minneapolis-Honeywell    Regulator    Co., 

Wayne  &  Roberta  Ave.,  and  5722  Greene  St., 

Philadelphia,  Pa. 
BEUNG,  Earl  H.*  (M  1936;  A  1930;  J  1925) 

Owner,  Beling  Engineering  Co.,  405  State  Trust 

Bldg.,  and  (for  mail)  2428-13th  St.,  Moline,  111. 
BELL,  E.  Floyd  (M  1933)  Dist.  Mgr.,  Buffalo 

Forge  Co.,   2102   Foehay  Tower,  Minneapolis, 

Minn. 
BELL,  Sydney  R.  (M  1939)  Consulting  Engr.  (for 

mail)  Sydney  R,  Bell  &  Associates,  374  Little 

Collins  St.,   C-l,  and  83  Queens  Rd.,  S-C  3, 

Melbourne,  Australia. 
BELSKY,  George  A.  (A  1937)  Air  Cond.  Engr., 

JustinC,  O'Brien  Co.,  734  Lexington  Ave.,  New 

York,  and  (for  mail)  78  Randolph  Rd.,  Fulton 

Park,  White  Plains,  N.  Y. 
BEMAN,  Myron  C.  (M  1926)  (Council  1934-39) 

Consulting  Engr,  (for  mail)  Beman  &  Candee, 

374  Delaware  Ave.,  and  699  Richmond  Ave., 

Buffalo,  N.  Y. 
BENHAM,  Colin  S.  K.  (A  1940;  J  1937)  Dir. 

(for  mail)  Benham  &  Sons,  Ltd.,  66  Wigmore  St., 

London  W.  1,  and  5  Constable  Close,  London 

N.  W.  H,  England. 
BENHAM,  Ford  C.,  Jr.  (J  1938)  Sales  Engr.  (for 

mail)  C/Q  C.  H.  Ruebeck  Co.,  P.  0.  Box  141,  and 

709-A  James  St.,  Waco,  Tex. 


BENNETT,  Charles  A.  CM  1936)  Asst.  Mech. 

Inspector,  Dept.  of  Justice,  Bureau  of  Prisons, 

Rm.  1259  Dept.  of  Justic  Bldg.,  and  (for  mail) 

1752  Lament  St.  N.  W.f  Washington,  D.  C. 
BENNETT,  Edwin  A.   (M  1936;  J  1929)   Sales 

Engr.  (for  mail)  American  Blower  Corp.,  50  West 

40th  St.,  New  York,  and  45  Pondfield  Rd.  W., 

Bronxville,  N.  Y. 
BENOIST,  LeRoy  L.  (M  1934)  Mgr.  (for  mail) 

Benoist  Bros.  Hardware  &  Supply  Co.,  117  S. 

Tenth  St.,  and  1500  Main  St.,  Mt.  Vernon,  111. 
BENOIST,  Raymond  E.  (A  1936)  Mgr.  &  Engr., 

Benoist  Bros.  Hardware  &  Supply  Co.,  117  S. 

Tenth  St.,  and  (for  mail)  811  North  12th  St., 

Mt.  Vernon,  111. 
BENSEN,  Clarence  L.  (M  1939;  /  1935)  Chief 

Engr.,  McQuay,  Inc.,  1600  Broadway  N.  E.,  and 

(for  mail)  3042  Benjamin  St.  N.  E.,  Minneapolis, 

BENSINGER,  Mark  (J  1936)  Mech.  Engr., 
Constr.  Div.  of  Office  of  the  Q.  M.  G.,  War  Dept., 
and  (for  mail)  3718  Jocelyn  St.,  N.  W.,  Wash- 
ington, D.  C. 

BENSON,  Merrill  L.  (M  1938)  Pres.  (for  mail) 
Northwest  Engineering  &  Distributing  Corp., 
255  Foshay  Tower,  and  4521  Harriet  Ave.  S., 
Minneapolis,  Minn. 

BENTLEY,  Clyde  E.  (M  1937)  Consulting  Engr., 
216  Pine  St.,  San  Francisco,  and  (for  mail)  1876 
San  Antonio  Ave.,  Berkeley,  Calif. 

BENTZ,  Harry  (M  1915)  Htg.  &  Vtg.  Engr., 
18  Holland  Terrace,  Montclair,  N.  J. 

BERGAN,  John  R.  (A  1941;  /  1937)  Dist.  Repr. 
(for  mail)  Minneapolis-Honeywell  Regulator  Co., 
1220  Madison  Ave.,  Toledo,  and  525  W.  Broad- 
way, Maumee,  0. 

BERGER,  J.  L.  (M  1939)  Vice-Pres.  (for  mail) 
The  W.  R.  Rhoton  Co.,  5915  Bonna  Ave.,  and 
2652  Edgerton  Rd.r  Cleveland,  0. 

BERMAN,  Louis  K.  (M  1908)  Pres.  (for  mail) 
Raisler  Corp.,  129  Amsterdam  Ave.,  and  285 
Central  Park  West,  New  York,  N.  Y. 

BERMEL,  Alfred  H.  (A  1933;  J  1928)  Estimator 
and  Engr.,  August  Arace  &  Sons,  Inc.,  642  Third 
Ave.,  Elizabeth,  and  (for  mail)  177  Sunset  Ave., 
N.  Arlington,  N.  J. 

BERNARD,  Edgar  L.  (J  1941;  S  1940)  Heat 
Engr.  (for  mail)  Reynolds  Metals  Co.,'  810  E. 
Franklin  St.,  and  3132  Park  Ave.,  Richmond,  Va. 

BERNERT,  Lawrence  A.  (A  1937)  Qmce  Repr. 
(for  mail)  Warren  Webster  &  Co.,  316  Liberty 
Trust  Bldg.,  and  516  Kensington  Ave.,  Roanoke, 
Va. 

BERNHARD,  George  (M  1935;  A  1929)  Prop, 
(for  mail)  National  Improvement  Co.,  Box  542, 
and  1316  High  St.,  Marquette,  Mich. 

BERRIDGE,  Winston  W.  CM  1938)  Asst.  Mgr., 
Industrial  Dept.  (for  mail)  McColl-Frontenac  Oil 
Co.,  Ltd.,  Dominion  Square  Bldg.,  and  5169 
Westbury  Ave.,  Montreal,  Que.,  Canada. 

BERRINGER,  Sidney  H.  (U  1926)  Asst.  Inspec- 
tor of  Engrg.  Materials,  U.  S.  Navy,  and  (for 
mail)  200  Main  St.,  Buffalo,  N.  Y. 

BERRY,  Robert  U.  (M  1939)  Engrg.  Div.,  Air 
Cond,  Dept.  (for  mail)  General  Electric  Co.,  5 
Lawrence  St.,  Bloomneld,  and  423  N.  Walnut 
St.,  East  Orange,  N.  J. 

BERRYMAN,  Richard  H.  (J  1940)  Htg.  &  Air 
Cond.  Engr.,  Boyd-Cooper  Heating  Co.,  14471 
Livernois,  and  (for  mail)  264  Worcester  PI., 
Detroit,  Mich. 

BERTOLETTE,  Chester,  Jr.  (M  1940)  Engr., 
Modern  Automatic  Heat  Co.,  14  Wood  Lane,  and 
(for  mail)  206  S.  Cherry  St.,  Poughkeepsie,  N.  Y. 

BERTRAND,  George  F.  (A  1939)  Sales  Engr., 
Sheffler-Gross  Co,,  1000  Drexel  Bldg.,  Phila- 
delphia, and  (for  mail)  235  Richfield  Rd.,  Upper 
Darby,  Pa. 

BERZELIUS,  Carl  E.  (M  1936)  Sales  Engr.,  U.  S. 
Gypsum  Co.,  300  W.  Adams,  Chicago,  and  (for 
mail)  2243-lOth  St.,  Rockford,  111. 
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DICK,  Harold  (5  1940)  Refrig.  Serviceman, 
S.  &  S,  Refrigeration,  183  Monticello  Ave., 
Jersey  City,  and  (for  mail)  1235  Park  Ave., 
Hoboken,  N.  J. 

DICKASON,  Gray  D.  (M  1938)  Pres.  (for  mail) 
Genesee  Heating  Service,  Inc.,  950  Mercantile 
Bldg.,  and  140  Windemere  Rd.,  Rochester,  N.  Y. 

DICKENSON,  Frederick  R.  (M  1936;  A  1934) 
Mgr.  Industrial  Relations  (for  mail)  American 
Blower  Corp.,  6000  Russell  St.,  Detroit,  and 
715  Pilgrim  Rd.,  Birmingham,  Mich. 

DICKENSON,  Malcolm  E.  (M  1936)  Pres.  & 
Gen.  Mgr.  (for  mail)  Livingston  Stoker  Co.,  Ltd., 
33  Sanford  Ave.  S.,  and  964  Cumberland  Ave., 
Hamilton,  Grit.,  Canada. 

DICKEY,  Arthur  J.  (M  1921)  Vice-Pres.  &  Gen. 
Mgr.,  C.  A.  Dunham  Co.,  Ltd.,  1523  Davenport 
Rd.,  and  (for  mail)  9  Mossom  PI.,  Toronto, 
Ont.,  Canada. 

DICKINSON,  Robert  P.,  Jr.  (/  1938)  Warehouse 
Mgr.  (for  mail)  Burnham  Boiler  Corp.  of  Ohio, 
301  Brushton  Ave.,  Pittsburgh,  and  219  Meade 
St.,  Wilkinsburg,  Pa. 

DICKSON,  George  P.  (M  1919)  Managing  Dir., 
B.  F.  Sturtevant  Co.  of  Canada,  Ltd.,  137  Wel- 
lington St.  W.,  Toronto,  Ont.,  Canada. 

DICKSON,  Robert  B.  (M  1919)  Pres.,  Kewanee 
Boiler  Corp.,  Kewanee,  111. 

DICKSON,  Robert  W..  Jr.  (J  1938)  Sales  Engr. 
(for  mail)  American  Blower  Corp.,  1841  Oliver 
Bldg.,  Pittsburgh,  and  520  Greendale  Ave., 
Edgewood,  Pa. 

DIETZ,  C-  Fred  (M  1938)  Sales  Engr.  (for  mail) 
Haynes  Selling  Co.,  Inc.,  1124  Spring  Garden 
St.,  and  1215  Allengrove  St.,  Philadelphia,  Pa. 

DILL,  Richard  S.*  (M  1939)  Assoc.  Mech.  Engr., 
National  Bureau  of  Standards,  Washington^ 
D,  C.,  and  (for  mail)  1603  S.  Springwood  Dr.. 
Silver  Spring,  Md. 

DILLENDER,  Euftone  A.  (M  1939)  Htg.  Engr. 
(for  mail)  United  Gas  Corp.,  Houston  Div., 
Texas  at  San  Jacinto,  and  1841  W.  Main  St., 
Apt.,  4,  Houston,  Tex. 

DION,  Alfred  M.  (M  1937)  Sales  Engr.  (for  mail) 
Trane  Co.  of  Canada,  King  &  Mowat  Sts.,  and 
356  Bloor  St.  E.,  Toronto,  Ont.,  Canada. 

DISNEY,  Melvin  A.  (A  1934)  Mgr.  Air  Cond. 
Dept,,  Fairbanks,  Morse  &  Co.,  1713  N.  Market, 
and  (for  mail)  4223  Normandy,  Dallas,  Tex. 

DISTEL,  Robert  E.  (A  1941;  /  1938)  Gen.  Mgr., 
Distel  Heating  Equipment  Co.,  404-406  Kala- 
maaoo  Plaxa,  Lansing,  and  547  Bailey  St.,  East 
Lansing,  and  (for  mail)  P.  0.  Box  133,  Lansing 
Mich, 

DIVER,  Mortimer  L.  (M  1925)  Consulting  Engr., 
P.  0.  Box  1016,  San  Antonio,  Tex. 

DIXON,  Arthur  G.  (M  1928)  Sales  Mgr.  (for 
mail)  Modine  Mfg.  Co.,  and  442  Wolff  St., 
Racine,  Wia. 

DODDS,  Forrest  F.  (M  1920)  Mgr.  (for  mail) 
American  Radiator  &  Standard  Sanitary  Corp., 
1023  Grand  Ave.,  and  4600  Mill  Creek,  Kansas 
City,  Mo. 

DODGE,  Harry  A.  (M  1936)  Elec.  Engr.,  S.  H. 
Kress  &  Co.,  114  Fifth  Ave.,  and  (for  mail) 
514  West  End  Ave.,  New  York,  N.  Y. 

DOERING,  Frank  L.  (M  1919)  Sales,  American 
Radiator  &;  Standard  Sanitary  Corp.,  238  Boston 
Ave.,  Lynchburg,  Va. 

DOLAN,  Raymond  G.  (M  1926;  J  1922)  Sccy.- 
Treas,  (for  mail)  Tom  Dolan  Heating  Co.,  Inc., 
614-10  W.  Grand,  and  2112  Northwest  20th, 
Oklahoma  City,  Okla. 

DOME,  Alan  G.  (A  1938;  J  1936)  Air  Cond. 
Engr.,  Bryant  Air  Conditioning  Corp.,  915  N. 
Front  St.,  and  (for  mail)  28  Roumford  Rd., 
Philadelphia,  Pa. 

DONELSON,  William  N.  (J  1937)  Sales  Engr. 
(for  mail)  Modine  Manufacturing  Co.,  633  S.  Fifth 
St.,  and  2082  Douglas  Blvd.,  Louisville,  Ky. 

DONNELLY,  James  A.*  (Life  Member;  M  1904) 
(Treas.,  1912-14)  (Board  of  Governors,  1913) 
(Council,  1914)  Largent,  W.  Va. 


DONNELLY,  Russell  (M  1923)  Sales  Engr., 
Nash  Engineering  Co.,  Inc.,  420  Lexington  Ave., 
New  York,  N.  Y. 

DONOHOE,  John  B.  (A  1937;  J  1935)  Engr.  & 
Estimator  (for  mail)  B.  F.  Donohoe  Co.,  51 
Albany  St.,  Boston,  and  23  Primrose  St.,  Roslin- 
dale,  Mass. 

DONOVAN,  William  J.  (A  1930)  2239  North 
27th  St.,  Philadelphia,  Pa. 

DORFAN,  Morton  I.  (M  1929)  Dust  Control 
Specialist,  Pangborn  Corp.,  604  Chamber  of 
Commerce  Bldg.,  and  (for  mail)  1217  Malvern 
Ave.,  Pittsburgh,  Pa. 

DORNHEIM,  G.  A.  (M  1912;  /  1906)  Buensod- 
Stacey  Air  Conditioning,  Inc.,  60  East  42nd  St., 
New  York,  and  (for  mail)  15  Hamilton  Ave., 
Bronxville,  N.  Y. 

DORSEY,  Francis  C.  (M  1920)  Engr  .-Contractor 
(for  mail)  Francis  C.  Dorsey,  Inc.,  4520  Schenley 
Rd.,  Roland  Park,  and  212  Gittings  Ave., 
Baltimore,  Md. 

DOSTER,  Alexis  (A  1934)  Vice-Pres.  &  Secy., 
The  Torrington  Mfg.  Co.,  70  Franklin  St., 
Torrington,  Conn. 

DOUGHTY,  Charles  J.  (M  1925)  Mgr.  (for  mail) 
C.  J.  Doughty  &  Co.,  30  Brenan  Rd.,  and 
1202  Ave.  Joffre,  Shanghai,  China. 

DOUGLAS,  Donald  C.  (J  1940)  (for  mail) 
Douglas  &  Seidler,  Distributors,  1216  Connecti- 
cut Ave.  N.  W.,  and  Shoreham  Hotel,  Wash- 
ington, D.  C. 

DOUGLAS,  Howard  H.  (A  1936)  Air  Cond.  Engr. 
(for  mail)  Southern  California  Edison  Co.,  601 
W.  Fifth  St.,  and  2317  Kelton  Ave.,  Los  Angeles, 
Calif. 

DOWDY,  Rufus  B.  (M  1939)  Sales  Engr.  (for 
mail)  Haydn  Myer  Co.,  Inc.,  P.  O.  Box  746, 
and  201  Capitol  Pkwy.,  Montgomery,  Ala. 

DOWLER,  Edward  A.  (M  1937)  Sales  Engr.,  B.  F. 
Sturtevant  Co.  of  Canada,  Ltd.,  137  Wellington 
St.  W.,  and  (for  mail)  9  Prince  Arthur  Ave., 
Toronto,  Ont.,  Canada. 

DOWNE,  Edward  R.  (M  1927)  Chief  Engr.  (for 
mail)  Bryant  Heater  Co«,,  17825  St.  Clair  Ave., 
Cleveland,  and  R.  F.  D.  2,  Bell  Rd.,  Chagrin 
Falls,  0. 

DOWNES,  Alfred  H.  C4  1937)  Draftsman, 
Holmes  &  Narver,  639  S.  Spring  St.,  and  (for 
mail)  1342J4  Bond  St.,  Los  Angeles,  Calif. 

DOWNES,  Henry  Hackett  (M  1923)  Mgr., 
American  Blower  Corp.,  438  Woodward  Bldg., 
Washington,  D.  C. 

DOWNES,  Nate  W.  (M  1917)  Chief  Engr.  & 
Supt.  of  Buildings,  (for  mail)  School  District  of 
Kansas  City,  Mo.,  317  Finance  Bldg.,  and  2119 
East  68th  St.,  Kansas  City,  Mo. 

DOWNING,  Clarence  B.  (A  1938)  Secy.-Treas. 
(for  mail)  N.  B.  Downing  Co.,  Jefferson  Ave., 
and  Clark  Ave.,  Milford,  Del. 

DOWNS,  Charles  R.  (M  1930)  Vice-Pres.  & 
Secy,  (for  mail)  Weiss  &  Downs,  Inc.,  50  East 
41st  St ,  New  York,  N.  Y.,  and  5  Sylvan  Lane, 
Old  Greenwich,  Conn. 

DOWNS,  Sewell  H.  (M  1931)  (Council,  1936-40) 
Chief  Engr.,  Clarage  Fan  Co.,  and  (for  mail) 
211  Creston  Ave.,  Kalamazoo,  Mich. 

DRAIN,  Harry  E.  (M  1940)  Mfrs.  Repr.  (for  mail) 
404  Hubbell  Bldg.,  and  6429  University,  Des 
Moines,  la. 

DRAKE,  George  M.  (A  1940;  J  1936)  Vice-Pres. 
(for  mail)  George  H.  Drake,  Inc.,  218  Lexington 
Ave.,  Buffalo,  and  163  Renwood  Ave.,  Kenmore, 
N.Y. 

DREHER,  Louis  F.  (S  1938)  4816  Margaretta 
Ave.,  St.  Louis,  Mo. 

DRESGHER,  Francis  E.  (A  1938)  Sales  Engr. 
(for  mail)  Straus-Frank  Co.,  1018  Fannin  St., 
and  2725  Beatty  St.,  Houston,  Tex. 

DRESSELL,  Russell  E.  (A  1938)  Mech.  Engr., 
Riggs  Distler  Co.,  Inc.,  216  N.  Calvert  St.,  and 
(for  mail)  918  E.  Preston  St.,  Baltimore,  Md. 
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HARTWKIN,  Charles  E.  (M  1933)  Htg.  Engr., 
St.  LouLs  County  Gas  Co.,  231  W.  Lockwood 
Ave.,  Webster  Groves,  and  (for  mail)  135  Peckc 
Ave,,  Kirkwoocl,  Mo. 

HARTWELL,  Joseph  C.  (M  1922)  Pres.  &  Trcas. 
(for  mail)  Hart  well  Co.,  Inc.,  87  Wcybosset  St., 
and  10  Freeman  Pkwy.,  Providence,  R.  I. 

HARVEY,  Alexander  D.  (A  1928;  J  1925)  Sales 
M«r.  (for  mail)  Kimberly-Clark  Corp.,  and  819 
K.  Forest  Ave.,  Neenah,  Wivs. 

HARVEY,  Lyle  C.  (M  1928)  Pres.,  The  Bryant 
Heater  Co.,  17825  St.  Clair  Ave.,  Cleveland,  0. 

HASHAGEN,  John  B.  (M  1930)  Plant  En«r.  (for 
mail)  General  Seafoods  Corp.,  1-15  Fish  Pier, 
Houston,  and  12  Park  Ave.,  CambridKe,  Mass. 

HATTIS,  Robert  E.  (M  192(5)  ConsultuiK  Air 
Concl.  Mcch.  &  Elec.  Kn«r,  (for  mail)  332  S. 
LaSalle  St.,  and  1454  Fargo  Ave.,  Chicago,  111. 

HAUAN,  Merlin  J.  (M  1923)  Consulting  Engr.r 
341 2- 10th  a,  Seattle,  Wash. 

HAUGK,  Elden  L.  (A  1940;  J  1930)  Mgr.  (for 
mail)  Hauck  Bros.,  232  S.  Center  St.,  Springfield, 
and  1010  S.  Main  St.,  Dayton,  0. 

HAUER,  Fred  (A  1938)  Owner  (for  mail)  Fred 
Huuer  &  Co.,  Ill  N.  Water  St.,  and  315  Hettinger 
PL,  Peoria,  111. 

HAUS,  Irvln  J.  (A  1037;  J  1935)  Engr.,  Everett 
Smith  Automatic  Temperatures,  Inc.,  789  N, 
Water  St.,  and  (for  mail)  5410  W.  Center  St., 
Milwaukee,  Wiw, 

HAUSMAN,  Louis  M.  (M  1935)  Pres,,  L,  M, 
HaiiHinan  &  Co,,  440  Daamarifias,  and  (for  mail) 
P.  ().  Box  1720,  Manila,  P.  I. 

HAUSS,  Charles  F.*  (Life  Member,  M  1022) 
Via  OCHU,  No.  8,  Milan,  Italy. 

HAWKS,  Harold  D.  (S  1040)  Lab.  Asst,  in 
Kngrg.  Dept,,  Fulton  Sylphon  Co.,  and  (for  mail) 
Ft.  HundorB  Manor,  Apt.  20,  Knoxvillc,  Tenn. 

HAWISHKR,  Harold  H.  (A  1038)  Mech,  Kn«r. 
(for  mail)  Automatic  Heating  and  Engineering 
Co.,  410  N.  Main  St.,  and  411  S.  Jamison  Ave., 
Lima,  C). 

HAWK,  Joseph  K.  (M  1030;  J  1930)  Sales  Engr. 
(for  mail)  W.  A,  Caae  &  Son  Manufacturing  Co., 
31  Main  St.,  and  203  Woodward  Ave.,  Buffalo, 
N.  Y. 

HAYES,  James  J.  (M  1920)  Secy,  (for  mail) 
Stannard  Power  Equipment  Co.,  63  W.  Jackson 
Blvd.,  and  7443  Jeffery  Ave.,  Chicago,  III. 

HAYES,  Joseph  G.  (Life  Member \  M  1008)  Prea. 
&  Engr.  (for  mail)  Hayes  Brothers,  Inc.,  230 
W.  Vermont  St.,  and  2849  N.  Capitol  Ave., 
Indianapolis,  Ind. 

HAYMAN,  A.  Eugene,  Jr.  (A  1041;  J  1935; 
.S'  1030)  Draftsman,  Moody  &  Hutchison.  Cone. 
Kngrn.,  1701  Architects  Bld«,,  Philadelphia,  Pa., 
and  (for  mail)  2715  Washington  St.,  Wilmington, 
Del. 

HAYNES,  Charts  V.  (Life  Member,  M  1917) 
(Presidential  Member}  (Pres.,  1034;  1st  Vice- 
Pres.,  1933;  2nd  Vlee-Prea,,  1032;  Council, 
'1020-29:  1032-35)  115  Uanfalr  Rd.,  Ardraorc, 
Mont.  Co.,  Pa. 

MAZLEMUR8T,  Hamilton  D.  (A  1030)  Southern 
California  Gaa  Co.,  and  (for  mail)  1710  Morton 
Ave.,  LOB  Angeles,  Calif. 

HA7XETT,  Dr.  T.  Lyle  (M  1038)  Medical  Dir. 
(for  mall)  Weatlnghouae  Electric  &  Manufactur- 
ing Co.,  Hast  Pittsburgh,  and  0634  Beacon  St., 
Pittsburgh,  Pa. 

HEAGERTY,  William  H.  (A  1023)  Sales  Knur, 
(for  mail)  1427  Eye  St.  N.  W.,  and  5100  N. 
Capitol  St.,  Washington,  D.  C. 

HEALY,  Charles  T.  (7  1940)  Minneapolis- 
Honeywell  Regulator  Co.,  713  Maritime  Bldg., 
New  Orleans,  La. 

HEATH,  William  R.  (M  1931)  Asst.  Chief  Engr., 
Buffalo  Forge  Co.,  400  Broadway,  and  (for  mail) 
119  Wingate  Ave.,  Buffalo,  N.  Y. 

HEBLBY,  Henry  F.  J.  (M  1034)  Prod.  Control 
Mgr.,  Pittsburgh  Coal  Co,,  P.  0.  Box  146,  Pitts- 
burgh, Pa. 


HEGHT,  Frank  H.  (M  1930)  Sales  Engr.  (for  mail) 
B.  F.  Sturtevant  Co.,  2035  Koppers  Bldg.,  and 
1467  Barnesdale  St.,  Pittsburgh,  Pa. 
HEGKEL,  Edmund  P.  (M  1918)  E.  P.  Heckel  & 
Associates,  407  S.  Dearborn  St.,  Chicago,  and 
(for  mail)  314  Cuttriss  PI,  Park  Ridge,  111. 

HECKLER,  Samuel  (J  1937)  Engr.  (for  mail) 
Westchester  Square  Plumbing  Supply  Co.,  Inc., 
4617  White  Plains  Ave.,  and  2800  Creston  Ave., 
New  York,  N.  Y. 

HEDEEN,  Laurel  E.  (A  1941 ;  J  1938)  Sales  Engr., 
The  Trane  Co.,  222  Walnut  St.,  Waterloo,  la. 
HEDGES,  H.  Berkley  (M  1919)  Mgr.,  Industrial 
Sales  (for  mail)  John  J.  Nesbitt,  Inc.,  State  Rd. 
&  Rhawn  Sts.,  Holmesburg,  Philadelphia,  and 
114  Waverly  Rd.,  Wyncote,  Pa. 

HEDLEY,  Park  S.  (M  1923)  Park  S.  Hedley  Co., 
3(51  Delaware  Ave.,  Buffalo,  N.  Y. 

HEEBNER,  Walter  M.  (M  1922)  Sales  Engr., 
Warren  Webster  &  Co.,  20  Washington  PI., 
Newark,  and  (for  mail)  282  Highwood  Ave., 
Teaneck,  N.  J. 

HEIBEL,  Walter  E.  (M  1917)  Dist.  Mgr.  (for 
mail)  Aerofin  Corp.,  11  West  42nd  St.,  New  York, 
N.  Y.,  and  Old  Greenwich,  Conn. 

HEIKKILA,  Frank  E.  (A  1939)  Resale  Supvr., 
WestinKhouse  Electric  &  Manufacturing  Co., 
814  Ellicott  Sq.,  Buffalo,  and  (for  mail)  24 
Somerton  Ave.,  Kenmore,  N.  Y. 

HEILMAN,  Russell  H.*  (M  1923)  Senior  Indus- 
trial Fellow  (for  mail)  Mellon  Institute,  4400 
Fifth  Ave.,  and  2303  Beech  wood  Blvd.,  Pitts- 
burgh, Pa. 

HEWKEL,  Charles  E.  (J  1938)  Sales  Engr., 
Control  Equipment  Co.,  304  Selling  Bldg.,  and 
(for  mail)  3048  Northeast  20th,  Portland,  Ore. 

HEISTERKAMP,  Herbert  W.  (A  1940;  J  1937) 
Sales  En«r,,  Bryant  Heater  Co.,  17825  St.  Clair, 
and  (for  mail)  18103  E.  Park  Dr.,  Cleveland,  O. 

HELBURN,  I.  B.  (M  1020;  J  1927)  Jr.  Assoc.  (for 
mail)  Wyman  Engineering,  1300  Chamber  of 
Commerce  Bldg.,  and  3815  Winding  Way, 
Cincinnati,  0. 

HELLER,  Joseph  A.  (A  1938)  Sales  (for  mail) 
Air  Conditioning  Utilities  Co.,  8  West  40th  St., 
and  150  West  82nd  St.,  New  York,  N.  Y. 

HELLMBRS,  Charles  C.,  Jr.  (J  1937)  Gas  Htg. 
Engr.  (for  mail)  Iowa-Nebraska  Light  &  Power 
Co.,  1401  O  St.,  and  2554  Woodsdale  Blvd., 
Lincoln,  Nebr. 

HELLSTROM,  John  (A  1929)  Vice-Prcs.  (for 
mail)  American  Air  Filter  Co.,  Inc.,  215  Central 
Ave.,  and  423  Lightfoot  Rd.,  Louisville,  Ky. 

HKLMRICM,  G.  Bernard  (M  1936)  Mech.  Engr., 
The  Detroit  Etlison  Co.,  2000  Second  Ave., 
Detroit,  and  (For  mail),  20590  Dundee  Rd., 
Royal  Oak,  Mich. 

MBLSTROM,  Clifford  W.  (M  1938)  Mgr.  Htg. 
&  Plbg.  Dept,  Globe  Machinery  &  Supply  Co., 
and  (for  mail)  1014  Thompson,  Des  Moines,  la. 

HELSTROM,  Herman  G.  (M  1928)  Firebox 
Boiler  &  Stoker  Div,,  William  Bros.  Boiler  & 
Manufacturing  Co.,  Nicollet  Island,  and  (for 
mail)  4608  Arden  Ave.  S.,  Minneapolis,  Minn. 

HELWICK,  Numa  J.  (M  1940)  Secy.  &  Engr.  (for 
mail)  American  Heating  &  Plumbing  Co.,  Inc., 
829  Baronne  St.,  and  809  Greenwood  St.,  New 
Orleans,  La. 

HENDERSON,  Alexander  S.  (J  1940;  S  1938) 
Engrg,  Draftsman  (for  mail)  S.  F.  (Australia) 
Pty.  Ltd.,  Broughton  House,  181  Clarence  St., 
Sydney,  and  66  Eastwood  Ave.,  Eastwood, 
N.  S.  W,,  Australia. 

HENDRICKSON,  Harold  M.  (M  1934)  Asst.  Br. 
Engr.  (for  mail)  York  Ice  Machinery  Corp.,  5051 
Santa  Fe  Ave.,  Los  Angeles,  and  3901  Liberty 
Blvd.,  South  Gate,  Calif. 

HENDRICKSON,  Ralph  L.  (M  1938)  Chief 
Engr.  (for  mail)  Utilities  Engineering  Institute, 
1314  Belden  Ave.,  and  6125  Kenwood  Ave., 
Chicago,  111. 
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LEVITT,  Leroy  L.  (J  1940)  Air  Cond.  Engr., 
Calvert  Distilling  Co.,  Relay,  and  (for  mail)  3326 
Gwynns  Falls  Pkwy.,  Baltimore,  Md, 

LEVY,  Marion  I,  (M  1938;  A  1936;  J  1931)  Pres. 
(for  mail)  Viking  Air  Cond.  Corp.,  9500  Rich- 
mond Ave.  S.  E,,  and  31,50  Ludlow  Rd.,  Cleve- 
land, (). 

LEWIS,  Carroll  E.  (M  1930)  Sales  Mgr.,  Delco 
Appliance  Div.,  General  Motors  Sales  Corp., 
391  Lyell  Ave.,  and  (for  mail)  9  Shelwood  Rd., 
Rochester,  N.  Y. 


LEWIS,  Harry  E.  (J  1939)  Engr.,  Insulation 
Div.,  The  Kagle  Picher  Sales  Co.,  Temple  Bar 
Hldg.,  and  (for  mail)  220  Atkinson  St.,  Apt. 
No.  2,  Cincinnati,  0. 

LEWIS,  H.  Frederick  (M  1940;  A  1937)  Vice- 
Pres,  &  Gen.  Mgr.  (for  mail)  Harvey  A.  Dwight 
Oil  Heat  &  Supply  Co.,  Inc.,  147  Dongan  Ave., 
Albany,  and  Sweet's  Crossing,  Nassau,  N.  V. 

LEWIS,  Kenneth  C.  (A  1938)  306  General 
Motors  Research  Bldtf.,  Detroit,  Mich. 

LEWIS,  L.  Logan*  (M  1918)  Vice-Pres.  (for  mail) 
Carrier  Corp,,  S.  Gedtlea  St.,  and  207  Sedgwick 
Dr.,  Syracuse,  N.  Y. 

LEWIS,  Samuel  R.*  (M  1905)  (Presidential  Mem- 
ber] (Pres.,  1914;  2nd  Vlce-Pres.,  1910;  Board  of 
Governors,  1909-12;  Council,  1914-15)  Con- 
sulting Engr.  (for  mail)  407  S,  Dearborn  St.,  and 
4737  Kimbark  Ave.,  Chicago,  111, 

LEWIS,  Thornton*  (M  1919)  (Presidential  Mem- 
ber) (Prea,,  1929;  1st  Vice-Pres.,  1928;  2nd  Vice- 
Pren.,  1927;  Council,  1923-30)  Holiday  Hill, 
R.  IX  No,  2,  Newtown,  Pa. 

LEWIS,  W.  Warner  (A  1939)  Mgr.  Appliance 
Dept,  &  II tg.  &  Air  Concl.  Dent,  (for  mail) 
Beeson  Hardware  Co.,  214  N.  Main  St.,  and  004 
Woodrow  Ave.F  Hi^h  Point,  N.  C, 

LEY,  Ralph  B.  (A  1940)  Ht«,  &  Vtg.  Engr.,  601 
19th  St.  N.  W,,  Apt,  803,  Washington,  D.  C. 

LIBBY,  Ralph  S.  (A  1939;  J  1933)  Sales  Engr., 
Sheldone,  Ltd.,  00  Grand  Ave.  S,,  and  (for  mail) 
108  Grand  Ave.  S.,  Apt.  0,  Gait,  Ont.,  Canada, 

LICANDRO,  James  P.  (J  1938)  Air  Cond.  Engr. 
(for  mall)  Carrier  Corp.,  704  Statler  Bldg,, 
Boston,  and  3  Overlook  Rd.,  Melrose,  Mass. 

LIC2HTY,  Charles  P.  (M  1020)  Mgr.  (for  mail) 
C,  P.  Lichty  Engineering  Co.,  400H  S.  21,st  St., 
and  100  Devon  Dr.,  Birmingham,  Ala. 

LIEBKRMAN,  Morris  S.  (S  1939)  Draftsman, 
Kngrg,  Dcpt,  Sears  Roebuck  &  Co.,  Pittsburgh, 
and  (for  mail)  040  Sixth  St.,  Oakmont,  Pa. 

L1EBL1CH,  Murray  (,S  1940)  Student  (for  mail) 
Carnegie  Institute  of  Technology,  4921  Forbes 
St.,  Pittsburgh,  Pa.,  and  140  Riverside  Dr., 
New  York,  N,  Y. 

LIFSIHTZ,  Hymen  (S  1939)  Student,  Carnegie 
Institute  of  Technology,  and  (for  mail)  2902 
Webster  Ave.,  Pittsburgh,  Pa. 

LICE,  Walter  W.  (A  1940)  Resident  Mgr.,  Bell  & 
Gotwett  Co.,  Pittsburgh,  and  (for  mall)  230 
Birch  Ave,,  Mount  Lebanon,  Pa. 

LIGHT,  John  C.  (A  1938)  Mgr.,  Clow  Gasleam 
Heating  Co,,  223  Wacaster  St.,  Jackson,  Miss. 

LIGHTIIART,  Charles  H.  (M  1935)  Mfra.  Sales 
Kngr.  (for  mail)  511  Rhode  Island  St.,  Buffalo, 
and  Eden,  N,  Y. 

LILJA,  Oscar  L.  (A  1937;  J  1930)  Mech.  Engr., 
Maguey,  Tuskr  &  Setter,  202  Foshay  Tower,  and 
(for  mail)  5000  16th  Ave.  S.,  Minneapolis,  Minn, 

LINCOLN,  Roland  L.  (M  1935)  Mgr.  Dust. 
Lab,  (for  mail)  B.  F.  Sturtevant  Co.,  Hyde  Park, 
Boston,  and  12  Lincoln  St.,  Declham,  Mass. 

LINDSAY,  Griffith  W.(  Jr.  (M  1937)  301  N. 
Garland  Ave.,  Dayton,  0, 

LINEBAUGH,  John  E.  (M  1937)  Frigidaire  Engr., 
General  Motors  Overseas  Operations,  General 
Motors  Bld«.,  and  (for  mail)  3850  Harvard  Rd., 
Detroit,  Mich. 


LINGEN,  Ralph  A.  (A  1939;  J  1938)  Dist.  Mgr. 
(for  mail)  American  Foundry  &  Furnace  Co.,  709 
N.  llth  St.,  Milwaukee,  and  619  N.  Cist  St., 
Wauwatosa,  Wis. 

LINSENMEYER,  Francis  J.  (M  1935)  Director 
of  Mech.  Engrg.  (for  mail)  University  of  Detroit, 
McNichols  Rd.  &  Livernois,  and  19020  War- 
rington  Dr.,  Detroit,  Mich. 

LINSKIE,  George  A.  (J  1939)  Mgr.,  Furnace 
Dept.  (for  mail)  Catlett  Engineers,  Inc.,  2nd 
Unit,  Santa  Fe  Bldg.,  10th  Floor,  and  122  N. 
Jester  St.,  Dallas,  Tex. 

LINTON,  John  P.  (M  1927)  Pres.,  Engineering 
Installations,  Ltd.,  1154  Beaver  Hall  Sq.,  Mon- 
treal, and  (for  mail)  247  Brock  Ave.  N.,  Montreal 
W.,  Que.,  Canada. 

LIPSGOMBE,  Harold  W.  J.  (M  1938)  Dir.,  The 
Lipscombe  Air  Conditioning  Co.,  Ltd.,  Dacre 
House,  Victoria  St.,  London,  S.  W.  1,  and  (for 
mail)  Glenmore,  Woodland  Way,  West  Wickharn, 
Kent,  England. 

LITTLEFORD,  Wallace  H.  (M  1936)  Estimating 
Engr.  (for  mail)  E.  J.  Febrey  &  Co.,  Inc.,  610 
New  York  Ave.  N.  W.,  Washington,  D.  C.F  and 
106  Edmonston  Rd.,  Hyattsville,  Md. 

LIVAR,  Allen  P.  (M  1935)  Chief  Engr.,  Htg.  Div. 
(for  mail)  Chrysler  Corp.,  Airterap  Div.,  and 
44  Ivanhoe  Ave.,  Dayton,  O, 

LIVERMORE,  James  N.  (M  1939)  Engr.,  The 
Detroit  Edison  Co.,  2000  Second  Ave.,  Detroit, 
Mich. 

LLOYD,  Edmund  H.  (J  1936)  Sales  Engr,, 
Bryant  Air  Conditioning  Corp.,  1620  K  St.  N.  W,, 
and  (for  mail)  2614  39th  St.  N.  W.,  Washington, 
D.  C. 

LLOYD,  Edward  G.  (M  1927)  Dir.,  Tech.  Service 
(for  mail)  Armstrong  Cork  Co.,  and  Old  Phila- 
delphia Pike,  Lancaster,  Pa. 

LOCK,  Rowland  H.  (M  1939)  Vice-Pres.,  J.  H. 
Lock  &  Sons,  Ltd.,  221  Sterling  Rd.,  and  (for  mail) 
24  Kennedy  Park  Rd,,  Toronto,  Ont.,  Canada. 

LOCKE,  James  S.  (M  1939)  Sales  Engr.,  Minne- 
apolis-Honeywell Regulator  Co,,  433  E.  Erie 
St.,  Chicago,  and  (for  mail)  1828  Fairview  Ave. 
S.,  Park  Ridge,  111. 

LOCKE,  Robert  A.  (M  1935)  Mgr.,  Steel  Heating 
Boiler  Institute,  and  (for  mail)  Middletown,  Pa. 

LOCKHART,  Harold  A.  (A  1930;  J  1935)  Chief 
Engr.,  Bell  &  Goasett  Co.,  3000  Wallace  St., 
Chicago,  and  (for  mail)  1453  Algonquin  Rd., 
Des  Plaines,  111. 

LOCKHART,  William  R.  (A  1939;  J  1936)  Dist. 
Sales  Mgr.  (for  mail)  York  Ice  Machinery  Corp., 
215  Investment  Bldg.,  and  3430  30th  St.  N.  W., 
Washington,  D.  C. 

LOEFFLER,  Frank  X.  (M  1914)  Pres.  (for  mail) 


Loeffler-Greene  Supply  Co.,  1604  N.  W.  Fifth 
St.,  and  1811  N.  W.  Nil  '    " 

City,  Okla, 


Mineteenth  St.,  Oklahoma 


LOH,  Nan-Shec  (M  1933;  A  1931;  J  1927)  Mgr., 

New  Shanghai  Heating  &  Plumbing  Co.,  Room 
330,  National  Commercial  Bank  Bldg.,  400 
ICiangse  Rd.,  Shanghai,  China. 

LONG,  Edward  J.  (S  1939)  Student  (for  mail) 
Carnegie  Institute  of  Technology,  6203  Monitor 
St.,  Pittsburgh,  Pa.,  and  327  S.  Douglas  Ave., 
Springfield,  111. 

LONG,  Herbert  P.  (M  1038)  Sales  Engr.  (for  mail) 
Buffalo  Forge  Co.,  490  Broadway,  Buffalo,  and 
336  Stillwcll  Ave.,  Kenmore,  N.  Y. 

LONG,  Wayne  E.  (M  1935)  Prof.,  Mech.  Engrg., 
A.  &  M.  College  of  Texas.,  College  Station,  Tex. 

LONGCOY,  Grant  B.  (M  1933)  Engr.,  Joseph 
Breslove,  Cons.  Engr.,  845  Leader  Bldg.,  Cleve- 
land, and  (for  mail)  1215  Ramona  Ave.,  Lake- 
wood,  O. 

LOO,  PlnjJ  Yok  (M  1933)  Gen.  Mgr.  (for  mail) 
China  Engineering  Co.,  30  Brenan  Rd.,  Shanghai, 
and  271-73  Dunbarton  Rd.,  Tientsin,  China. 

LOUCKS,  David  W.  (A  1930)  Supvr.,  Commercial 
Elec.  &  Steam  Sales  (for  mail)  Duquesne  Light 
Co.,  435  Sixth  Ave.,  and  1049  Osage  Dr.,  Wilkins- 
burg,  Pittsburgh,  Pa. 
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OLVANY,  William  .1.  (M  1912)  Pres.,  Wm  J, 
Olvuny,  Inc.,  100  Charles  St.,  New  York,  N.  Y. 

O'NEILL,  James  W.  (M  ,1920;  A  1927;  J  1925) 
Chief  KriRr.,  Trane  Co.  of  Canada,  Ltd.,  4 
Mowut  Ave,,  and  (for  mail)  55  Highvicw  Cres- 
cent, Toronto,  Ont,  Canada. 

CONK,  William  J.  (M  1037)  Diat.  Mgr.,  B.  F. 
Sturtevant  Co.,  915  Olive  St.,  and  (for  mail) 
4f>48  Red  Hud  Ave.,  St.  Louis,  Mo. 

OOSTKN,  Louis  S.  (J  1938)  Chief  Draftsman, 
Hell  &  GoHHCtt  Co.,  8000  Wallace  St.  S.,  and  (for 
mail)  114  Kant  Kensington  Avc.,  Chicago,  111. 

O'REAR,  Lawrence  R,  (M  1934)  Prca,  (for  mail) 
Mitlwt'.st  Plumbing  &  Heating  Co.,  2450  Blake 
St.,  and  8033  Went  37th  Ave.,  Denver,  Colo. 

ORGAN,  Frederick  (M  1939)  Archt.  (for  mail) 
3724  Mttflon  St.,  Omaha,  Nebr. 

ORGKLMAN,  Cfcorfte  Henry  (,S  1940)  10  Pearl 
St.,  Danbury,  Conn, 

ORMXSTON,  Jack  B.  (A  1940)  Owner  (for  mail) 
Orminton  Plumbing  &  Heating  Co.,  105  Manning 
Ave.,  and  1  Oramatan  Dr.,  Yonkers,  N,  Y. 

O'ROURKK,  Uufth  I).,  Jr.  (J  1937;  S  1930) 
Asat.  Mgr.,  Unit  floater  Dept,,  McCord  Radiator 
&  Mftf,  <-o.,  2f>87  K.  Grand  Blvd.,  and  (for  mail) 
I4U02  Wark  Ave.,  Detroit,  Mich. 

ORR,  George  M.  (M  1930)  Pres.  (for  mail)  G,  M. 
Orr  &  Co.,  542  Baker  Arcade  Bldg.,  and  1100 
Weat  53rd  St.,  Minneapolis,  Minn. 

ORR,  Leiahton*  (M  1937)  Research  Engr,, 
Pittsburgh  Plate  Glaus  Co.,  Research  Laboratory, 
CrciKhton,  and  (for  mail)  111,0  Cambridge  St., 
Turentum,  Pa. 

OSBORN,  Wallace  J.  (A  1927)  Vice-Prea,,  Kceney 
Publirthinp!  Co.,  1734  Grand  Central  Terminal 
BldK,,  Now  York,  N.  Y.,  and  (for  mail)  1029  Old 
PoHt  Rd.,  Kairiield,  Conn. 

OSBORNK,  Gurdon  H.  (A/  1922)  Managing  Dir., 
The  Ventilating  &  Blow  Pipe  Co.,  Ltd.,  714  St. 
Maurice  St.,  and  (for  mail)  83(5  Pratt  Ave., 
Outremont,  Montreal,  Quo.,  Canada. 

OSBORNK,  Stanley  R.  (M  1939)  Diat.  Sales  Mgr, 
(tor  mull),  B.  F,  Slurtovsint  Co,,  220  Delaware 
Ave,,  Buffalo,  and  192  Euclid  Ave.,  Kenmore, 
N,  Y. 

OSTDAHL,  Harold  E.  (J  1941;  S  1939)  Research 
Knur,  (for  mail)  Remington  Arma  Co.,  Research 
Lab.,  Bridgeport,  and  280  California  St.,  Strat- 
ford, Conn. 

OSTKK,  William  P.  (M  1940)  Vicc-Pres.  (for  mail) 
Equitable  Equipment  Co.,  Inc.,  410  Camp  St., 
and  4051  Baceich  St.,  New  Orleans,  La. 

OSTROM,  IWc  W.  (M  1937)  Chief  Engr.  Air 
Cond.  Dept.,  A/B  Svenaka  Flaktfubriken,  Kunse- 
icutan  10,  and  (for  mail)  John  Bricssonsgatan  18, 
Stockholm,  Sweden. 

OTT,  Or*m  W.  (M  1026)  (Council,  1934-30)  Con- 
uniting  Mcch.  Kngr.  (for  mail)  600  Washington 
HMg'i  Los  Angeles,  and  1462  waverly  Rd.,  San 
Marino,  Calif. 

OURUSOFF,  Leon*  (M,  1931)  M«r.  of  Utilisation, 
Washington  Gas  Light  Co.,  411  Tenth  St.  N.  W., 
Washington,  D.  C. 

OUWftNML,  William  A.  (M  1937)  Chief  Engr., 
Standard  Distributing  Corp.,  400  E.  Wells  St., 
Milwaukee,  and  (for  mail)  801  Marshall  Ave., 
South  Milwaukee,  Wis, 

OVKRTON,  Sidney  XL  (M  1929)  Repr.  N.  V. 
Rttditttorcn,  Amsterdam,  P.  O.  Box  5985,  Johan- 
mwburtf,  South  Africa. 

OWEN,  Jdf  Davia  (M  1937)  Utility  Erijrr.,  U.  S. 
Army  (Q.  M.  C.),  March  Field,  and  (for  mail) 
4003  Sixth  St.,  Riverside,  Calif. 

OWINGS,  Horace  L.  (A  1940)  Air  Cond.  Engr. 
(for  mail)  Houston  Natural  Gas  Corp.,  P.  0.  Box 
1188,  and  1305  McGowan,  Houston,  Tex. 


PABST,  Charles  S.  (M  1934)  Pres.  &  Mgr., 
Pabat  Air  Conditioning  Corp.,  55  West  42nd  St., 
New  York,  and  (for  mail)  8727-98th  St.,  Wood- 
haven,  L.  1.  ,N.  Y. 


PAETZ,  George  A.  (S  1940)  Engrg.  Dept.,  Link 
Belt  Co.,  220  S.  Belmont,  and  (for  mail)  3308 
College  Ave.,  Indianapolis,  Ind. 

PAETZ,  Herbert  E.  (M  1922)  Div.  Sales  Mgr., 
American  Blower  Corp.,  632  Fiaher  Bldg.,  and 
(for  mail)  1415  Parker,  Detroit,  Mich. 

PAGE,  Arvin  (M  1935)  Chief  Engr.  (for  mail) 
The  Bahnaon  Co.,  1001  S.  Marshall  St.,  and 
628  Roslyn  Rd.,  Winston-Salem,  N.  C. 

PAGE,  Harry  W.  (M  1923)  Pres.  (for  mail)  Wis- 
consin Equipment  Co.,  918  N.  Fourth  St., 
Milwaukee,  and  7927  Warren  Ave.,  Wauwatosa, 
Wis. 

PAGE,  Vernon  C.  (A  1936)  Mgr.,  Air  Cond.  Div. 
(for  mail)  Fitzgibbona  Boiler  Co.,  Inc.,  101  Park 
Ave.,  New  York,  and  The  Scarswold,  Scarsdale, 
N.  Y. 

PAINE,  H.  Allan  (J  1940)  Mech.  Engr.,  Healy 
Plumbing  &  Heating  Co.,  Inc.,  278  W.  Kellogg 
Blvd.,  and  (for  mail)  452  Hamline  Ave.  S., 
St.  Paul,  Minn. 

PAQUET,  Jean-Marie  (A  1940;  J  1930)  Civil 
Engr.,  J.  A.  Y.  Bouchard,  Inc.,  97  Cote  d' Abra- 
ham, and  (for  mail)  7  Ave.  Belvedere,  Apt.  2, 
Quebec,  Que.,  Canada. 

PARENT,  Harold  M.  (M  1938)  Partner  (for  mail) 
Parent  &  Kirkbride,  N.  W.  Cor.  Fourth  & 
Locust  Sts.,  Philadelphia,  Pa.,  and  324  Pitman 
Ave.,  Pitman,  N.  J. 

PARK,  Harold  E.  (A  1938;  J  1936)  Sales  Engr. 
(for  mail)  Shaw-Perkins  Manufacturing  Co., 
3645  Oliver  Bid*.,  Pittsburgh,  and  43  W.  Sixth 
St.,  Aspinwall,  Pa. 

PARK,  J.  Frank  (M  1937;  ,4  1936;  J  1930)  Sales 
Engr.  (For  mail)  Western  Air  &  Refrigeration, 
Inc.,  1234  S.  Grand  Ave.,  and  2100  Kenilworth 
Ave.,  Los  Angeles,  Calif. 

PARK,  Nicholas  W.  (M  1930)  Htg.  Engr., 
Philadelphia  Saving  Fund  'Society,  Real  Estate 
Dept.,  12  South  12th  St.,  Philadelphia,  and  (for 
mail)  509  Jericho  Rd.,  Abington,  Pa. 

PARKER,  Dudley  F.  (M  1930)  Sales  Engr.  (for 
mail)  Nash  Engineering  Co.,  420  Lexington 
Ave.,  New  York,  N.  Y.,  and  Morristown,  N.  J. 

PARKER,  Richard  A.  (A  1938)  Pres.  (for  mail) 
Parker- Carpenter,  Inc.,  991  Bryant  St.,  and  1464 
Francisco  St.,  San  Francisco,  Calif. 

PARKERSON,  William  (M  1940)  Partner  (for 
mail)  Air  Control  Engineering  Co.,  609  Baronne 
St.,  and  2105  General  Pershing,  New  Orleans,  La. 

PARKINSON,  John  S.*  (A  1940)  Research  Engr. 
(for  mail)  Johns-Manville  Corp.,  Johns-Manvillc 
Research  Labs.,  Manvillc,  N.  J. 

PARKS,  Charles  E.  (M  1937)  Dist.  Mgr.  (for  mail) 
llg  Electric  Ventilating  Co.,  80)5  Professional 
Bldg.,  and  284  W.  Steuben  St.,  Crafton,  P.  0., 
Pittsburgh,  Pa. 

PARRILLI,  Roberto  (M  1938)  European  Tech. 
Repr.,  Nash-Kelvinator  Corp.,  Via  Colonnetta  2, 
Milan,  Italy. 

PARROTT,  Lyle  G.  (M  1922)  Consulting  Engr. 
(for  mail)  Snyder  &  McLean,  2308  Penobscot 
Bldg.,  and  3788  Gladstone,  Detroit,  Mich. 

PARSONS,  Leonard  D.,  Jr.  (/  1937;  S  1936) 
Combustion  Engr.,  Sears,  Roebuck  &  Co.,  925 
S.  Homan  Ave.,  Chicago,  and  (for  mail)  795 
Park  Blvd.,  Glen  Ellyn,  111. 

PARSONS,  Ro&er  A.  (J  1933)  Htg.  Engr.  (for 
mail)  Board  of  Water  &  Electric  Light  Com- 
missioners, 114-110  W.  Ottawa  St.,  and  2609 
Clifton  St.,  Lansing,  Mich. 

PARTLAN,  Robe'rt  L.  (J  1940)  Partner  &  Secy.- 
Treas.  (for  mail)  Partlan  Sheet  Metal  Works, 
14268  Gocldard  Ave.,  and  20432  Yacama  Ave. 
Detroit,  Mich. 

PARVIS,  Ralph  S.  (U  1938)  Mgr.,  Diamond  Ice 
&  Coal  Co.,  827  Market  St.,  and  (for  mail) 
2128  Biddle  St.,  Wilmington,  Del. 

PASTOR,  John  C.  (M  1938)  1091  Talbot  Ave., 
Jacksonville,  Fla. 
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SPENCER,  Warner  E.  (A  1938)  Repr.,  National 
Radiator  Co.,  220  Delaware  Ave.,  Buffalo,  N,  Y, 

SPIKLMANN,  Gordon  P.  (A  1931;  J  1923)  Vice- 
Pros,  (for  mail)  Harrison-Spic'lmann  Co,,  480 
Milwaukee  Ave.,  Chicago,  and  730  N,  Prospect 
Ave.,  Park  Rid«e,  111. 

SPIT2XKY,  Joseph  H.  (J  1939)  Teat  Dept., 
General  Electric  Co.,  1  River  Rd.,  and  (for  mail) 
1032  Keyca  Ave.,  Scheneetady,  N.  Y. 

SPITZLEY,  RayL.  (M  1920)  Prea.  (for  mail)  R,  L. 
SpiUlt'y  Heating  Co.,  1200  W.  Fort  St.,  Detroit, 
and  20  Remind  Rd.,  Groase  Pointe  Shores,  Mich. 

SPOERR,  Frank  F.  (J  1937)  Chief  Engr,,  Hearnen 
Air  Si  Water  Conditioning,  S.  Warren  &  W.  Front 
St.,  Trenton,  N.  I,,  and  (for  mail)  140-19  Queens 
Blvd.,  Jamaica,  L,  I.,  N.  Y. 

SPOFFORTH,  Walter  (M  1930)  Chief  of  Mech. 
Services,  Federal  Penitentiary,  McNeil  Island, 
and  (for  mail)  015  North  Ainsworth  Ave., 
Tacoma,  Wanh. 

SFRKKKLMEYER,  J.  M.  (M  1938)  Prea.  (for 
mail)  General  Engineering  Corporation,  301  Weat 
13th  St.,  and  1912  Benhall  Court,  Fort  Worth, 
Tex. 

SPROULL,  Howard  E.  (M  1920)  Div.  Sales  Mgr. 
(for  mail)  American  Blower  Co,,  1005-6  American 
Hldtf.,  and  3588  Raymar  Dr.,  Cincinnati,  0. 

SPURGEON,  Joseph  H.  (U  1924)  Sales  Engr. 
(for  mail)  Spurgoon  Co.,  .5-203  General  Motors 
Bldg,,  and  17215  Ponnington  Dr.,  Detroit,  Mich. 

SPURNEY,  Felix  E.  (A  1938)  Bldg.  Mgr.,  Board 
of  Governors,  Federal  Reserve  System,  Wash- 
ington, D.  C.,  and  (for  mail)  28  W.  Baltimore  St., 
Kensington,  Md. 

STAGEY,  Alfred  E.,  Jr.*  (M  1914)  Vice-Pres., 
Buenaorl-Stacey  Air  Conditioning,  Inc.,  00  East 
42ncl  St.,  New  York,  N.  Y.,  and  (for  mail)  35 
Wooton  Rd.,  Knsex  Felle,  N.  J, 

STACK,  Arthur  E,  (A  1935)  Asst.  Mgr.,  Utili- 
sation Dept,,  Washington  Gas  Light  Co.,  411 
Tenth  St.  N,  W,,  Washington,  D.  C.,  and  (for 
mail)  OU  Gist  Ave,,  Silver  Spring,  Md. 

STACY,  L.  David  (A  1930)  Sales  Engr.,  Tig 
Klectric  Ventilating  Co.,  222  N.  LaSalle  St., 
Chicago,  and  (for  mail)  R.  F.  D.  Prospect 
Heights,  Mount  Prospect,  111. 

STACY,  Stanley  C.  (M  1031)  Mech.  Engr.  (for 
mail)  Board  of  Education,  13  S.  Fitzhugh  St., 
and  531  Wellington  Ave,,  Rochester,  N.  Y. 

STAFFORD,  J.  Fuller  (A  1038)  Owner,  J.  Fuller 
Stafford,  Steam  Specialties,  519  N.  Snclling  Ave., 
St.  Paul,  and  (for  mail)  2925™33rd  Ave.  S., 
Minneapolis,  Minn, 

STAFFORD,  Thomas  IX  (A  1937)  Sccy.-Mgr., 
Alexander-Stafford  Corp.,  313-19  Allen  St.  N.  W,, 
and  (for  mail)  054  Ogclen  Ave.  S.  E.,  Grand 
Rapids,  Mich. 

STAML,  Walter  A.  (U  1938)  Operating  Mgr.  (for 
mail)  The  Mwchandsic  Mart,  Marshall  Field  & 
Co.,  222  N.  Bank  Dr.,  Chicago,  and  2504  Har- 
rison St.,  Evanston,  111. 

STAMMER,  Edward  L.  (M  1919)  Supt.  Htg.  &  Vtg. 
Repairs,  Board  of  Education,  Oil  Locust  St.,  and 
(for  mail)  4430  Tennessee  Ave.,  St.  Louis,  Mo. 

STANDRING,  Ronald  A.  (J  1938)  Htg.  Designer, 
(for  mail)  Gurney  Foundry  Co.,  Ltd.,  100 
Principal  St.,  St.  Laurent  de  Montreal,  and  2358 
Leclaire  St.,  Maisonneuve,  Montreal,  Que., 
Canada, 

STANGER,  R,  B,  (M  1920)  Prop,  (for  mail) 
Robinson  &  Stanger,  Empire  Bldg.,  Pittsburgh, 
and  Middle  Rd.,  Glenshaw,  Pa. 

STANGLE,  William  H.  (M  1940)  Mgr.,  New 
Products  Div.,  Servel ,  Inc.,  18th  Floor,  51  East 
42nd  St.,  New  York,  and  (for  mail)  111-03 
Seventy-Sixth  Ave.,  Forest  Hills,  L.  I.,  N.  Y. 

STANLEY,  Robert  L.  (M  1938)  Engr.,  Holly 
Heating  &  Manufacturing  Co.,  1000  S,  Fairbanks 
Ave.,  S.  Pasadena,  and  (for  mail)  2518  Dearborn 
Dr*,  Loa  Angelevs,  Calif. 

ST ANTON,  Harold  W.  (M  1938)  Commercial 
Engr.  (for  mail)  Iowa-Nebraska  Light  &  Power 
Co.,  and  2100  Ryona  St.,  Lincoln,  Nebr. 


STARK,  Clarence  E.  (A  1939)  Vice-Pres.,  Mont- 
clair  Plumbing  Supply  Co.,  83-101  Walnut  St., 
Montclair,  and  (for  mail)  237  Sherman  Ave., 
Glen  Ridge,  N.  J. 

STARK,  W.  E.*  (M  1926)  Regional  Mgr.,  The 
Bryant  Heater  Co.,  17825  St.  Clair  Ave.,  Cleve- 
land, and  (for  mail)  1875  Rosemont  Rd.,  East 
Cleveland,  0. 

STASZESKY,  Francis  M.  (S  1938)  Student  (for 
mail)  Massachusetts  Institute  of  Technology, 
Cambridge,  Mass.,  and  10  Roselawn  Ave.' 
Roselle,  Wilmington,  Del. 

STAUFFER,  James  E.  (S  1940)  Student  (for  mail) 
Carnegie  Institute  of  Technology,  624  Clyde  St., 
Pittsburgh,  Pa.,  and  2000  N.  Main  St.,  Dayton, 
O. 

STEEL,  R.  Justin  (A  1938)  Mgr.  Htg.  &  Air 
Cond.  Dept.  (for  mail)  Wilmington  Auto  Sales 
Co.,  221  W.  Tenth  St.,  Wilmington,  and  175 
W.  Main  St.,  Newark,  Del. 

STEELE,  John  B.  (M  1932)  Chief  Operating 
Engr.,  Winnipeg  School  Board,  Ellen  and 
William  Ave.,  and  (for  mail)  184  Waterloo  St., 
River  Heights,  Winnipeg,  Man.,  Canada. 

STEFFNER,  Edward  F.  (A  1937;  J  1034)  Htg.  & 
Air  Cond.  Engr.,  The  Henry  Furnace  &  Foundry 
Co,,  3471  East  49th  St.,  Cleveland,  and  (for  mail) 
1429  East  133rd  St.,  East  Cleveland,  O. 

STEGGALL,  Howard  B.  (A  1934)  Br.  Mgr.  (for 
mail)  United  States  Radiator  Corp.,  941  Behan 
St.,  and  1166  Murrayhill  Ave.,  Pittsburgh,  Pa. 

STEIN,  Jerome  (S  1940)  Estimator,  Torringt9n 
Supply  Co.,  Inc.,  125  Maple  St.,  and  (for  mail) 
750  Waterville  St.,  Waterbury,  Conn. 

STEINHORST,  Theodore  F.  (M  1919)  Pres.  (for 
mail)  Emil  Steinhorst  &  Sons,  Inc.,  612  South 
St.,  and  1664  Brinckerhoff  Ave.,  Utica,  N.  Y. 

STEINKE,  Bernard  J.  (J  1940;  S  1937)  Htg.  & 
Vtg.  Engr.,  16  W.  Palisade  Ave.,  Englewood,  and 
(for  mail)  Harrington  Ave.,  Closter,  N.  J. 

STEINMETZ,  C.  W.  Arthur  (M  1934)  Office 
Mgr.  (for  mail)  American  Blower  Corp.,  249 
High  St.,  Newark,  and  50  Oakwood  Ave., 
Bogota,  N.  J. 

STELLWAGEN,  Frank  G.  (A  1937)  Sales,  Fitz- 
gibbons  Boiler  Co.,  Inc.,  101  Park  Ave.,  New 
York,  and  (for  mail)  8637-77th  St.,  Woodhaven, 
L.  I.,N.  Y. 

STE.  MARIE,  Gaston  P.  (M  1930)  Examiner 
Technician  (for  mail)  Dept.  of  Labour,  Quebec 
Provincial  Government,  97  Notre  Dame  St.  E., 
and  5329  Duquette  Ave.,  N.  D.  G.,  Montreal, 
Que.  Canada* 

STENGEL,  Reinhold  Arthur  (M  1938)  Chief 
Engr.  (for  mail)  Canadian  Ice  Machine  Co.,  Ltd., 
65  Villiers  St.,  and  45  Willowbank  Blvd.,  Toronto, 
Ont.,  Canada. 

STENGEL,  Frank  J.  (A  1935)  Secy,  (for  mail) 
R.  F.  Stengel  &  Son,  76-80  Rosehlll  PI.,  Irvington, 
and  Mountain  Ave.,  Murray  Hill,  N.  J. 

STEPHENSON,  James  R.  (A  1940)  (for  mail) 
J.  R.  Stephenson  &  M.  M.  Perry,  311  Bank  of 
Nova  Scotia  Bldg.,  and  647  Strathcona  St., 
Winnipeg,  Man.,  Canada, 

STEPHENSON,  Lewis  A.  (M  1917)  Mgr.  (for 
mail)  The  Powers  Regulator  Co.,  409  East  13th 
St.,  and  801  West  57th  Terrace,  Kansas  City,  Mo. 

STERMER.  Clarence  J.  (M  1930)  Engr.,  Crane 
Co.,  836  S.  Michigan  Ave.,  and  (for  mail)  7839 
Clyde  Ave.,  Chicago,  HI. 

STERNBERG,  Edwin  (A  1932;  J  1931)  Air  Cond. 
Engr.,  Armo  Cooling  &  Ventilating  Co.,  30  West 
15th  St.,  and  (for  mail)  16  East  98th  St.,  New 
York,  N.  Y. 

STERNE,  Cecil  M.  (A  1934)  Chief  Engr.,  Metro- 
politan Refining  Co.,  Inc.,  50-23-23rd  St.,  Long 
Island  City,  L.  L,  N.  Y. 

STERNER,  Douglas  S.  (A  1940;  J  1938;  A  1936) 
Br.  Mgr.  Elec.  Div,  (for  mail)  Barber-Colman 
Co.,  78  Baker  St.  N.  W.,  and  1428  Peachtree  St. 
N.  E.,  Atlanta,  Ga. 

STETSON,  Lawrence  R.  (M  1913)  Engr.  (for 
mail)  McMurrer  Co.,  303  Congress  St.,  Boston, 
and  35  Bradfield  Ave.,  Roslindale,  Mass. 


63 


ROLL  OF  MEMBERSHIP 


ZACK,  Hans  J.  (M  1928)  Pres,,  The  Zack  Co., 
2311  Van  Buren  St.,  Chicago,  111. 

ZAJCI,  Hussein  M.  (/  1941;  A1 1940)  Architectural 
Engr.,  Purdue  Housing  Research,  Housing  Re- 
search Foundation,  Purdue  University,  Lafayette, 
and  (for  mail)  12U  S,  Grunt  St.,  West  Lafayette, 
Ind. 

ZEMELMAN,  Irving  M.  (J  1041;  5  1939)  Asst. 
Engr,,  Sears-Roebuck  &  Co.,  Port  Newark,  and 
(for  mail)  87  Sehuyler  Ave.,  Newark,  N.  J. 

2IBOLD,  Carl  E.  (M  1929)  Mech.  Engr.,  Htg.  & 
Vtg.,  13  Chad  wick  Rd.,  Westminster  Ridge, 
White  Plains,  N,  Y. 

ZIKBKR,  W.  E.  (M  1935)  Dir.  of  Research  (for 
mail)  York  Ice  Machinery  Corp.,  York,  Pa. 

ZIESSE,  KarlL.  (A  1931)  Secy.-Treas.  (for  mail) 
Phoenix  Sprinkler  &  Heating  Co.,  115  Campau 
Ave.  N.  WM  and  815  Hampton  Ave.  S.  E.,  Grand 
Rapida,  Mich. 

ZIMMERMAN,  Alexander  H.  (M  1939;  A  1930) 
Ventilation  Engr.,  Chicago  Dept.  of  Health,  54 
W.  Hubbard  St.,  and  (for  mail)  6259  N.  Fran- 
cisco Ave.,  Chicago,  111, 


ZINK,  David  D.  (M  1931)  Engr,-Mgr.,  Air  Cond. 

Dept.  (for  mail)  B.  D.  R.  Engineering  Corp., 

3316    Broadway,    Kansas   City,   and   Hickman 

Mills,  Mo. 
ZOKELT,  Carl  G.  (M  1921)  Consulting  Engr,, 

3810-24th  Ave.  S.,  Seattle,  Wash. 
ZQLITSCH,  Harry  G.  (A  1938)  Partner  (for  mail) 

George  J.  Zolitsch  &  Son,  123  Grape  St.,  and  392 

Sanders  Rd.,  Buffalo,  N.  Y. 
ZUBER,  Otto  G.  (A  1938)  Chief  Engr.  (for  mail) 

Amana  Society,  Amana,  and  South  Amana,  la. 
ZUHLKE,  William  R.  (M  1928)  Hoffman  Specialty 

Co.,  77  Bedford  St.,  Stamford,  Conn. 
ZUMWALT,  Ross  (A  1941;  /  1938)  Partner  (for 

mail)   Zumwalt  &  Vintner,  507  Thomas  Bldg., 

Dallas,  Tex. 
ZUROW,  William  (J  1937)  Sales  Engr.,  St.  Joseph 

Railway,  Light,  Heat  &  Power  Co.,  520  Francis 

St.,  and  (for  mail)  728  S.  Tenth  St.,  St.  Joseph, 

Mo. 
ZWALLY,  August  L,  (4  1937)  Chief  Air  Cond. 

Engr.,  Interstate  Electric  Co.,  and  (for  mail)  908 

Elmwood  St.,  Shreveport,  La. 


SPECIAL  SERVICE  ROLL 


BISHOP,  Joseph  W.  (M  1039)  Mgr.,  Air  Cond. 
Div.,  Toronto  Diet,  (for  mail)  Canadian  General 
Ktactric  Co.,  Ltd,,  214  KinK  St.  W.,  Toronto,  and 
02  Highland  Crescent,  R.  K.  2,  York  Mills,  Ont., 
Canada. 

BOOMER,  Emmanuel  (M  1937)  Head  of  Tech. 
Dept.,  KtabHsaementB  Dieny  &  Lucas,  223, 
Boulevard  Pereire,  and  (for  mail)  20,  Rue  Leon, 
Paris,  France. 

BUTT,  Roderick  E.  W-   (A  1930;  J  1930)  605 

Beatty  House,  Dolphin  Square,  London,  S.  W.  1, 
England, 

CALVRR,  Robert  W.  (A  1037)  77  Queen  St., 
Kirkhmd  Lake,  Ont.,  Canada. 

FOSTER,  Philip  II.  (A  1037)  Business  Mgr., 
Hudson  Bay  Plumbing  Co.,  Flin  Flon,  Man., 
Canada. 


FOX,  John  H.  (M  1935)  Sales  Engr.  (for  mail) 
Minneapolis-Honeywell  Regulator  Co.,  Ltd.,  117 
Peter  St.,  and  37  Macdonell  Ave,,  Toronto,  Ont., 
Canada. 

JOHNS,  Charles  F.  (M  1939;  A  1931)  Flight 
Lieutenant,  Royal  Canadian  Air  Force  Head- 
quarters, Jackson  Bldg.,  and  (for  mail)  120 
Wurtemburg  St.,  Ottawa,  Ont,,  Canada. 

PENNOCK,  William  B.  (M  1927)  Pennock 
Engineering,  63  Queen  St.,  and  (for  mail)  243 
McLeod  St.,  Ottawa,  Ont.,  Canada. 

PRICE,  Ernest  H.  (M  1939;  A  1937;  J  1934; 
S  1932)  Engr.,  W.  G.  Chester  &  Son,  179  Ban- 
natyne  Ave.,  and  (for  mail)  170  Harbison  Ave., 
Winnipeg,  Man.,  Canada. 

PKYKE,  John  K.  M.  (A  1937)  c/o  Mrs.  J.  K.  M. 
Pryke,  140  East  Slat  St.,  New  York,  N.  Y. 

SMITH,  Gerald  E.  (J  1938)  52  Parkway  Ave., 
Toronto,  Ont.,  Canada, 


73 


ROLL  OF  MEMBERSHIP 

Croton-— 

Franck,  P. 

Mt.  Vernon  — 

Hoffman,  C.  S. 

Elliott,  I. 

(Jackson  Heights) 

Cullin,  W.  W. 

Honerkamp,  F. 

D  0  wit  t—  " 

Freeman,  A.  W 
(Jackaon  Heights) 
Fritz,  C.  V. 

Freitag,  F,  G. 
Herske,  A,  R. 
Morse,  F.  W. 

Hoeking,  H.  L. 
Hotchkiss,  C.  H,  B. 
Hyman,  W,  M. 

Kcan«,  G.  F* 

(Freeport) 
Gcbcl,  K,  M. 

d'Issertelle,  H.  G. 
Jacobus,  D.  S. 

(Rockaway  Beach) 
Graber,  E. 

New  Rochelle— 

James,  J.  W. 

Tin  no     XA/     A 

Pobbs  Perry-— 
Hewett,  J.  B, 

(Dou'glaeton) 
Hiers,  C.  R. 

(Groat  Neck) 
Hlrscli,  M,  H. 

Abrams,  A. 
Fitz,  J.  C. 
Mank,  M. 
Virrill,  G.  A. 

janos,  w.  /\. 
Jarcho,  M.  D. 
Johnson,  H.  S. 
Kaczenski,  C. 
Kahn,  C.  R  ,  Jr. 

(Forcnt  Hills) 

Rose,  H.  J. 

Kepler,  D.  A. 

Dunkirk— 

Hol.and,  G,  R. 

Kimball,  D.  D. 

Mayne,  W,  L, 

(Jackson  Heights) 
Ivcrstrom,  C, 

New  York- 

Kingsland,  G.  D.. 
Koehler,  C,  S. 

(Jackaon  Heights) 

Adams,  E,  E. 

Kreiner,  J. 

Bden— 

Ensign,  W,  A, 

Jalonack,  I.  G. 
(Jamaica) 
Kadel,  G,  B. 

Addams,  H. 
Addington,  H.  B. 
Adler,  H. 

Kuhlmann,  R. 
Kurth,  F.  J. 
Lawrence,  F.  D. 

(Valley  Stream) 

Akers,  A.  W. 

Lee,  B.  H. 

Kaiaer,  C.  W. 

Ambrose,  E.  R. 

Lucke,  C.  E. 

Elmlra-"- 

(Woodslde) 

Ashley,  E.  E. 

MaGee,  K,  B, 

Da  via,  B.  C, 

Keller,  G.  A. 
(Wantagh) 

Baker,  W.  H.,  Jr. 
Barbieri,  P.  J. 

Markush,  E,  U. 
Martens,  E.  D. 

Kern,  J.  F.,  Jr. 

Baum,  A.  L, 

Martin,  G.  W. 

(Klmhurat) 

Bearrnan,  A.  A. 

McCann,  F.  D. 

Ha8tiii£s-on-IIud8on 

Kunen,  H.  K. 

Beebe,  F.  E.  W, 

McClintock,  W. 

Reynold®,  T.  W. 

(Kew  Gardens) 

Bennett,  E.  A. 

Meinke,  H.  G. 

Irvington— 

Lane,  D.  D. 
(Klmhurst) 
Lang,  J. 
(Richmond  Hill) 

Berman,  L.  K. 
Blackmore,  J.  J. 
Bodinger,  J.  H. 
Bolton,  R.  P. 

Meyer,  H.  C.,  Jr.. 
Milener,  E.  D. 
Miller,  C.  A. 
Miller,  J. 

Bastedo,  A.  K. 

LaRaus,  J. 

Bond,  H.  H. 

Morro,  J.  J. 

(Jackson  Heights) 

Brown,  D. 

Mumford,  A.  R. 

Ithaca—" 

Lewis,  C.  A. 
(College  Point) 

Buensod,  A.  C. 
Carpenter,  R.  H. 

Munier,  L.  L. 
Munkelt,  F.  H. 

Kllwood,  W.  H, 
Frederick,  H,  W. 
Sawdon,  W.  M. 
William*.  J.  W, 
Woods,  &,  H. 

MacWatt,  D.  A. 
(Great  Neck) 
Magnueson,  N. 
(Jamaica) 
Matssen,  H.  B. 
(Rockvllle  Centre) 

Chase,  C.  L. 
Chester,  T. 
Citron,  D,  J. 
Clay,  W. 
Cucci,  V.  J. 
Daly,  R.  E. 

Offner,  A.  J. 
Oldes,  W.  E.  A.  E. 
Olson,  R.  G. 
Olvany,  W.  J. 
Page,  V.  C. 
Parker,  D.  F. 

McLeish,  W.  S. 

Darts,  J.  A. 

Patorno,  S.  A.  S. 

IConmore— 

(Flushing) 
Meyer,  C,  L. 

Davis,  C. 
Davison,  R.  L. 

Place,  C.  R. 
Pollak,  R, 

Cantlec,  B,  C. 
Criqui,  A,  A. 
Heikkila,  K.  E. 
Mollcnbera,  H,  J. 
Sommers,  W,  J, 
Strode,  S.  W. 

(Hollia) 
Olaen,  G.  E. 
(Arverne) 
Pabst,  C.  S. 
(Woodhaven) 
Rainson,  S, 
(Port  Washington) 

Dee,  L.  H. 
Demarest,  R.  T. 
Denny,  H,  R. 
Deterling,  W-  C. 
Dodge,  H.  A. 
Donnelly,  R. 
Downs,  C.  R. 

Purinton,  D.  J. 
Pryke,  J.  K.  M. 
Quirk,  C.  H. 
Raisler,  R.  K. 
Rather,  M.  F. 
Reid,  H.  P. 
Reis,  R. 

Ranssinger,  G. 

Eadie,  J.  G. 

Reynolds,  W.  V.. 

(Whitestone) 

Eder,  J. 

Ritter,  A. 

Lockport-— 

Raynls,  T. 

Elliott,  L. 

Rosenberg,  P. 

Saundera,  L.  F. 

(Manhasset) 
Richfield,  N,  H. 

Engle,  A. 
Faile,  E.  H. 

Ross,  J.  O. 
Roth,  C.  F. 

(Floral  Park) 

Farley,  W.  F. 

Ryan,  H.  J. 

Long  Island  — 

Rudd,  D.  J. 
(Babylon) 

Feder,  N. 
Feldrnan,  A.  M. 

Salter,  E.  H, 
Samuels,  S. 

Alt,  H,  L. 
(St,  Albans) 

Aptf  S.  R. 

Schwartz,  M. 
(Far  Rockaway) 
Sherbrooke,  W,  A. 

Fiedler,  H.  W. 
Firestone,  M.  T. 
Fleisher,  W.  L. 

Sawhiil,  R.  V. 
Schechter,  J.  E. 
Schoepflin,  P.  H. 

(Flushing) 
Bachnuuin,  A.  J. 

(Kew  Gardens) 
Spoerr,  F.  F. 

Foster,  J.  G. 
Friedman,  M. 

Schulze,  B.  H. 
Scott,  G.  M. 

(Jamaica) 
Bastedo,  G.  R. 

(Jamaica) 
Stangle,  W,  H. 

Fuller,  C.  A. 
Giannini,  M.  C. 

Seelig,  A.  E. 
Sellman,  N.  T. 

(Richmond  Hill) 
Blackburn,  E.  C.,  Jr. 
(Garden  City) 
Bloom,  L, 
(Freeport) 
Bonthron,  R.  C. 

(Forest  Hills) 
Stellwagen,  F.  G. 
'Woodhaven) 
Sterne,  C.  M. 
(Long  Island  City) 
Thomson,  T.  N. 

Gitterrnan,  H. 
Goldsmith,  E. 
Gordon,  P.  B. 
Greenburg,  L. 
Guler,  G.  D. 
Gumaer,  P.  W. 

Senior,  R.  L. 
Sklenarik,  L. 
Smith,  M.  S. 
Sobel,  F. 
Sternberg,  E. 
Stevens,  E.  K. 

(HompHteatl) 
Carbonc,  J.  H. 
(St.  Albans) 
Clark,  A.  N. 

(Huntington) 
Trambauer,  C  W. 
(Whitestone) 
Tucker,  F  N. 

Hall,  C.  J. 
Hanburger,  F.  W. 
Heckler,  S. 
Heibel,  W.  E. 

Strock,  C. 
Strunin,  J. 
Syska,  A.  G. 
Taylor,  F.,  Jr. 

(Manhaaset) 
Crone,  T.  E. 
(Jackson  Heights) 
Eastwood,  H.  F, 
(Mcrrick) 
Fischer,  L.  W. 
(Islip) 

(Freeport) 
Wallace,  G,  J. 
(East  Elm  hurst) 
Whittaker,  W.  K. 
(St.  Albans) 
Wittig,  F.  E. 
(Glenwood  Landing) 

Heller,  J,  A. 
Henry,  A.  S.,  Jr. 
Hering,  A. 
Herman,  N.  B. 
High,  J.  M. 
Hinrichsen,  A.  F. 
Hobbie,  E.  H. 

Tiltz,  B.  E. 
Timmis,  W.  W. 
Tuthill,  A.  F. 
Tyler,  R.  D. 
Vetlesen,  G,  U. 
Vroome,  A.  E. 
Wadsworth,  R.  H. 

83 


ROLL  OF  MEMBERSHIP 


1902 

Prtiidtnt   .,„„.  .  ,.„.,,,.,...,...... .A.  E.  Kenrick 

1st  Vife*Pr*sident,.,t, , Andrew  Harvey 

®nd  ViffrPftsidmt. , Robert  C.  Clarkson 

.,, , .<.„„,.... 4,  Judaon  A.  Goodrich 

, .....*...,. ..,  ...Wm.  M.  Mackay 

Board  of  Got  ernora 

Chairman,  A.  K,  Kenrick 
John  Gormly,  Viu-CHm,     J.  H.  Kinealy 
R.  C,  Currx-nter  C.  B.  J.  Snyder 

Wm.  Kent  Wm,  M,  Mtckay,  Stcy. 


1907 


President 

1st  Vice-President""" ' 
find  Vice-President... 

Treasurer 

Secretary,*, , 


C.  B.  J.  Snyder 

, James  Mackay 

, Wm,  G.  Snow 

Ulysses  G.  Scollay 

Wm.  M.  Mackay 


Board  of  Governors 

Chairman,  C.  B.  J.  Snyder 
James  Mackay,  Vice-Chm.  Frank  K.  Chew 
R.  E,  Atkinson  A.  B.  Franklin 

R.  C.  Carpenter  Wm.  G.  Snow 

Edmund  F.  Capron  Wm.  M.  Mackay.  Secy. 


1903 

, „  „..,„.,.», ......,.H.  D.  Crtne 

ttt  Viet-PruldtHt  „.,„.„„ ..Wm.  Kent 

®nd  Vic+Pratd*nt... .....,,...........»...R.  P,  Bolton 

Trtuurw, ..,„<.,,,...,,. ...*..,<,.. ......Judion  A,  Goodrich 

Stentayy*.. ...I....,,.*................ Wm.  M.  Mackay 

Board  of  Cownora 

Chairman,  H.  D.  CratM" 
C,  B.  J.  Snyder.  Vfa-Chm.  A,  E.  Kenrick 
R  C,  Carpenter  G«o,  Mehrtng 

John  Gormly  Wm.  M.  Mackay  t  Secy, 


1908 


President 

Ut  Vice-President , 

£nd  Vice-president 

Treasurer 

Secretary , 


James  Mackay 

Jaa.  D.  Hoffman 

B,  F.  Stangland 

„ Ulysses  G.  Scollay 

Wm.  M.  Mackay 


Board  of  Governors 

Chairman,  James  Mackay 
Jaa.  D.  Hoffman,  Vice-Chm.  John  F.  Hale 
B*  K.  Stangland  August  Kehm 

R.  C.  Carpenter  C.  B.  J.  Snyder 

Frank  K.  Chew  Wm.  M.  Mackay,  Secy. 


1904 

..... .Andrew  Harvey 

Jit  Wtf#<P/'*ftf«tt/..,....».............,<  » ...Jolm  Gormly 

ind  Wct*Pf*!tidiHt. Robert  C,  Cltrkion 

Trmwnr...... ...JJIysiw  G,  Scollay 

Stctttory ..«...«. »..».....,.».». wm.  M,  Mackay 

Board  Of  Govcrnars 

Chairman*  Andww  Harvty 
John  Gormly  K*  D*  Crane 

Robert  C,  Clarkgom  A.  E,  Kenrick 

J.  J.  Black  more  C,  B.  J*  Snyder 

R,  C.  Carpenter  Wm,  M.  ; 


Wm,  M.  Mtckay,  Secy. 


1909 


President 

ttt  Vice-president 

$nd  Vice-President 

Treasurer » 

Secretary, „ ... 


Wm.  G,  Snow 

August  Kehm 

B.  S.  Harrison 

Ulysses  G,  Scollay 

Wm.  M,  Mackay 


Board  of  Governors 

Chairman,  Wm.  G.  Snow 
August  Kehm,  Vice-Chm,    Samuel  R.  Lewis 
John  R.  Allen  James  Mackay 

R.  C.  Carpenter  B.  F.  Stangland 

B.  S.  Harrison  Wm.  M.  Mackay.  Secy. 


1905 


ia     „  ,„„„,, .  Win.  Kent 

'tiiVlc+Prttidtni'. ......R.  ?,  Bolton 

ind  Vic+Prttld*ni.. „..„..„.,.,.. .C.  B,  J.  Snyder 

TV<WWMW  „»..„.,. ..............................UlysieN  G.  Scollay 

Secretary ,,.t.<»M. ....»«........win,  M,  Mackay 

Bonrd  of  Governors 

Chairman,  Wm,  Kent 
R.  P,  Bolton  Jamei  Mackay 

C,  B.  J.  Snyder  B,  F,  Stangland 

B.  H.  Carpenter  J,  C,  F.  Trachwl 

A.  B,  Franklin  win.  M,  Mackay.  Secy. 


1910 

President Jas.  D.  Hoffman 

1st  Vice-president R.  P.  Bolton 

$nd  Vice-President Samuel  R.  Lewis 

Treasurer... Ulysses  G.  Scollay 

Secretary Wm.  M.  Mackay 

Board  of  Governors 

Chairman,  Jas.  D.  Hoffman 
R.  F.  Bolton,  Viee-Chm.     John  F.  Hale 
Geo.  W.  Barr  Samuel  R.  Lewis 

R.  C,  Carpenter  James  Mackay 

Judson  A,  Goodrich  Wm.  M,  Mackay,  Secy. 


1906 

President  .........  ............  ..............  . 

Ut  Vic+Pruidtnt  ................... 

ind  Vice«PmidMt  ................  . 

Treasurer 

Secretary....  .........  ........M..  ...........  . 


...John  Gormly       President., 


*., 

C.  B.  J.  Snyder 
.  ......  T.  J.  Waters 

UlyswaG.  Scollay 


Wm.  M,  Mackay 


Board  of  Governors 

Chairman,  John  Gormly 
C,  B,  J.  Snyder,  Vice-Chm.  Jamei  Mackay 
R.  C.  Carpenter  B.  F.  Stangland 

Frank  1C  Chew  T.  J.  Waters 

A.  B.  Franklin  Wm.  M.  Mackay,  Secy. 


1st  Vice-President 

fnd  Vice-President 

Treasurer — ... 
Secretary... 


1911 


R.  P.  Bolton 

John  R.  Allen 

A.  B.  Franklin 

..Ulysses  G.  Scollay 
Wm.  W.  Macon 


Board  of  Governors 

Chairman,  R.  P.  Bolton 
John  R.  Allen,  Vice-Chm.     A.  B.  Franklin 
John  T.  Bradley  Jas.  D.  Hoffman 

R.  C.  Carpenter  August  Kehm 

JanTes  H [.  Savis  Wm.  W.  Macon,  Secy. 


93 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

Steam  Heating  in  the  Sky  (Heating^  Piping  and  Air  Conditioning,  October,  1938, 
p.  631). 

Steam  Heating  for  Modern  Air  Transports,  by  Jack  McQuire  (Heating  and  Ventilating, 
February,  1939,  p.  37). 

Altitude  Conditioning  (Heating  and  Ventilating,  August,  1940,  p.  16). 

SHIPS 

Ventilation  and  Air  Conditioning  of  the  S.  S.  Panama  (Heating  and   Ventilating, 
September,  1939,  p.  47). 

Air  Conditioning  the   New   Mauretania   (Heating,    Piping  and  Air    Conditioning. 
July,  1939,  p.  431). 

Heating,  Ventilating  and  Air  Conditioning  on  Shipboard,  by  J.  H.  Clarke  (Heating, 
Piping  and  Air  Conditioning,  August,  p,  467;  September,  p.  529;  October,  p.  610,  1940). 


672 


Chapter  38 

INDUSTRIAL  AIR  CONDITIONING 

Atmospheric  Conditions  Required,  General  Requirements, 
Classification  of  Problems,  Control  of  Regain,  Moisture  Con- 
tent and  Regain,  Conditioning  and  Drying,  Control  of  Rate 
of  Chemical  Reaction,  Control  of  Rate  of  Biochemical  Re- 
actions, Control  Rate  of  Crystallisation,  Elimination  of  Static 
Electricity 

IN  the  application  of  air  conditioning  to  industrial  processes,  too  much 
stress  cannot  be  laid  upon  a  thorough  understanding  by  the  air  con- 
ditioning engineer  of  the  problems  involved.    A  complete  knowledge  of 
these  problems  is  necessary  before  a  satisfactory  design  can  be  made. 
Individual  processes  and  machines  are  changing  rapidly  and  air  con- 
ditions must  be  constantly  revised  to  meet  the  new  conditions. 

ATMOSPHERIC  CONDITIONS  REQUIRED 

The  most  desirable  relative  humidity  during  processing  depends  upon 
the  product  and  the  nature  of  the  process.  As  far  as  the  behavior  of  the 
material  itself  and  its  desired  final  condition  are  concerned,  each  material 
and  process  presents  a  different  problem.  The  best  relative  humidity  may 
range  up  to  100  per  cent.  Similarly  the  most  desirable  temperature  may 
range  between  wide  limits  for  different  materials  and  treatments.  Ex- 
tremes in  either  relative  humidity  or  temperature  require  relatively 
expensive  equipment  for  maintaining  these  conditions  automatically. 
In  departments  where  people  are  working,  their  health,  comfort,  and 
productive  efficiency  must  be  considered  and  often  a  compromise  between 
the  optimum  conditions  for  processing  and  those  required  for  the  comfort 
of  the  worker  is  desirable. 

It  is  generally  considered  that  relative  humidities  below  40  per  cent 
are  on  the  dry  side,  conducive  to  low  regains,  a  brittle  condition  of  fibrous 
materials,  prevalence  of  static  electricity,  and  a  tendency  toward  dryness 
of  the  skin  and  membranes  of  human  beings.  At  the  other  end  of  the 
scale,  humidities  above  80  per  cent  are  relatively  damp,  conducive  to 
high  regains,  extreme  softness,  and  pliability. 

Table  1  lists  desirable  temperatures  and  humidities  for  industrial  pro- 
cessing. In  using  this  table,  care  must  be  taken  in  qualifying  the  process. 
In  preparing  many  materials,  conditions  are  not  maintained  constantly, 
but  different  temperatures  and  humidities  are  held  for  varying  lengths  of 
time. 
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TABLE  1.    DESIRABLE  TEMPERATURES  AND  HUMIDITIES  FOR  INDUSTRIAL  PROCESSING 


INDUSTRY 

PROCESS 

TBMPEIUTURH 
DEQUKKS 
FAHRENHEIT 

RBLATJTB 
HUMIDWT 
PMR  CJDNT 

AUTOMOBILE  

Assembly  line  

65 

40 

Cake  icing  

70 

50 

Cake  mixing                     

75 

65 

Dough  fermentation  room  
Loaf  cooling  .. 

80 
70 

76  to  80 
60  to  70 

Make-up  room              .       ,  .  .          

75  to  80 

55  to  70 

BAKING  

Mixing  room  

75  to  80 

55  to  70 

Paraffin  paper  wrapping  

80 

55 

Proof  boxes  

80  to  90 

80  to  95 

Storage  of  flour  

70  to  80 

60 

Storage  of  yeast  

28  to  40 

60  to  75 

BIOLOGICAL 

Vaccines  

below  32 

PRODUCTS  

Antitoxins  

38  to  42 

Fermentation  in  vat  room  

44  to  50 

50 

BREWING  

Storage  of  grains  

60 

30  to  45 

Drying  of  auger  machine  brick  

180  to  200 

C*T?D  A  A/f  TP 

Drying  of  refractory  shapes  

110  to  150 

50  to  60 

Molding  room  

80 

60 

Storage  of  clay  

60 

35 

1 

CHEMICAL  

General  storage  

60  to  80 

35  to  50 

Chewing  gum  rolling  

75 

50 

Chewing  gum  wrapping  

70 

45 

Chocolate  covering  

62  to  65 

50  to  55 

CONFECTIONERY.. 

Hard  candy  making  

70  to  80 

30  to  50 

Packing  

65 

50 

Starch  room  

75  to  85 

50 

Storage....  

60  to  68 

50  to  65 

General  manufacture  

60 

45 

Storage  of  grains  

60 

30  to  45 

DRUG  

Storage  of  powders  and  tablets  

70  to  80 

30  to  35 

Insulation  winding  

104 

5 

ELECTRICAL  

Manufacture  of  cotton  covered  wire  
Manufacture  of  electrical  windings  ,. 

Storage  of  electrical  goods  

60  to  80 
60  to  80 
60  to  80 

60  to  70 
35  to  50 
35  to  50 

Butter  making  

60 

60 

Dairy  chill  room  .  „, 

40 

60 

Preparation  of  cereals  

60  to  70 

38 

Preparation  of  macaroni.  

70  to  80 

38 

Ripening  of  meats  

40 

80 

FOOD  

Slicing  of  bacon 

Art 

A  K 

Storage  of  apples™  

uU 

31  to  34 

45 
7K  f  ft  £fi 

Storage  of  citrus  fruit...  

32 

80 

Storage  of  eggs  in  shell  

30 

80 

Storage  of  meats  

0  to  10 

50 

Storage  of  sugar  . 

80 

35 

FUR. 

Drying  of  furs..  „ 

110 

Storage  of  furs..  

28  to  40 

25  to  40 
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TABLE  1.    DESIRABLE  TEMPERATURES  AND  HUMIDITIES  FOR  INDUSTRIAL  PROCESSING 

(Concluded) 


INDUSTRY 

PROCESS 

TEMPERATURE 
DEGREES 
FAHRENHEIT 

RBLA.TITO 
HUMIDIIT 
PJDR  CUNT 

I  NCUB  ATORS  

Chicken  

99  to  102 

55  to  75 

LABORATORY  

General  analytical  and  physical  
Storage  of  materials  

60  to  70 
60  to  70 

60  to  70 
35  to  50 

Drying  of  hides  

90 

LEATHER  

Mulling  

95  to  100 

95 

LIBRARY  

Book  storage  (see  discussion  in  thischapter) 

65  to  70 

38  to  50 

LINOLEUM  

Printing:  

80 

40 

Manufacturing  

72  to  74 

50 

MATCHES  

Storage  of  matches  

60 

MUNITIONS.  

Fuse  loading  

70 

55 

Air  drying  laci|uers 

70  to  90 

25  to  50 

PAINT  

Baking  lacquers  .        ...           

180  to  300 

Air  drying  of  oil  paints  ,  

60  to  90 

25  to  50 

PAPER  

Binding,  cutting,  drying,  folding,  gluing.. 
Storage  of  oat>er   .. 

60  to  80 
60  to  80 

40  to  60 
40  to  60 

Testing  Laboratory  .    . 

60  to  80 

55  to  65 

Development  of  film  

70  to  75 

60 

Drying  ....           .... 

75  to  80 

50 

PHOTOGRAPHIC.... 

Printing 

70 

70 

Cutting  .    . 

72 

65 

Binding  

70 

45 

Folding  - 

77 

65 

PRINTING  

Press  room  (general)       

75 

60  to  78 

Press  room  (lithographic)..  

60  to  75 

20  to  60 

Storage  of  rollers      

70  to  90 

50  to  55 

RUBBER 

Manufacturing  

Dipping  of  surgical  rubber  articles  

90 
75  to  80 

25  to  30 

Standard  laboratory  tests  

80  to  84 

42  to  48 

SOAP  

Drvintr       .      .  .          

110 

70 

*  /  *"O"  ••""*"•-"•••"•""•"-«"•»"•-•-""""••»""""••""•"•"•"""""" 

Cotton  —  carding  

75  to  80 

50  to  55 

combing  

75  to  80 

60  to  65 

roving  

75  to  80 

50  to  60 

,  ,9  

spinning  

weaving1       

60  to  80 
68  to  75 

50  to  70 

85 

,w     .    o  

Rayon  —  spinning 

70 

85 

throwing  

70 

60 

TEXTILE,  . 

*7C   4.       QO 

an  4.-  fTR 

weaving  

75  to  oo 

OU  tO  70 

Silk—       dressing      

75  to  80 

60  to  65 

soinnincf  

75  to  80 

65  to  70 

f^            ,    o"  

throwing 

75  to  80 

65  to  70 

weaving   -        

75  to  80 

60  to  70 

Wool  —     carding  

75  to  80 

65  to  70 

spinning  
weaving  

75  to  80 
75  to  80 

55  to  60 
50  to  55 

Testing  Laboratory             „              

70 

65 

TOBACCO...-  

Cigar  and  cigarette  making  
Softening  „  
Stemming  or  stripping  

70  to  75 
90 
75  to  85 

55  to  75 

85 
70 
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GENERAL  REQUIREMENTS 

In  general,  air  conditioning  apparatus  for  industrial  purposes  must  be 
capable  of  absorbing  heat  from  various  sources  such  as  machinery  power, 
electric  lights,  people,  sunlight  and  chemical  reaction;  of  warming  or 
cooling  to  any  desired  temperature,  and  of  providing  ample  air  supply  at 
all  times.  Refrigeration  may  or  may  not  be  required,  depending  ^  upon 
natural  conditions,  the  required  relative  humidity  and  the  maximum 
permissible  temperature.  Washing,  purifying  and  recirculating  of  the  air 
may  be  desirable.  Good  distribution  is  essential  for  the  control  of  air 
motion  and  for  the  prevention  of  uneven  conditions.  Accurate,  sensitive 
and  reliable  automatic  control  of  humidity  or  temperature,  or  both,  is 
vital  in  most  cases. 

Ordinarily,  outside  weather  conditions  and  the  ventilation  required  for 
workers  are  of  secondary  importance  in  relation  to  the  total  work  to  be 
done  by  the  air  conditioning  system.  In  extreme  cases  of  high  concentra- 
tion of  industrial  heat  from  machinery  and  ovens  the  error  of  entirely 
omitting  the  heat  gain  through  the  building  structure  would  not  be 
serious.  At  the  other  extreme,  where  low  temperatures  must  be  produced 
with  refrigeration  and  where  comparatively  little  power  is  used  for  driving 
the  machinery,  the  heat  gain  through  the  building  structure  will  become 
the  major  factor  in  determining  the  size  of  equipment  and  in  this  case  the 
ventilation  requirement  assumes  a  normal  degree  of  importance. 

Buildings  which  are  to  be  air  conditioned  should  therefore  be  designed 
with  careful  consideration  of  overall  cost  and  efficiency.  Condensation 
resulting  from  high  humidities  must  be  prevented  by  suitable  materials 
and  construction,  or  else  collected  and  drained  to  prevent  loss  of  product 
or  quick  deterioration  of  the  structure.  Air  leakage  or  filtration  may  add 
greatly  to  operating  costs  or  make  the  maintenance  of  low  humidities 
{relative  or  absolute)  wholly  impossible.  Low  temperatures  require  good 
insulation. 

It  is  apparent  that  the  subject  of  air  conditioning  for  industrial  processes 
is  extensive  and  greatly  involved,  and  that  a  detailed  treatment  is  there- 
fore beyond  the  scope  of  this  book.  A  few  of  the  salient  points  of  the 
general  subject  are  covered  in  this  chapter. 

CLASSIFICATION  OF  PROBLEMS 

In  general,  any  industrial  air  conditioning  problem  may  be  listed  under 
one  or  more  of  the  following  five  classes : 

1.  Control  of  Regain. 

2.  Control  of  Rate  of  Chemical  Reactions, 

3.  Control  of  Rate  of  Biochemical  Reactions. 

4.  Control  of  Rate  of  Crystallization. 

5.  Elimination  of  Static  Electricity. 

CONTROL  OF  REGAIN 

In  the  manufacture  or  processing  of  hygroscopic  materials  such  as 
textiles,  paper,  wood,  leather,  tobacco  and  foodstuffs,  the  temperature 
and  relative  humidity  of  the  air  have  a  marked  influence  upon  the  rate  of 
production  and  upon  the  weight,  strength,  appearance  and  general 
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quality  of  the  product.  This  influence  is  due  to  the  fact  that  the  moisture 
content  of  materials  having  a  vegetable  or  animal  origin,  and  to  a  lesser 
extent  minerals  in  certain  forms,  comes  to  equilibrium  with  the  moisture 
of  the  surrounding  air. 

In  industries  where  the  physical  properties  of  a  product  affect  its  value, 
the  percentage  of  moisture  is  of  special  importance.  With  increase  in 
moisture  content,  hygroscopic  materials  ordinarily  become  softer  and 
more  pliable.  Standards  of  regain  are  firmly  fixed  in  trade  with  fair 
penalties  for  excesses.  Deficiencies  result  in  loss  of  revenue  to  seller  and 
loss  of  desirable  quality  to  buyer. 

Manufacturing  economy  therefore  requires  that  the  moisture  content 
be  maintained  at  a  percentage  favorable  to  rapid  and  satisfactory  manipu- 
lation and  to  a^minirnum  loss  of  material  through  breakage.  A  uniform 
condition  is  desirable  in  order  that  high  speed  machinery  may  be  adjusted 
permanently  for  the  desired  production  with  a  minimum  loss  from  delays, 
wastage  of  raw  material  and  defective  product. 

In  the  processing  of  hygroscopic  materials,  it  is  usually  necessary  to 
secure  a  final  moisture  content  suitable  for  the  goods  as  shipped.  Where 
the  goods  are  sold  by  weight,  it  is  proper  that  they  contain  a  normal  or 
standard  moisture  content. 

MOISTURE  CONTENT  AND  REGAIN 

The  terms  moisture  content  and  regain  refer  to  the  amount  of  moisture 
in  hygroscopic  materials.  Moisture  content  is  the  more  general  term  and 
refers  either  to  free  moisture  (as  in  a  sponge)  or  to  hygroscopic  moisture 
(which  varies  with  atmospheric  conditions).  It  is  usually  expressed  as  a 
percentage  of  the  total  weight  of  material.  Regain  is  more  specific  and 
refers  only  to  hygroscopic  moisture.  It  is  expressed  as  a  percentage  of  the 
bone-dry  weight  of  material.  For  example,  if  a  sample  of  cloth  weighing 
100.0  grains  is  dried  to  a  constant  weight  of  93.0  grains,  the  loss  in  weight, 
or  7.0  grains,  represents  the  weight  of  moisture  originally  contained.  This 
expressed  as  a  percentage  of  the  total  weight  (100.0  grains)  gives  the 
moisture  content  or  7  per  cent.  The  regain,  which  is  expressed  as  a  per- 

7  o 

centage  of  the  bone-dry  weight,  is  ~^  or  7.5  per  cent. 

yo.u 

The  use  of  the  term  regain  does  not  imply  that  the  material  as  a  whole 
has  been  completely  dried  out  and  has  re-absorbed  moisture.  During  the 
processing  of  certain  textiles,  for  instance,  complete  drying  during  manu- 
facturing is  avoided  as  it  might  appreciably  reduce  the  ability  of  the 
material  to  re-absorb  moisture.  A  basis  for  calculating  the  regain  of 
textiles  is  obtained  by  drying  under  standard  conditions  a  sample  from 
the  lot  and  the  dry  weight  thus  obtained  is  used  as  a  basis  in  the  calcu- 
lations to  determine  the  regain. 

The  moisture  content  of  an  hygroscopic  material  at  any  time  depends 
upon  the  nature  of  the  material  and  upon  the  temperature  and  especially 
the  relative  humidity  of  the  air  to  which  it  has  been  exposed.  Not  only 
do  different  materials  acquire  different  percentages  of  moisture  after 
prolonged  exposure  to  a  given  atmosphere,  but  the  rate  of  absorption  or 
drying  out  varies  with  the  nature  of  the  material,  its  thickness  and 
density. 
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TABLE  2.    REGAIN  OF  HYGROSCOPIC  MATERIALS 

Moisture  Content  Expressed  in  Per  Cent  of  Dry  Weight  of  the  Substance  at 
Various  Relative  Humidities — Temperature,  75  F 


CLASSI- 
FICATION 

MATERIAL 

DESCRIPTION 

RBLAWYB  HUMIDIT*—  PHR  CBW 

AtrmoRiTT 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Natural 
Textile 
Fibers 

Cotton 

Sea  island—  roving 

2.5 

3.7 
3.7 

4.6 

5.5 

6.6 

5.9 

7.9 
6.8 
20.8 

9.5 

11.5 

14,1 

Hartahorne 

Cotton 

American-  cloth 

2.6 

4.4 

5.2 

8.1 

10.0 

14.3 

Sohloeaing 

Cotton 

Absorbent 

4.8 

9.0 

12.5 

15.7 

18.5 

22.8 

24.3 

25.8 

Fuwa 

Wool 

Australian  merino—  skein 

17 

7.0 

8.9 

10.8 

12.8 

14.9 

17.2 

19.9 

23.4 

Sartahorne 

Silk 

Raw  chevennes—  skein 

3.2 

5.5 

6.9 

8.0 

8,9 

10.2 
6.1 

11.9 

14.3 

18.8 
10.2 

Schloedng 

Linen 

Table  cloth 

1,9 

2.9 

3.6 

4.3 

5,1 

7.0 

8.4 

Atkinson 

Linen 

Dry  spun—  yarn 

3.6 

5.4 

6.5 

7.' 

8.1 

8.9 

9.8 

11.2 

13.8 

Bommer 

Jute 

Average  of  several  grades 

3.1 

5.2 

6.9 

8.5 

10.2 

12,2 

14,4 

17,1 

20.2 

Storch 

3emp 

Manila  and  elsal—  rope 

2.7 

4.7 

6.0 
6.8 

7.2 

8.5 

9.9 

11,6 

13.6 

15.7 

fuwa 

Rayons 

Viscose  Nitrocellu- 
lose Cupramonium 

Average  skein 

4.0 

5.7 

7.9 

9.2 

10.8 

12.4 

14.2 

16,0 

Robertson 

Cellulose  Acetate 

Fibre 

0.8 

1.1 

1.4 

1.9 

2.4 

3.0 
6.1 
8.3 

3.6 

4.3 
_ 

5.3 

Robertson 

Paper 

M.  F.  Newsprint 

Wood  pulp—  24%  ash 

2.1 

3.2 

4.0 

4,7 

5.3 

7.2 

10.6 

tr.aB.ofs. 

H.  M.  F.  Writing 

Wood  pulp—  3%  ash 

3.0 

4.2 

5.2 

6.2 

7.2 

9.9 

11.9 

14.2 

TJ.aB.ofS. 

White  Bond 

Rag—  1%  ash 

2.4 

3.7 

4.7 

5.5 

6.5 

7.5 

8.8 

10.8 

13.2 

u<r 

U.S.B.ofS. 

Com.  Ledger 

75%  rag-1%  ash 

3.2 

4,2 

5.0 

5.6 

6.2 

6.9 

8,1 

10.3 

TT.8.B.ofS, 

Kraft  Wrapping 

Coniferous 

3.2 

4.6 

5.7 

6.6 

7.6 

8.9 

0.5 
_ 

2,6 

4.9 

TJ,8.B.ofS. 

Mieo. 
Organic 
Materials 

Leather 

Sole  oak—  tanned 

5.0 

8.5 

11.2 

3.6 
0.2 

16,0 

8.3 

4.0 

9.2 

Phelpa 

Catgut 

Racquet  strings 

4.6 

7.2 

8,6 

2.0 

4.3 

7.3 
0.7 

9,8 

1.7 

Puw» 

Glue 

Hide 

3.4 

4.8 
0.21 

5.8 

6.6 

7.6 

9.0 

1.8 

2.5 

^wa 

Rubber 

Solid  tire 

0.11 

0.32 

0.44 

0.54 

0.66 

0.76 

0.88 

0.99 

awn 

Wood 

Timber  (average) 

3.0 

4.4 

5.9 

7.6 

9.3 

1.3 

4.0 

7.5 

2.0 

oreflt  F.  Lab. 

oap 

White 

1.9 

3.8 

5.7 

7.6 

0.0 

2.9 

6.1 

9.8 
3.5 

3,8 

uwa 

Tobacco 

Cigarette 

5.4 
0,5 

8.6 

1.0 

3.3 

6.0 

9,5 

5.0 

0.0 

ord 

Food- 
stuffs 

White  Bread 

1.7 

3.1 

4.5 

6.2 

8,5 

1.1 

4.5 

9.0 

tkinaon 

rackora 

2.1 

2.8 

3.3 

3.9 

5.0 

6,5 

8.3 

0,9 

4.9 

tkinaon 

Macaroni 

5.1 

7.4 

8.8 

0.2 

1.7 

3.7 

6.2 

9.0 

2.1 

tkinaon 

lour 

2.6 

4.1 

5.3 

6.5 

8.0 

9.9 

2.4 

5.4 

9,1 

ailoy 

tarch 

2.2 

3.8 

5.2 
2.8 
0.26 

6.4 

7.4 

8.3 

9.2 

0.6 

2.7 

tkineon 

elatin 

0.7 

1.6 

3.8 

4.9 

6.1 

7.6 

9.3 

1.4 

tkinaon 

Misc. 
Inorganic 
Material* 

sbestos  Fiber 

Finely  divided 

0.16 

0.24 

0.32 

0.41 

0.51 

0.62 

0.73 

0.84 

uwa 

lica  Gel 

5.7 

9.8 

'.7 

5.2 

7.2 

8.8 

0.2 

1.5 

2.6 

9Wa 

omestic  Coke 

0.20 

0.40 

0.61 

0.81 

1.03 

.24 

1.46 

1.67 

.89 

Me 

ctivated  Charcoal 

team  activated 

.1 

4.3 

2.8 

6.2 

8.3 

>9.2 

0.0 

1.1 

2.7 

uwa 

ulphurlc  Add 

tSOi 

.0 

.0 

7.5 

.5 

7.0 

.5 

,0 

3.5 

.5 

ason 
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Table  2  shows  the  regain  or  hygroscopic  moisture  content  of  several 
organic  and  inorganic  materials  when  in  equilibrium  at  a  dry-bulb  tem- 
perature of  75  F  and  various  relative  humidities.  The  effect  of  relative 
humidity  on  regain  of  hygroscopic  substances  is  clearly  indicated.  The 
effect  of  temperature  is  comparatively  unimportant.  In  the  case  of 
cotton,  for  instance,  an  increase  in  temperature  of  10  deg  has  the  same 
effect  on  regain  as  a  decrease  in  relative  humidity  of  one  per  cent.  Changes 
in  temperature  do,  however,  affect  the  rate  of  absorption  or  drying. 
Sudden  changes  in  temperature  cause  temporary  fluctuations  in  regain 
even  when  the  relative  humidity  remains  stationary. 

The  regain  or  moisture  content  affects  the  physical  properties  of  textiles 
to  a  marked  degree,  changing  the  strength,  pliability  and  elasticity. 

The^fact  that  the  regain  of  textiles  will  come  into  equilibrium  with  the 
conditions  of  the  surrounding  air  and  vary  with  its  temperature  and 
relative  humidity  is  the  fundamental  basis  for  the  control  of  physical 
qualities  ^during  manufacture.  During  the  preparation  processes  in  a 
cotton  mill,  the  cotton  fibers  should  be  in  a  condition  to  be  easily  carded. 

These  preliminary  processes  are  carried  out  best  in  a  relative  humidity 
of  50  to  55  per  cent.  As  the  cotton  fiber  comes  to  the  spinning  operation, 
more  flexibility  is  needed  and  the  relative  humidity  is  increased  in  this 
department.  For  many  years,  65  per  cent  relative  humidity  was  con- 
sidered the  optimum.  t  To  offset  the  extra  work  performed  on  the  fiber 
as  the  spindle  speed  is  increased,  many  cotton  mills  now  carry  70  per  cent 
relative  humidity  in  the  spinning  rooms.1  Winding,  warping  and  weaving 
are  all  processes  calling  for  great  flexibility  and  a  consequent  need  for 
higher  humidity. 

Other  textile  fibers,  due  to  their  different  natural  characteristics,  are 
processed  under  relative  humidities  and  temperatures  applicable  to  each. 

Rayons,  on  account  of  great  loss  of  strength  with  the  higher  regains, 
should  be  processed  in  a  relative  humidity  of  55  to  70  per  cent.  Acetate 
silk,  another  chemical  fiber,  with  approximately  50  per  cent  of  the  regain 
of  rayon,  may  be  processed  between  60  and  65  per  cent  relative  humidity. 

All  hygroscopic  materials  release  sensible  heat  equivalent  to  the  latent 
heat  of  the  moisture  absorbed  by  the  material,  all  of  which  may  account 
for  a  small  percentage  of  the  total  heat  load. 

CONDITIONING  AND  DRYING 

In  general,  the  exposure  of  materials  to  desirable  conditions  for  treat- 
ment may  be  coincidental  with  the  manufacture  or  processing  of  the 
materials,  or  they  may  be  treated  separately  in  special  enclosures.  This 
latter  treatment  may  be  classified  as  conditioning  or  drying.  The  purpose 
of  conditioning  or  drying  is  usually  to  establish  a  desired  condition  of 
moisture  content  and  to  regulate  the  physical  properties  of  the  material. 

When  the  final  moisture  content  is  lower  than  the  initial  one,  the  term 
drying  is  applied.  If  the  final  moisture  content  is  to  be  higher,  the  process 
is  termed  conditioning.  In  the  case  of  some  textile  products  and  tobacco, 


lThe  Present  Status  of  Textile  Regain  Data,  by  A.  E.  Stacey,  Jr.     (National  Association  of  Cotton 
Manufacturers,  1927). 
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skin  cured  and  colored,  after  which  the  fruit  is  cooled  to  maintain  as  slow 
a  rate  of  metabolism  as  possible.  Ideal  conditions  range  between  55  to 
57  F  and  in  no  case  should  the  temperature  go  below  49  F,  as  the  starches 
then  become  fixed  and  are  indigestible. 

The  curing  _  of  lemons  is  an  entirely  different  problem.  Bananas  are 
cured  for  a  quick  market,  while  lemons  are  held  for  a  future  market.  The 
process,  therefore,  varies  in  the  temperature  used.  Temperatures  from 
54  to  59  F  have  been  found  to  be  best  suited  for  this  process.  A  high 
relative  humidity  of  88  to  90  per  cent  is  necessary  to  hold  shrinkage  to  a 
minimum  and,tat  the  same  time,  develop  the  rind  so  it  will  be  sufficiently 
tough  to  permit  handling. 

Tobacco  from  the  field  to  the  finished  cigar,  cigarette,  plug  or  pipe 
tobacco,  offers  another  interesting  example  of  what  may  be  done  by 
industrial  air  conditioning  in  the  control  of  color,  texture  and  flavor. 
In  the  processing  of  tobacco,  the  first  three  classifications  of  air  con- 
ditioning are  involved,  and  only  through  close  atmospheric  control  can 
the  best  quality  of  the  leaf  be  developed. 

CONTROL  RATE  OF  CRYSTALLIZATION 

The  rate  of  cooling  of  a  saturated  solution  determines  the  size  of  the 
crystals  formed.  Both  temperature  and  relative  humidity  are  of  im- 
portance, as  the  one  controls  the  rate  of  cooling,  while  the  other,  through 
evaporation,  changes  the  density  of  the  solution. 

In  the  coating  pans  for  pills,  gum  and  nuts,  a  heavy  sugar  solution  is 
added  to  the  tumbling  mass.  As  the  water  evaporates,  each  separate 
piece  is  covered  with  crystals  of  sugar.  A  smooth,  opaque  coating  is  only 
accomplished  by  blowing  into  the  kettle  the  proper  amount  of  air  at  the 
right  temperature  and  relative  humidity.  If  the  cooling  and  drying  is 
too  slow,  the  coating  will  be  rough  and  semi-translucent,  and  the  ap- 
pearance unsightly;  if  too  fast,  the  coating  will  chip  through  to  the 
interior.  Only  by  balancing  temperature,  relative  humidity,  and  volume 
of  air  to  the  sugar  solution,  can  the  proper  rate  be  obtained  and  a  perfect 
coating  assured. 

ELIMINATION  OF  STATIC  ELECTRICITY 

The  presence  of  static  electricity  is  very  detrimental  to  the  satisfactory 
and  economical  processing  of  many  light  materials,  such  as  textile  fibers, 
paper,  etc,  It  is  also  extremely  dangerous  where  explosive  atmospheres 
or  materials  are  present.  Fortunately,  this  hazard  is  easily  eliminated 
by  increasing  the  relative  humidity. 

In  attempting  to  eliminate  static  electricity,  it  must  be  borne  in  mind 
that  for  successful  elimination  the  air  that  actually  comes  in  contact 
with  the  material  in  the  machine  must  be  at  a  relative  humidity  of  45 
per  cent  or  more.  As  some  machines  consume  a  great  deal  of  power 
which  is  converted  directly  into  heat,  the  temperature  in  the  machine 
may  be  considerably  higher  than  the  temperature  adjacent  to  the  machine 
where  the  relative  humidity  is  normally  measured.  In  such  cases,  the 
relative  humidity  in  the  machine  will  be  appreciably  lower  than  that 
elsewhere  in  the  room,  and  it  may  be  necessary  to  maintain  a  room 
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relative  humidity  of  65  per  cent,  or  even  more,  before  the  desired  results 
can  be  obtained. 

CALCULATIONS 

The  methods  for  determining  the  proper  heating  and  cooling  loads  for 
the  various  industrial  processes  are  similar  to  those  outlined  in  Chapters 
5  and  6.  Because  of  the  large  number  of  motors  and  heat  processing  units 
usually  prevalent  in  an  industrial  application,  it  is  particularly  important 
that  operating  allowances  for  the  latent  and  sensible  heat  loads  be 
definitely  ascertained  and  used  in  the  calculations  to  determine  the  total 
design  load. 
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Chapter  39 

INDUSTRIAL  EXHAUST  SYSTEMS 

Classification  of  Systems,  Design  Procedure,  Requirements  for 
Suction  and  Velocity,  Hoods,  Design  of  Duct  Systems,  Col- 
lectors, Resistance  of  Systems,  Efficiency  of  Exhaust  Systems9 
Selection  of  Fans  and  Motors,  Corrosion 

IN  almost  every  industry  some  type  of  exhaust  or  collecting  system  is 
essential  to  achieve  efficient  and  economical  control  of  dusts  and 
fumes.    General  design  information  is  included  in  this  chapter  which  is 
intended  to  relate  primarily  to  factory  exhaust  systems. 

CLASSIFICATION  OF  SYSTEMS 

There  are  two  general  arrangements,  the  central  and  the  group  systems. 
In  the  central  system  a  single  or  double  fan  is  located  near  the  center  of 
the  shop  with  a  piping  system  radiating  to  the  various  machines  to  be 
served.  In  the  group  system,  which  is  sometimes  employed  where  the 
machines  to  be  served  are  widely  scattered,  small  individual  exhaust  fans 
are  located  at  the  center  of  the  machine  groups.  The  group  arrangement 
has  the  advantage  of  flexibility. 

Exhaust  systems  are  also  classified  by  the  means  employed  to  collect 
dust  or  other  material  handled.  The  dust  or  refuse  may  be  collected  and 
controlled  by  enclosing  hoods,  open  hoods,  inward  air  leakage,  or  by 
exhausting  the  general  air  of  the  room. 

With  some  classes  of  machinery  it  is  not  feasible  to  closely  hood  the 
machines  and  in  these  cases  open  hoods  over  or  adjacent  to  the  machines 
are  provided  to  collect  as  much  as  possible  of  the  dust  and  fumes.  This 
class  includes  such  machines  as  rubber  mills,  package  filling  machinery, 
sand  blast,  crushers,  forges,  pickling  tanks,  melting  furnaces,  and  the 
unloading  points  of  various  types  of  conveyors. 

The  open  hoods  should  be  placed  as  close  to  the  source  of  dust  or  fumes 
as  possible,  with  due  regard  to  the  movements  of  the  operator.  When  the 
hood  must  be  placed  at  some  distance  above  the  machine  it  should  be 
large  enough  to  encompass  an  area  of  considerable  extent  as  diffusion  is 
usually  quite  rapid. 

Consideration  must  also  be  given  to  the  natural  movement  of  the 
fumes.  For  those  that  are  lighter  than  air  the  hood  should  be  over  or 
above  the  machine  and  where  a  heavy  vapor  or  dust-laden  air  at  ordinary 
temperature  is  to  be  removed,  horizontal  or  floor  connections  are  required. 
If  it  is  attempted  to  remove  heavy  dust  such  as  lead  oxides  by  an  over- 
head hood  the  conditions  may  be  worse  than  if  no  exhaust  were  used  at 
all,  owing  to  the  rising  air  current  carrying  the  dust  up  through  the 
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breathing  zones.  The  objective  to  keep  in  mind  in  all  cases  is  to  take 
advantage  of  the  natural  tendency  of  the  material  to  move  upward  or 
downward. 

In  another  class  of  operation  the  main  objective  is  to  prevent  the  escape 
of  dust  into  the  surrounding  atmosphere,  the  removal  of  some  dust  from 
the  machine  or  enclosure  being  merely  incidental.  The  dust-creating 
apparatus  is  enclosed  within  a  housing  which  is  made  as  tight  as  prac- 
ticable, and  sufficient  suction  is  applied  to  the  enclosure  to  maintain  an 
inward  air  leakage,  thus  preventing  escape  of  the  dust.  While  the  exhaust 
system  is  required  to  handle  only  the  air  which  leaks  in  through  the 
crevices  and  openings  in  the  enclosure,  yet  in  many  installations  leakages 
are  very  high  and  great  care  is  required  to  obtain  satisfactory  results 
with  a  system  of  this  kind.  The  inward-leakage  principle  is  utilized  for 
controlling  dust  in  the  operating  of  tumbling  barrels,  grinding,  screening, 
elevating,  and  similar  processes. 

Certain  dust  and  fume  producing  operations  are  best  carried  on  by 
isolating  the  process  in  a  separate  compartment  or  room  and  then  apply- 
ing general  ventilation  to  this  space.  The  compartment  or  room  in  which 
the  work  is  performed  should  be  as  small  as  is  consistent  with  convenience 
in  handling  the  work.  The  ventilating  system  should  be  designed  so 
that  a  strong  current  of  clean  air  is  drawn  across  the  operator,  and  away 
from  him  toward  the  work,  where  the  dust  is  picked  up  and  carried 
from  the  room. 

DESIGN  PROCEDURE 

The  first  step  in  the  design  of  an  exhaust  system  is  to  determine  the 
number  and  size  of  the  hoods  and  their  connections.  No  general  rules, 
however,  can  be  given  since  hood  and  duct  dimensions  are  determined  by 
the  characteristics  of  the  operations  to  which  they  are  applied.  When  a 
tentative  decision  ^regarding  the  set-up  has  been  made,  it  is  then  necessary 
to  obtain  the  suction  and  air  velocities  required  to  effect  control.  At  this 
point  the  designer  ^  must  rely  upon  the  prevailing  practice  and  on  such 
physical  data  relating  to  hoods,  duct  systems  and  collectors  as  are  avail- 
able. Finally,  in  choosing  the  fan,  the  area  of  the  intake  should  be  equal 
to  or  greater  than  the  sum  of  the  areas  of  the  branch  ducts.  The  speed,  of 
course,  must  be  sufficient  to  maintain  the  estimated  suction  and  air 
velocities  in  the  system.  In  general,  the  most  important  requirements  of 
an  efficient  exhaust  and  collecting  system  are  as  follows1: 

1.  Hoods,  ducts,  fans  and  collectors  should  be  of  adequate  size. 

2.  The  air  velocities  should  be  sufficient  to  control  and  convey  the  materials  collected. 

3.  The  hoods  and  ducts  should  not  interfere  with  the  operation  of  a  machine  or  any 
working  part. 

4.  The  system  should  do  the  required  work  with  a  minimum  power  consumption. 
1 5.  When  inflammable  dusts  and  fumes  are  conveyed,  the  piping  should  be  provided 

with  an  automatic  damper  in  passing  through  a  fire- wall. 

6.  Ducts  and  all  metal  parts  should  be  grounded  to  reduce  the  danger  of  dust  ex- 
plosions by  static  electricity. 

7.  The  design  of  an  exhaust  system  should  afford  easy  access  to  parts  for  inspection 
and  care. 

^^  **  Safe  Practice  Pamphlet8  Nos-  32  and  37,  published  by  the  National 
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REQUIREMENTS  FOR  SUCTION  AND  VELOCITY 

The  removal  of  dust  or  waste  by  means  of  an  exhaust  hood  requires  a 
movement  of  air  at  the  point  of  origin  sufficient  to  carry  it  to  a  col- 
lecting system.  The  air  velocities  necessary  to  accomplish  this  depend 
upon  the  physical  properties  of  the  material  to  be  eliminated  and  the 

TABLE  1.    SIZE  OF  CONNECTIONS  FOR  WOOD- WORKING  MACHINERY 


TYPE  OF  MACHINE 


DIAMETER  OF 

CONNECTIONS  IN 

INCHES 


Circular  saws,  12-in.  diam 4 

Circular  saws,  12-24-in.  diam 1... ."I"...."""!!"".  5 

Circular  saws,  24-40-in.  diam 6 

Band  saws,  blade  under  2  in.  wide.- , 4 

Band  saws,  blade  2-3  in.  wide '. !"""""..  5 

Band  saws,  blade  3-4  in.  wide.- 6 

Band  saws,  blade  4-5  in,  wide.- 7 

Band  saws,  blade  5-6  in.  wide™ '„„  8 

Small  mortisers— 6 

Single  end  tenoners § 

Double  end  tenoners 7 

Double  end,  double  head  tenoners „ 10 

Planers,  matchers,  moulders,  stickers,  jointers,  etc. — 

With  knives,    6-10  in 5-6 

With  knives,  10-20  in.. 6-8 

With  knives,  20-30  in 6-10 

Shapers,  light  work 4-5 

Shapers,  heavy  work 8 

Belt  sander,  belt  less  than  6  in.  wide 5 

Belt  sander,  belt    6-10  in.  wide.- 6 

Belt  sander,  belt  10-14  in.  wide 7 

Drum  sander,  24  in,.™.,-. 5 

Drum  sander,  30  in. 6 

Drum  sander,  36  in. 7 

Drum  sander,  48  in. 8 

Drum  sander,  over  48  in 10 

Disc  sander,  24  in.  diam 5 

Disc  sander,  26-36  in.  diam 6 

Disc  sander,  36-48  in.  diam.. 7 

Arm  sander 4 


direction  and  speed  with  which  it  is  thrown  off.  If  the  dust  to  be  removed 
is  already  in  motion,  as  is  the  case  with  high-speed  grinding  wheels,  the 
hood  should  be  installed  in  the  path  of  the  particles  so  that  a  minimum 
air  volume  may  be  used  effectively.  It  is  always  desirable  to  design  and 
locate  a  hood  so  that  the  volume  of  air  necessary  to  produce  results  is  as 
small  as  possible. 

The  static  suction  at  the  throat  of  a  hood  is  frequently  used  in  practice 
as  a  measure  of  the  effectiveness  of  control.  This  is  of  considerable  value 
where  exhaust  systems  adapted  to  particular  operations  have  been 
standardized  by  practice.  Tables  1  and  2  present  the  duct  sizes  usually 
employed  for  standard  wood-working  machinery  and  for  grinding  and 
buffing  wheels.  Static  pressures,  which  in  practice  have  been  found 
necessary  to  control  and  convey  various  materials,  are  given  in  Table  3. 
It  must  be  remembered,  however,  that  the  suction  is  merely  a  rough 
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TABLE  2.    SIZE  OF  CONNECTIONS  FOR  GRINDING  AND  BUFFING  WHEELS 


DIAMETER  OF  WHEELS 

MAX, 

Mm.  DIAM. 

GRINDING 

OF  BRANCH 

SURFACE 

PIPES  IN 

SQ  IN. 

INCHES 

Grinding  — 

6  in     f\r  1occ    nnt  r»vpr  1    in     truck 

19 

3 

Tin.  to    9  in.  inclusive,  not  over  Ify 
10  in.  to  16  in.          «           "       u     2 

2  in.  thick  
in.      «     

43 
101 

4 

17  in.  to  19  in.          "           «       a     3 

in.     *     

180 

4;Hj 

20  in.  to  24  in.          *          u      "    4 

in.     u     

302 

5 

25  in.  to  30  in.          a          «      "    5 

in.     u     

472 

6 

Buffing  — 
6  in.  or  less,  not  over  1  in.  thick  

19 

3H 

7  in.  to  12  in.  inclusive,  not  over  \1/ 

2  in.  thick  

57 

4 

13  in.  to  16  in.          «           "       "    2 

in.      *    

101 

4J^ 

17  in.  to  20  in.          «           "       a     3 

in.      «    

189 

5 

21  in.  to  27  in.          "           "       "    4 

in.     "     ... 

338 

6 

27  in.  to  33  in.          *           "       u     5 

in,     a    

518 

7 

measure  of  the  air  volume  handled  and  consequently  of  the  air  velocity  at 
the  opening  of  the  hood.  The  elimination  of  any  dusty  condition  requires 
added  information  concerning  the  shape,  size  and  location  of  the  hood 
used  with  regard  to  the  operation  in  question. 

In  some  states  grinding,  polishing  and  buffing  wheels  are  subject  to 
regulation  by  codes.  The  static  suction  requirements,  which  range  from 
\Yz  to  5  in.  water  displacement  in  a  E/-tube,  should  be  followed  although 
in  several  instances  they  may  appear  to  be  excessive.  Frequently,  in 
these  operations,  a  large  part  of  the  wheel  must  be  exposed  and  the  dust- 
laden  air  within  the  hood  is  thrown  outward  by  the  centrifugal  action  of 
the  wheel,  thus  counteracting  useful  inward  draft.  This  tendency  may 
be  diminished  by  locating  the  connecting  duct  so  as  to  create  an  air  flow 
of  not  less  than  200  fpm  about  the  lower  rim  of  the  wheel* 

Exact  determinations  of  hood  control  velocities  are  not  available,  but 
it  is  safe  to  assume  that  for  most  dusty  operations  they  should  not  be  less 

TABLE  3.    SUCTION  PRESSURES  REQUIRED  AT  HOODS 


TYPE  OF  INSTALLATION 


STATIC  SUCTION  IN 
INCHES  otr  WATER 


Exhausting  from  grinding  and  buffing  wheels 

Exhausting  from  tumbling  barrels 

Exhausting  from  wood-working  machinery — light  duty..... 

Exhausting  from  wood- working  machinery — heavy  duty 

Shoe  machinery  exhaust „„.„„ 

Exhausting  from  rubber  manufacturing  processes « , 

Flint  grinding  exhaust 

Exhausting  from  pottery  processes 

Lead  dust  and  fume  exhaust „ 

Fur  and  ^felt  machinery  exhaust™ 

Exhausting  from  textile  machinery 

Exhausting  from  elevating  and  crushing  machinery.,.- 

Conveying  bulky  and  heavy  materials „ mm 


2 

2 

2-4 

2-3 

2 

2 

2 

2-4 

2-3 

2-3 

2 

3-5 


686 


CHAPTER  39.     INDUSTRIAL  EXHAUST  SYSTEMS 


than  200  fpm  at  the  point  of  origin.  For  granite  dust  generated  by 
pneumatic  devices,  Hatch  et  al2  give  velocities  from  150  to  200  fpm, 
depending  on  the  type  of  hood  used,  as  sufficient  for  safe  control.  Con- 
sidering the  character  of  the  industry,  air  velocities  of  this  order  may  be 
extended^  to  similar  dusty  operations.  The  method  for  approximately 
determining  these  velocities  in  terms  of  the  velocity  at  the  hood  opening 
is  given  below. 

HOODS 

No  set  rule  can  be  given  regarding  the  shape  of  a  hood  for  a  particular 
operation,  but  it  is  well  to  remember  that  its  essential  function  is  to  create 
an  adequate  velocity  distribution.  The  fact  that  the  zone  of  greatest 
effectiveness  does  not  extend  laterally  from  the  edges  of  the  opening  may 
frequently  be  utilized  in  estimating  the  size  of  hood  required.  Where 
complete  enclosure  of  a  dusty  operation  is  contemplated,  it  is  desirable  to 
leave  enough  free  space  to  equal  the  area  of  the  connecting  duct.  Hoods 
for  grinding,  polishing  and  buffing  should  fit  closely,  but  at  the  same  time 
should  provide  an  easy  means  for  changing  the  wheels.  It  is  advisable  to 
design  these  hoods  with  a  removable  hopper  at  the  base  to  capture  the 
heavy  dusts  and  articles  dropped  by  the  operator.  Such  provisions  are  of 
assistance  in  keeping  the  ducts  clear.  Air  volumes  used  to  control  many 
dust  discharges  may  often  be  reduced  by  effective  baffling  or  partial 
enclosure  of  an  operation.  This  procedure  is  strongly  urged  where  dusts 
are  directed  beyond  the  zone  of  influence  of  the  hood. 

Axial  Velocity  Formula  for  Hoods 

When  the  normal  flow  of  air  into  a  hood  is  unobstructed,  the  following 
formula  may  be  used  to  determine  the  air  velocity  at  any  point  along 
the  axis3 : 

V  =       °'IQ  (1) 

V        x*  +  0,1  A  (  } 

where 

V  «  velocity  at  point,  feet  per  minute. 
A  =»  area  of  opening,  square  feet. 
x  »  distance  along  axis,  feet. 
Q  **  volume  of  air  handled,  cubic  feet  per  minute. 

Velocity  Contours 

It  is  possible  by  use  of  a  specially  constructed  Pitot-tube4  to  map 
contours  of  equal  velocity  in  any  axial  plane  located  in  the  field  of  in- 
fluence. It  has  been  found  that  the  positions  of  these  contours  for  any 
hood  can  be  expressed  as  percentages  of  the  velocity  at  the  hood  opening 
and  are  purely  functions  of  the  shape  of  the  hood5. 

^Control  of  the  Sllicosis  Hazard  in  the  Hard  Rock  Industries.  I.  A  Laboratory  Study  of  the  Design  of 
Dust  Control  Systems  for  Use  with  Pneumatic  Granite  Cutting  Tools,  by  Theodore  Hatch,  Philip  Drinker 
and  Sarah  P.  Choate.  (Journal  of  Industrial  Hygiene,  Vol.  XII,  No.  3,  March,  1930), 

•The  Control  of  Industrial  Dust,  by  J,  M.  DallaValle  (Mechanical  Engineering,  Vol.  55,  No.  10,  October 
1933). 

4Studles  in  the  Design  of  Local  Exhaust  Hoods,  by  J.  M.  DallaValle  and  Theodore  Hatch  (A.S.M.E. 
Transactions,  Vol.  54,  1932). 

'Velocity  Characteristics  of  Hoods  under  Suction,  by  J.  M,  DallaValle  (A.S.H.V.E.  TRANSACTIONS, 
Vol.  38,  1932,  p.  387). 
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Further,  the  velocity  contours  are  identical  for  similar  hood  shapes 
when  the  hoods  are  reduced  to  the  same  basis  of  comparison.  These  facts 
are  applicable  to  all  hood  problems  so  that  when  the  velocity  contour 
distribution  is  known,  the  air  flow  required  can  be  determined.  Fig.  1 
shows  the  contour  distribution  in  two  axial  planes  perpendicular  to  the 
sides  of  a  rectangular  hood  with  a  side  ratio  of  one-half.  The  distribu- 
tion shown  is  identical  for  all  openings  with  a  similar  side  ratio  provided 
the  mapping  is  as  shown  in  the  figure.  The  contours,  of  course,  are 
expressed  as  percentages  of  the  velocity  at  the  opening. 


FIG.  1.    VELOCITY  CONTOURS  FOR  A  RECTANGULAR  OPENING  WITH  A  SIDE  RATIO  OF 

ONE-HALF.    CONTOURS  ARE  EXPRESSED  AS  PERCENTAGES  OF  THE 

VELOCITY  AT  THE  OPENING 


Air  Flow  from  Static  Readings 

The  volume  of  air  flow  through  any  hood  may  be  determined  from  the 
following  equation: 

Q  =  4005/4  V1T  (2) 

where 

Q  =  volume  of  air  flow,  cubic  feet  per  minute. 

A  =  area  of  connecting  duct,  square  feet, 

fct  =  static  suction  at  throat  of  hood,  inches  of  water. 

«  orifice  or  restriction  coefficient  which  varies  from  0.6  to  0.9  depending  on  the 
shape  of  the  hood. 
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An  average  value  of /is  0.71,  although  for  a  well-shaped  opening  a  value 
of  0.8  may  be  used.    The  factor  /  is  determined  from  the  equation : 


where  hv  is  the  velocity  head  in  the  connecting  duct. 

The  term  static  suction  is  not  a  good  measure  of  the  effectiveness  of  a 
hood  unless  the  area  of  the  opening  and  the  location  of  the  operation  with 
respect  to  the  hood  are  known.  This  is  clearly  indicated  by  Equation  1 
which  shows  that  the  velocity  at  any  point  along  the  axis  varies  inversely 
as  the  area  of  the  opening  and  the  square  of  the  distance.  However,  this 
formula  coupled  with  Equation  2  should  serve  to  indicate  the  velocity 
conditions  to  be  expected  when  operations  are  conducted  external  to  the 
hood  opening. 

Large  Open  Hoods 

Large  hoods,  ^such  as  are  used  for  electroplating  and  pickling  tanks, 
should  be  sub-divided  so  the  area  of  the  connecting  duct  is  not  less  than 
one-fifteenth  of  the  open  area  of  the  hood.  Frequently,  it  will  be  found 
necessary  to  branch  the  main  duct  in  order  to  obtain  a  uniform  distri- 
bution of  flow.  Canopy  hoods  should  extend  6  in.  laterally  from  the  tank 
for  every  12-in.  elevation,  and  wherever  possible  they  should  have  side 
and  rear  aprons  so  as  to  prevent  short  circuiting  of  air  from  spaces  not 
directly  over  the  vats  or  tanks.  In  most  cases,  hoods  of  this  type  take 
advantage  of  the  natural  tendency  of  the  vapors  to  rise,  and  air  velocities 
may  be  kept  low.  Cross  drafts  from  open  doors  or  windows  disturb  the 
rise  of  the  vapors  and  therefore  provision  must  be  made  for  them.  The 
air  velocities  required  also  depend  upon  the  character  of  the  vapors  given 
off,  cyanide  fumes,  for  example,  requiring  an  air  velocity  of  approxi- 
mately 75  fpm  on  the  surface  of  the  tank  and  acid  and  steam  vapors 
requiring  velocities  as  low  as  25  to  50  fpm.  The  total  volume  of  air  flow 
necessary  to  obtain  these  velocities  may  be  approximately  determined 
from  the  following  simple  formula: 

Q  -  1.4PDF  (4) 

where 

Q  «  total  volume  of  air  handled  by  hood,  cubic  feet  per  minute. 

P  «  perimeter  of  the  tank,  feet. 

D  ««  distance  between  tank  and  hood  opening,  feet. 

V  =  air  velocity  desired  along  edges  and  surface  of  tank,  feet  per  minute, 

Lateral  Exhaust  Systems 

The  lateral  exhaust  method,  as  developed  for  chromium  plating6,  is 
applicable  in  many  instances  in  preference  to  the  canopy  type  hoods. 
The  method  makes  use  of  drawing  air  and  fumes  laterally  across  the  top 
of  vats  or  tanks  into  slotted  ducts  at  the  top  and  extending  fully  along 
one  or  more  sides  of  the  tanks.  The  slots  are  2  in.  wide  and  for  effective 


•Health  Hazards  in  Chromium  Plating,  by  J.  J.  Bloomfield  and1  Wm.  Blum  (C7.  5.  Public  Health 
Report,  Vol.  43,  No.  26,  September  7,  1928). 
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ticularly  ^  those  used  in>  buffing  and  polishing,  are  connected  by  short 
branch  pipes  to  the  main  duct  which  renders  proportioning  impractical. 

Construction 

The  ducts  leading  from  the  hoods  to  the  exhaust  fan  should  be  con- 
structed of  sheet  metal  not  lighter  than  is  shown  in  Table  4.  The  piping 
should  be  free  from  dents,  fins  and  projections  on  which  refuse  might 
catch. 

All  permanent  circular  joints  should  be  lap-jointed,  riveted  and  sol- 
dered, and  all  longitudinal  joints  either  grooved  and  locked  or  riveted 
and  soldered.  Circular  laps  should  be  in  the  direction  of  the  flow,  and 
piping  installed  out-of-doors  should  not  have  the  longitudinal  laps  at  the 
bottom.  Every  change  in  pipe  size  should  be  made  with  an  eccentric 
taper  flat  on  the  bottom,  the  taper  to  be  at  least  5  in.  long  for  each  inch 
change  in  diameter.  All  pipes  passing  through  roofs  should  be  equipped 
with  collars  so  arranged  as  to  prevent  water  leaking  into  the  building. 

The  main  trunks  and  branch  pipes  should  be  as  short  and  straight  as 
possible,  strongly  supported,  and  with  the  dead  ends  capped  to  permit 
inspection  and  cleaning.  All  branch  pipes  should  join  the  main  at  an 

TABLE  4.    GAGE  OF  SHEET  METAL  TO  BE  USED  FOR  VARIOUS  DUCT  DIAMETERS 


DLA.METER  OF  DUCT 

GA.GE  or  METAL 

8  in.  or  less.™  „„ 
9  to  18  in  ".  

19  to  25  in  

24 
22 
20 

26  in  .  or  more  „  

18 

acute  angle,  the  junction  being  at  the  side  or  top  and  never  at  the  bottom 
of  the  main.  Branch  pipes  should  not  join  the  main  pipes  at  points  where 
the  material  from  one  branch  would  tend  to  enter  the  branch  on  the 
opposite  side  of  the  main. 

Cleanout  openings  having  suitable  covers  should  be  placed  in  the  main 
and  branch  pipes  so  that  every  part  of  the  system  can  be  easily  reached  in 
case  the  system  clogs.  Either  a  large  cleanout  door  should  be  placed 
in  the  main  suction  pipe  near  the  fan  inlet,  or  a  detachable  section  of 
pipe,  held  in  place  by  lug  bands,  may  be  provided. 

Elbows  should  be  made  at  least  two  gages  heavier  than  straight  pipe 
of  the  same  diameter,  the  better  to  enable  them  to  withstand  the  addi- 
tional wear  caused  by  changing  the  direction  of  flow.  They  should  pref- 
erably have  a  throat  radius  of  at  least  one  and  one-half  times  the  diameter 
of  the  pipe. 

Every  pipe  should  be  kept  open  and  unobstructed  throughout  its  entire 
length,  and  no  fixed  screen  should  be  placed  in  it,  although  the  use  of 
a  trap  at  the  junction  of  the  hood  and  branch  pipe  is  permissible,  provided 
it  is  not  allowed  to  fill  up  completely. 

The  passing  of  pipes  through  fire-walls  should  be  avoided  wherever 
possible,  and  sweep-up  connections  should  be  so  arranged  that  foreign 
material  cannot  be  easily  introduced  into  them. 
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TABLE  5,    AIR  SPEEDS  IN  DUCTS  NECESSARY  TO  CONVEY  VARIOUS  MATERIALS 


MATERIAL 

Ara  Vutooirima 

(IPX) 

2000 

Wood  chips  and  shavings  -  — 

3000 
2000 
2000 

Rubber  dust                                                    -  

2000 

Lint                                                                                   

1500 

Metal  dust  (grindings)—  ,  
Lead  dusts                                                  .       

2200 
5000 

Brass  turnings  (fine)                                -  

4000 

4000 

At  the  point  of  entrance  of  a  branch  pipe  with  the  main  duct,  there 
should  be  an  increase  in  the  latter  equal  to  their  sum.  Some  state  codes 
specify  that  the  combined  area  be  increased  by  25  per  cent.  While  this 
is  not  always  necessary  and  is  frequently  done  at  the  expense  of  a.  reduced 
air  velocity,  it  is  none  the  less  advisable  where  future  expansion  of  the 
exhaust  system  is  contemplated. 

Air  Velocities  in  Ducts 

When  the  static  suction  has  been  fixed  for  a  given  hood,  the  air  velocity 
in  the  duct  may  be  determined  from  Equation  2,  Air  velocities  for 
conveying  a  material  should  be  moderate.  Table  5  gives  the  velocities 
generally  employed  for  conveying  various  substances.  Equations  5  and  5a 
may  be  used  as  tests  to  determine  the  conveying  efficiency  of  a  system8. 
Velocities  determined  from  these  formulae  should  be  increased  by  at  least 
25  per  cent  since  they  represent  the  minimum  at  which  a  stated  size  and 
density  of  material  can  be  transported. 

For  vertical  ducts:  V  =  13,300  — ^  &•«  (5) 

For  horizontal  ducts:  V  -  6000  — ^  d0-40  (5a) 

s  ~\-  * 

where 

V  =  air  velocity  in  duct,  feet  per  minute. 
s  =  specific  gravity  of  particles. 
d  —  average  diameter  of  largest  particles  conveyed,  inches, 

^  Example  1.  Granular  material,  the  largest  size  of  which  is  approximately  0,37  in,  in 
diameter,  with  a  specific  gravity  of  1.40  is  to  be  conveyed  in  a  vertical  pipe,  the  velocity 
of  the  air  in  which  is  4100  fpm;  find  whether  the  material  can  be  transported  at  this 
velocity. 

Substitute  data  in  Equation  5a  and  multiply  by  1.25: 

V  =  1.25  X  13,300  X  »^  X  0.370-87 
Antilog  (0.57  X  log  0.37)  -  0.568;  the  required  velocity  is,  therefore,  5500  fpm. 


'Determining  Minimum  Air  Velocities  for  Exhaust  Systems,  by  J.  M.  DallaValle  (A.S.H.V.E,  JOURNAL 
SECTION,  Heating,  Piping  and  Air  Conditioning,  September,  1932,  p,  639), 
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TABLE  6.    Loss  THROUGH  90-DEG  ELBOWS 


ELBOW  CENTBR  LINE  KADIUS  IN  PER  CENT 
OF  PIPE  DIAMETER 

Loss  m  PER  CENT  OF  VELOCITY  HEAD 

SO 
100 
ISO 
200  to  300 

75 
26 
17 
14 

Hence,  the  duct  velocity  must  be  increased  either  by  speeding  up  the  fan  or  decreasing 
the  diameter  of  the  duct,  or  both. 

Duct  Resistance 

The  resistance  to  flow  in  any  galvanized  duct  riveted  and  soldered  at 
the  joints  may  be  obtained  from  Fig.  2,  Chapter  31.  The  pressure  drop 
through  elbows  depends  upon  the  radius  of  the  bend.  For  elbows  whose 
centerline  radii  vary  from  50  to  300  per  cent  of  pipe  diameter,  the  loss  may 
be  estimated  from  Table  6.  It  is  sometimes  convenient  to  express  the 
resistance  of  an  elbow  in  terms  of  an  equivalent  length  of  duct  of  the  same 
diameter.  Thus  with  a  throat  radius  equal  to  the  pipe  diameter  the 
resistance  is  equivalent  to  a  section  of  straight  pipe  approximately  10 
diameters  long,  while  with  a  throat  diameter  radius  1J^  times  the  dia- 
meter, the  resistance  is  about  the  same  as  that  of  seven  diameters  of 
straight  pipe. 

COLLECTORS 

The  most  common  method  of  separating  the  dust  and  other  materials 
from  the  air  is  to  pass  the  mixture  through  a  centrifugal  or  cyclone 
collector.  In  this  type  of  collector  the  mixture  of  the  air  and  material 
is  introduced  on  a  tangent,  near  the  cylindrical  top  of  the  collector,  and 
the  whirling  motion  sets  up  a  centrifugal  action  causing  the  compara- 
tively heavy  materials  suspended  in  the  air  to  be  thrown  against  the  side 
of  the  separator,  from  which  position  they  spiral  down  to  the  tail  piece, 
while  the  air  escapes  through  the  stack  at  the  center  of  the  collector. 


The  diameter  of  the  cyclone  should  be  at  least  3J^  times  the  diameter 
of  the  fan  discharge  duct.  When  two  or  more  separate  ducts  enter  a 
cyclone,  gates  should  be  provided  to  prevent  any  back  draft  through  a 
system  which  may  not  be  operating.  Cyclones  working  in  conjunction 
with  two  or  more  fans  should  be  designed  to  operate  efficiently  at  two- 
thirds  capacity  rating.  The  following  formula  is  useful  in  computing  the 
loss  through  a  cyclone  when  the  velocity  of  the  air  in  the  fan  discharge 
duct  is  known  : 


where 
hc  - 

V   m 


0.13 


•  the  pressure  drop  through  the  cyclone,  inches  of  water. 

•  the  air  velocity  in  the  fan  discharge  duct,  feet  per  minute. 


(6) 


If  a  cyclone  is  used  to  collect  light  dusts  such  as  buffing  wheel  dusta, 
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feathers  and  lint,  the  exhaust  vent  should  be  large  enough  to  permit  an 
air  velocity  of  200  to  500  fpm.  This  will,  of  course,  require  a  cyclone  of 
larger  dimensions  than  given  for  the  foregoing  general  case* 

When  a  high  collection  efficiency  is  desired,  or  the  material  is  very  fine, 
multicyclones  may  be  used.  These  are  merely  small  cyclones  arranged  in 
parallel  which  utilize  the  principle  of  high  centrifugal  velocity  to  attain 
separation.  The  capacities  and  characteristics  of  this  type  of  separator 
should  be  obtained  from  the  manufacturers. 

Cloth  Filters 

Filters  are  used  when  the  material  collected  by  an  exhaust  system  is 
valuable  or  cannot  be  separated  efficiently  from  the  air  with  an  ordinary 
cyclone.  They  are  also  employed  when  it  is  desirable  to  recirculate  the 
air  drawn  from  a  room  by  the  exhaust  system,  which  otherwise  might 
entail  considerable  loss  in  heat.  Bag  filters  which  are  properly  housed 
may  be  operated  under  suction.  Bag  houses  used  in  the  manufacture  of 
zinc  oxide  and  other  chemical  products  are  operated  on  the  positive 
side  of  the  fan. 

Wool,  cotton  and  asbestos  cloths  are  commonly  used  as  filtering 
mediums.  When  woolen  cloths  are  employed,  the  filtering  capacities  vary 
from  y%  to  10  cfm  per  square  foot  of  filtering  surface,  depending  on  the 
character  of  the  material  collected.  The  rates  for  cotton  and  asbestos 
cloths  are  lower.  The  type  of  filter  cloth  and  the  rates  of  filtration 
depend,  of  course,  on  the  material  to  be  collected  and  the  fan  capacity* 
The  time  increase  of  resistance  varies  with  the  amount  of  material  per- 
mitted to  build  up  on  the^surface  of  the  filter  and  can  be  determined  only 
by  experiment.  The  limits  of  the  increase  may  be  regulated  by  adjust- 
ment of  the  shaking  or  cleaning  mechanism.  These  limits  may  be 
regulated  further  according  to  the  capacity  of  the  fan  and  the  effective 
performance  of  the  hoods  and  the  duct  system. 


^  additional  information  on  Dust  and  Cinders,  see  Chapter  28, 
Air  Cleaning  Devices. 

RESISTANCE  OF  SYSTEM 

The  maintained  resistance  of  the  exhaust  system  is  composed  of  three 
factors:  (1)  loss  through  the  hoods,  (2)  collector  drop,  and  (3)  friction 
drop  in  the  pipes. 

The  loss  through  the  hoods  is  usually  assumed  to  be  equal  to  the  suction 
maintained  at  the  hoods.  The  collector  drop  in  inches  of  water  is  given 
approximately  by  Equation  6,  but  where  possible  the  resistance  of  the 
particular  collector  to  be  used  should  be  ascertained  from  the  manu- 
facturer. 

Friction  drop  in  the  pipes  must  be  computed  for  each  section  where 
there  is  a  change  in  area  or  in  velocity.  Find  the  velocities  in  each  section 
of  pipe  starting  with  the  branch  most  remote  from  the  fan.  The  friction 
drop  for  these  sections  can  be  determined  by  reference  to  Table  6.  Total 
friction  loss  in  the  piping  system  is  the  friction  drop  in  the  most  remote 
branch  plus  the  drop  in  the  various  sections  of  the  main,  plus  the  drop 
in  the  discharge  pipe. 
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EFFICIENCY  OF  EXHAUST  SYSTEMS 

The  efficiency  of  an  exhaust  system  depends  upon  its  effectiveness  in 
reducing  the  concentration  of  dusts,  fumes,  vapors  and  gases  below  the 
safe  or  threshold  limits9. 

Too  much  emphasis  cannot  be  placed  on  the  necessity  of  testing  exhaust 
systems  frequently  by  determining  the  concentration  of  atmospheric  con- 
tamination at  the  worker's  breathing  level.  Commonly  accepted  values 
of  threshold  limits  for  the  usual  gases  and  vapors  are  given  in  Table  7. 

SELECTION  OF  FANS  AND  MOTORS 

Manufacturers  generally  provide  special  fans  for  the  collection  of 
various  industrial  wastes.  These  are  available  for  the  collection  of  coal 
dust,  wood  shavings,  wool,  cotton  and  many  other  substances.  For 

TABLE  7.    THRESHOLD  LIMITS  OF  COMMON  VAPORS  AND  GASES'* 


SUBSTANCE 

SPEC.  GRAY. 
or  GAS  on 
VAPOB  (Am  1) 

INFLAMMABLE 
LIMITS 
(%) 

PHYSIOLOGICAL 
ACTION 

MAXIMUM 
ALLOWABLE 
CONCENTRATION 

(PPM) 

Chlorine  
Ozone  

Hydrogen  chloride  

Sulphur  dioxide  
Carbon  monoxide  
Hydrogen  sulphide  
Benzene  

2.486 
5.5 
1.2678 
2.2638 
0.9671 
1.190 
2.73 

non-inflamm. 
do 
do 
do 
12.5-74 
4.3-46 
1.4-7,0 

irritant 
do 
do 
do 
asphyxiant 

anesthetic 

0.35 
0.80 
10.0 
10.0 
100.0 
85-130 
100  0 

Methanol  

Carbon  tetrachloride  

1.1 
5.3 

7.5-26.5 
non-inflamrn. 

do 
do 

100.0 
100.0 

aThe  Prevention  of  Occupational  Diseases,  by  R,  R.  Sayera  and  J.  M.  DallaValle  (Mechanical  Engi- 
neering, VoL  57,  No.  4,  April,  1935). 

particular  features  concerning  special  fans,  consult  the  Catalog  Data 
Section  of  THE  GUIDE  and  manufacturers'  data.  When  substances 
having  an  abrasive  character  are  conveyed,  the  fan  blades  and  housing 
should  be  protected  from  wear.  This  may  be  accomplished  by  placing  a 
collector  on  the  negative  side  of  the  fan  or  by  lining  the  housing  and 
blades  with  rubber. 

If  no  future  expansion  of  an  exhaust  system  is  contemplated,  the  fan 
motor  should  be  chosen  to  provide  the  calculated  air  volume.  Should, 
however,  the  exhaust  system  be  required  to  handle  more  air  in  the 
future,  the  motor  should  be  adequate  for  the  maximum  load  anticipated. 
Further  information  regarding  the  choice  of  fans  and  motors  is  given  in 
Chapters  29  and  35. 

PROTECTION  AGAINST  CORROSION 

The  removal  of  gases  and  fumes  in  many  chemical  plants  requires  that 
metals  used  in  the  construction  of  the  exhaust  system  be  resistant  to 


•Criteria  for  Industrial  Exhaust  Systems,  by  J.  J.  Bloomfield  (A.S.H.V.E.  TRANSACTIONS,  Vol.  40, 
1934,  p.  353). 
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TABLE  8.    MATERIALS  TO  BE  USED  FOR  THE  PROTECTION  OF 
EXHAUST  SYSTEMS  AGAINST  CoRROsioNa 


TYPE  OF  FUME  CONVEYED 

PROTECTIVE  MATERIAL  TO  BE  USED 

Chlorine  
Hydrogen  sulphide  
Ammonia  
Sulphurous  gases  
Hydrochloric  acid  
Nitrous  gases  

Rubber  lining  or  chrome-nickel  alloys 
Aluminum  coated  iron,  aluminum,  high  chrome-nickel  alloys 
Iron  or  steel 
High  chrome-nickel  alloys 
Rubber  lining,  chrome-nickel  alloys 
Nickel-chrome  alloys 

"Condensed  from  data  given  by  Chilton  and  Huey  (Industrial  and  Engineering  Chemistry,  Vol.  24,  1932). 

chemical  corrosion.  A  list  of  the  materials  which  may  be  used  to  resist 
the  action  of  certain  fumes  is  given  in  Table  8.  Hoods  and  ducts  when 
short,  may  frequently  be  constructed  of  wood  and  be  quite  effective. 
Rubberized  paints  are  available  and  may  be  applied  as  protective  coatings 
in  handling  such  gases  and  fumes  as  chlorine  and  hydrochloric  acid. 


Chapter  40 

DRYING  SYSTEMS 

Drying   Methods,   Driers,   Mechanism  of  Drying,   Moisture , 
General  Rules  for  Drying,  Equipment,  Humidity  Chart,  Com- 
bustion, Design,  Estimating  Methods 

DRYING,  in  its  broader  sense,  refers  to  the  removal  of  water,  or  other 
volatile  liquid  from  either  a  gaseous,  liquid,  or  solid  material.  In 
practice,  the  process  of  direct  drying  gaseous  material  is  referred  to 
generally  as  dehumidifying,  or  condensing,  and  in  some  cases  chemicals 
are  used  in  the  adsorption  or  absorption  of  moisture.  Drying  a  liquid  is 
called  evaporation  or  distillation.  The  common  usage  of  the  word  drying 
refers  to  the  removal  of  water  or  other  liquid,  such  as  a  solvent,  by  evapo- 
ration from  a  solid  material. 

When  the  solid  to  be  dried  contains  large  amounts  of  free  water,  the 
actual  drying  process  is  frequently  preceded  by  the  removal  of  part  of  the 
water  by  some  mechanical  means,  such  as  filtration,  settling,  pressing  or 
centrifuging.  Removal  of  as  much  water  as  possible  by  such  methods  is 
usually  advisable,  as  the  cost  of  these  operations,  per  pound  of  water 
removed,  is  generally  much  less  than  by  evaporation. 

DRYING  METHODS 

Drying  may  be  accomplished  in  any  one  or  combination  of  the  following 
methods : 

1.  Radiation. 

2.  Conduction,  or  direct  contact. 

3.  Convection. 

Radiation 

The  source  of  heat  for  radiation  may  be  either  the  sun,  or  heated 
surfaces.  Sun  drying  is  practiced  where  danger  from  rain  is  slight,  and 
where  sufficient  time  can  be  allowed.  Where  a  strict  adherence  to  a 
schedule  is  necessary,  or  where  dusty  atmosphere  is  present,  this  method 
is  not  in  favor.  Fruits  are  often  dried  in  the  sun. 

Radiation  from  hot  surfaces  (heated  by  steam,  electricity,  or  other 
means)  furnishes  generally,  from  one-third  to  one-half  the  total  heat 
required  for  evaporation.  Convection  currents  set  up  by  these  hot 
surfaces  and  the  cooler  materials  carry  the  balance  of  the  heat. 
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Conduction  or  Direct  Contact  Drying 

This  method  of  drying  is  advantageous  where  the  material  can  be 
flowed  on  to  the  drying  surface  and  the  dried  material  scraped  off,  or 
where  the  material  to  be  dried  can  be  handled  in  a  sheet,  and  where 
there  is  no  danger  of  subjecting  the  product  to  the  full  temperature  of  the 
heating  medium.  The  source  of  heat  for  this  method  may  be  steam, 
electricity,  hot  oil  or  hot  water. 

Convection 

The^  circulation  of  heated  air  or  other  gases  about  the  material  to  be 
dried  is  generally  termed  convection  drying.  The  convection  may  be 
either  natural  or  forced.  With  forced  circulation,  the  temperature  of  the 


Ar«B  under  curve  and  above  oven  temperature 

represents  useful  heat 
Area  between  oven  and  room  temperature 
represents  heat  In  vented  air 


Example 

When  air  Is  supplied  to  oven  at  temperature 

CD 

?H 

Useful  heat  ecjuali  area 

LS-S4 

BQHJ 

"Vented  heat  equals  area 

ABEF 

ABJK 

""""-Oven  temperature 


~CtTair  circulated 


FIG.  1.    RELATION  BETWEEN  USEFUL 
AND  TOTAL  HEAT  SUPPLIED 


PER  CENT  WATER,  DRY  BASIS 


FIG.  2.    RATE  OF  DRYING  OF 
WHITING  SLAB 


drier  is  more  uniform  and  the  rate  of  drying  is  much  higher  thari  with 
natural  circulation.  Where  humidity  is  used,  the  control  is  much  easier, 
and  more  accurate. 

The  source  of  heat  for  a  convection  drier  may  be  steam,  electricity, 
hot  water,  oil-fired  heater,  gas-fired  heater,  or  coal  furnace.  Where  either 
oil,  gas  or  coal  is  used,  the  type  of  heater  may  be  direct  or  indirect;  i.e., 
the  products  of  combustion  may  be  used  (direct),  or  the  circulated  air 
may  be  heated  through  an  interchanger  (indirect). 

Where  the  direct  type  is  used,  there  is  naturally  a  higher  thermal 
efficiency,  but  it  can  only  be  used  where  the  odor,  soot,  or  the  chemical 
elements  of  the  products  of  combustion  do  not  affect  the  material  being 
dried.  When  heat  economy  is  an  important  consideration  this  method 
(Fig.  1)  may  be  used,  permitting  a  small  amount  of  air  to  be  circulated,  if 
a  sacrifice  of  accurate  control  of  temperature  and  humidity  can  be 
justified. 

DRIERS 

The  term  adiabatic  drier  is  applied  to  a  drier  in  which  all  the  heat  is 
supplied  by  air  externally  heated.  The  temperature  of  the  air  in  the 
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intermediate  state  of  unsaturated  surface  drying  does  not  occur  and  the 
drying  is  of  the  sub-surface  type  during  practically  the  whole  of  the 
falling  rate  period.  With  other  kinds  of  material,  particularly  thin  sheets, 
such  as  newsprint  paper,  sub-surface  drying  may  occur  at  such  a  low 
moisture  content  that  it  is  not  encountered  in  commercial  work,  the 

TABLE  2.    FACTORS  INFLUENCING  DRYING 


FACTOR 

DRTING  PERIOD 

Constant  Rate,  Unsaturated  Surface 

Sub-Surface 

Temperature 

Increase  in  temperature  increases 
drying  rate 

Increase  in  temperature  in- 
creases drying  rate,  because 
with  decreased  viscosity,  dif- 
fusion increases 

Humidity 

Drying  rate  increases  as  humidity 
is  decreased 

No  effect  until  equilibrium  con- 
tent is  reached;  drying  then 
ceases 

Air  Velocity 

Drying  rate  varies  approximately  as 
the  0.6  power  of  the  velocity 

No  effect 

Air  direction 

Drying    rate   increases,  the    more 
nearly  the  air  blows  perpendicular 
to  surface;  for  dead  air  film  becomes 
thinner 

No  effect 

Thickness  of 
Material 

Drying  rate  is  not  affected  by  the 
thickness 

Drying  rate  varies  inversely  as 
the  square  of  the  thickness 

falling  rate  period  being  confined  solely  in  practice,  to  unsaturated  surface 
drying. 

MOISTURE 

Moisture  in  the  solid  may  be  in  either  of  two  forms: 

1.  Capillary  or  free. 

2.  Hygroscopic  or  chemically  combined. 

Free  moisture  is  contained  in  the  capillary  spaces  between  the  particles 
or  fibers  of  the  materials.  The  loss  of  this  moisture  changes  only  the 
weight  of  the  material.  Chemically  combined  or  hygroscopic  moisture  is 
intimately  associated  with  the  physical  nature  of  the  material  and  its 
removal  changes  both  the  physical  characteristics  as  well  as  the  chemical 
properties.  The  amount  of  hygroscopic  moisture  a  material  can  contain 
is  limited.  This  limit  is  called  the  fiber  saturation  point.  When  material 
is  dried  below  this  point,  care  must  be  exercised  to  avoid  physical  changes 
in  the  material,  such  as  shrinkage,  hardening,  etc.  All  hygroscopic 
materials  have  definite  equilibrium  moisture  contents  dependent  on 
temperature  and  humidity.  Materials  are  frequently  dried  to  a  lower 
moisture  content  than  those  of  equilibrium  conditions  in  use,  and  allowed 
to  regain  the  necessary  moisture  after  leaving  the  drier  to  equalize  the 
moisture  in  the  material.  Fig.  31  shows  the  equilibrium  moisture  content 
of  wood. 


.  S.  Department  of  Agriculture  Bulletin,  No.  1136. 
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GENERAL  RULES  FOR  DRYING 
Temperature 

The  highest  temperature  possible  should  be  used  because  of  faster 
drying  and  smaller  requirements  for  ventilation.  The  amount  of  moisture 
that  can  be  carried  by  a  pound  of  air  increases  rapidly  with  rise  in  tem- 
perature as  shown  in  the  humidity  chart  of  Fig.  4.  ^  Too  high  a  tempera- 
ture may  cause  spoilage  of  materials  ;  many  materials  calcine  or  change 
their  chemical  properties  if  heated  too  hot;  gypsum  and  glauber  salts  lose 
some  of  the  chemically  combined  water,  fall  apart,  and  change  their 
chemical  properties,  Too  high  or  rapid  rise  in  temperatures  in  drying 
lumber  or  ceramics  may  create  a  liquid  vapor  tension  within  the  material 
so  high  that  the  cells  explode,  causing  permanent  injury  to  the  fiber.  If 
too  high  a  temperature  is  used  on  some  chemicals,  they  begin  to  react 


>20 
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</> 
o 


0  20  40  60  80  100 

RELATIVE  HUMIDITY  IN  ATMOSPHERE,  PER  CENT 

FIG.  3.    RELATION  OF  EQUILIBRIUM  MOISTURE  CONTENT  IN  WOOD 
TO  THE  RELATIVE  HUMIDITY  OF  SURROUNDING  AIR 

exo thermally;  a  temperature  rise  and  chemical  action  from  within  will 
burn  the  materials,  e.g.,  bakelite  products,  gunpowder,  etc.  During  the 
constant  rate  period  of  drying,  the  material  heats  only  to  the  wet-bulb 
temperature  of  the  surrounding  air,  consequently  high  temperatures  will 
not  injure  the  material  in  this  stage. 

Humidity 

Moisture  in  the  drying  air  may  be  very  important.  Many  materials 
tend  to  case-harden,  dry  on  the  outside,  forming  a  skin  which  retards  the 
moisture  flow  from  the  inside  to  the  surface,  or  stops  it  completely,  and  so- 
increases  the  drying  time  very  much  or  causes  a  change  of  the  physical 
properties  of  the  material.  It  is  often  necessary  to  add  humidity  to  the 
air  in  the  initial  stage  of  drying.  Lumber  case-hardens,  cracks,  and 
warps  if  the  outside  is  dried  too  fast.  Ceramics  crack  if  not  heated  through 
before  drying  commences.  Elastic  materials  warp  while  others  crack  if 
not  evenly  dried.  Many  paints  case-harden  if  not  dried  under  high 
humidity. 

On  the  other  hand,  in  the  case  of  those  materials  whose  physical  or 
chemical  properties  require  that  they  be  dried  at  relatively  low  tem- 
peratures high  humidity  tends  to  retard  drying  in  the  first  stage  and  may 
even  stop  it  altogether  in  the  final  stage.  Where  drying  temperatures- 
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below  120  to  140  F  are  used  the  drying  rate  may  be  highly  dependent  on 
atmospheric  humidity  conditions.  In  such  instances  it  is  often  desirable 
to  dehumidify  the  air  entering  the  drier  during  periods  of  high  atmos- 
pheric humidity;  where  a  high  degree  of  uniformity  is  required  it  is  often 
possible  to  secure  complete  independence  of  atmospheric  conditions  by 
recirculating  the  air  in  a  closed  system  which  includes  a  suitable  dehu- 
midifier.  For  this  purpose  absorptive  dehumidifying  systems  have  the 
advantage  of  accomplishing  the  desired  reduction  of  humidity  without 
appreciably  elevating  or  lowering  the  dry-bulb  temperature  of  the  air; 
for  this  reason  after-cooling  is  not  required,  and  reheating  is  reduced  to  a 
minimum.  Complete  descriptions  of  such  dehumidifying  systems  are 
given  in  Chapter  23  on  Cooling  and  Dehumidification  Methods. 

Air  Circulation 

As  noted  under  Mechanism  of  Drying,  air  velocity  is  more  important 
in  the  first  two  stages  of  drying  than  in  the  last,  and  for  this  reason  zone 
drying  in  continuous  driers  is  frequently  considered.  It  permits  accurate 
regulation  of  temperature,  humidity,  and  velocity  in  the  different  zones. 
High  velocity  results  in  more  rapid  drying,  more  even  distribution  of 
temperature  and  consequently  more  even  drying  in  the  first  period.  Too 
high  a  velocity  may  be  detrimental  because  of  excessive  power  needed  for 
creating  it,  or  because  the  material  may  blow  away  if  it  is  light  and  fluffy. 
In  the  drying  of  paints,  varnishes,  and  enamels,  high  velocity  or  improper 
distribution  of  the  air  even  with  the  use  of  filters,  may  cause  dust  already 
in  the  drier,  to  be  blown  against  the  material,  ruining  the  finish.  Table  3 
presents  data  on  drying  of  various  materials. 

EQUIPMENT  FOR  DRYING 

Equipment  for  drying  may  be  divided  into  the  following  classes: 

1.  Heat  and  humidity  supply. 

2.  Methods  of  handling. 

3.  Ovens. 

The  heat  and  humidity  supply  for  low  temperature  work  up  to  250  F 
is  often  steam;  steam  coils  either  in  the  oven  or  outside,  heat  the  air  used 
for  drying.  Circulation  of  heated  oil  is  used  to  a  limited  extent,  but  the 
danger  of  leaks  is  serious,  for  if  the  oil  is  hotter  than  the  flash  point,  a 
fire  may  start  if  the  oil  is  released  to  the  atmosphere.  In  many  cases  where 
steam  is  not  available,  direct  or  indirect-fired  heaters  are  used  with  gas  or 
oil  as  fuel.  Indirect  heaters  should  be  carefully  selected  from  a  standpoint 
-of  long  life  and  efficiency.  The  heat  exchange  surface  should  be  adequate 
in  area  and  easily  accessible  for  cleaning  and  removal.  For  extremely 
high  temperatures,  alloy  surface  may  be  used.  With  direct-fired  equip- 
ment care  must  be  used  in  the  selection  of  burners  and  sufficient  com- 
bustion space  allowed  to  insure  complete  combustion  of  fuel.  Humidity 
•can  be  obtained  in  driers  by  the  use  of  steam  spray,  humidifiers,  or 
recirculation. 

Methods  of  handling  of  material  have  been  indicated  in  Table  1. 

For  low  temperature  work  up  to  200  F  ovens  and  driers  are  commonly 
"built  of  two  thicknesses  of  insulating  board  (fireproof  preferred),  with  air 
«pace  between.  As  the  temperature  increases  materials  better  able  to 
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withstand  the  heat  must  be  used.  Metal  lined  ovens  are  easy  to  keep 
clean,  and  many  high  temperature  driers  up  to  1000  F  are  made  of  metal 
panels  with  insulation  between.  Care  should  be  taken  to  avoid  through 
metal  (metal  extending  through  the  oven  from  inside  to  out).  Batch  type 
ovens  are  entirely  closed  while  in  use  and  control  of  air  leakage  is  easily 
taken  care  of.  In  the  continuous  drier  where  the  ends  are  open,  heat  and 
air  leakage  becomes  important.  Warm  air  leaking  out  of  the  ends  of 
ovens  means  a  heat  loss,  and  often  the  temperature  and  humidity  outside 
the  oven  becomes  unbearable.  For  this  reason,  inclined  or  bottom  entry 
ovens  are  used,  as  the  warm  air  leakage  can  be  more  easily  controlled. 
See  Figs.  5  and  6. 


FIG.  5.  SMALL  PART  MULTIPLE  PASS  OVEN      FIG.  6.   INCLINED  END  ENAMELING  OVEN 


HUMIDITY  CHART  FOR  DRYING  WORK 

In  drying  problems  the  chemical  engineer  uses  different  psychrometric 
values  than  those  used  by  the  heating,  ventilating  and  air  conditioning 
engineer.  The  humidity  chart  illustrated  in  Fig.  4  is  based  upon  values 
determined  from  the  following  explanations: 

Humidity  (H)  is  the  number  of  pounds  of  water  vapor  carried  by  one 
pound  of  dry  air. 

Percentage  Humidity  (%  H)  is  the  number  of  pounds  of  water  vapor 
carried  by  one  pound  of  dry  air  at  a  definite  temperature,  divided  by  the 
number  of  pounds  of  vapor  that  one  pound  of  dry  air  would  carry  if  it 
were  completely  saturated  at  the  same  temperature. 

Per  Cent  Relative  Humidity  ($)  is  the  ratio  of  weight  of  water  vapor 
contained  in  any  given  volume  of  air,  to  the  weight  of  water  vapor  present 
in  the  same  volume  of  saturated  air,  all  values  referring  to  the  same 
temperature. 

To  convert  from  one  relation  to  the  other, 


where 


29.92  -  & 
29.92  -  p 


(1) 


vapor  pressure  of  water,  inches  mercury;  at  dry-bulb  temperature,  degrees 
Fahrenheit. 


Pa. 


COMBUSTION 


Where  products  of  combustion  are  used  directly  in  the  oven,  a  know- 
ledge of  their  formation  and  heat  values  is  important.    The  properties  of 
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TABLE  3.    DRYING  TIME  AND  CONDITIONS  FOR  REPRESENTATIVE  MATERIALS* 


MATERIAL 

TKMPJDHATURE 
DmoF 

?BR  CENT 

R.BLATIVB 

HUMIDITY 

DRYING 
TIME 

140-180 

6  Hrs 

200 

2.5Hrs 

Rnnnnn  PnnH   \A  in    Thick                      

140 

4-6  Hrs 

300 

15  Min 

140 

18  Hrs 

"RoHHi'ncr                                                

150-190 

Blankets          

120 

40  Min 

325 

12  Min 

350  to  90 

24  Hrs 

1100 

108  Min 

150 

4.  5  Hrs 

Candied  Peel                 

165 

2  Hrs 

180 

5  Hrs 

110-150 

Ceramics  before  firincr                                            «»  •• 

150 

70  to  20 

24  Hrs 

Chicle         

95-100 

170-210 

10  Hrs 

150-200 

4-6  Hrs 

Coffee                        

160-180 

24  Hrs 

Conduit  (Enamel)                       .        

400  Max 

2  Hrs 

Cores,  Oil  sand  for  molding  J^—  1  in.  thick 
Black  sand  with  goulic  binder  f  2  }"'  *}j|^ 
about  0.6  of  time....  {if  Sn.'  thick 
Cores  Crank  case  (in  continuous  ovens)  

300 
480 
480 
700 
525-600 

30  Min 
2.5  Hrs 
4.5  Hrs 
10  Hrs 
2-3  Hrs 

Cores  Radiator  (in  continuous  ovens)               «„  .. 

275-450 

1,5  Hrs 

Cornstalk  Board                                             

150 

2  Hrs 

Cotton  Linters                            

180 

Enamels  synthetic       -  

Finish  coat  on  autos        ..          

225 

2  Hrs  + 

Ice  boxes  all  metal  (white)    

290-425 

Air  Dry 
IHr 

Ice  boxes  wood  inside  (white)  

Enamel  not  synthetic             .              

225 

3  Hrs 

Fence  posts  green                                   .  —  - 

200 

1  Hr 

Golf  balls  (white)  
Small  parts  (auto)  black  
Steel  furniture  
License  plates 

90-95 
450 
225-300 
250 

40-50 

18-36  Hrs 
1  Hr 
30-350  Min 
1.5  Hrs 

Feathers  
Films,  Photographic  
Fruits  and  Vegetables  

Gelatin  

Glue  bone,  thin  sheets  on  wire  trays  

Glue  size  on  furniture.  
Gut                                                

150-180 
85-110 
140 
110 
110 
70-90 
70-90 
130 
150 

20-30  Min 
2-6  Hrs 

6-9  Days 
2  Days 
4  Hrs 

Gypsum  board  H  in.  thick  {  f£&Wet 

Gypsum  block  
Hair  felt  
Hair  goods  

Hanks  on  poles 

350 
275 
350-190 
180-200 
150-190 
120 

60  Min 
8-16  Hrs 

IHr 
2  Hrs 

Hats  felt  
Hides  thin  leather.  
Hides  heavy.  

140-180 
90 
70-90 

2-4  Hrs 
4-6  Days 

»See  references  at  end  of  chapter. 
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TABLE  3.    DRYING  TIME  AND  CONDITIONS  FOR  REPRESENTATIVE  MATERIALS8 — Con. 


MATERIAL 

TEMPERATURE 
DEGF 

PER  CUNT 
RELATIVE 
HUMIDITY 

DRYING 
TIME 

Hops  

120-180 

[nk  printing  

70-300 

apan  beds  

300 

1  5-2  Hrs 

Japan  cash  register  

300-450 

1  5  Hrs 

Japan  metal  shelving  

200 

30  Min 

Knitted  fabrics  

140-180 

Leather  mulling  

78-95 

85 

Leather  thick  sole  

90 

70 

4  Days 

Leather  uppers  

80 

2-3  Days 

^inoleurn  varnish  
lithographing  on  tin  color  work.  
Lithographing  on  tin  Japan  

110-145 
250-270 
350 

10-30 

6-10  Hrs 
18-25  Min 

Lumber  green  hardwood  

100-180 

3-180  Days 

Lumber  green  soft  wood  

160-220 

2-14  Days 

Macaroni  

90-110 

24-48  Hrs 

Matches  

140-180 

Matrix  

350 

15  Min 

Vlilk  and  other  liquid  foods  spray  dried  
Millboard  sheets  
Moulds  green  sand  C.I.  flasks  (onef    8  in.  thick 
surface  only  exposed)  \  13  in.  thick 
Motors,  field  coils  
Motors,  stators  
Noodles     

135-300 
95 
600 
700 
180 
250 
90-95 

Instantaneous 
10  Hrs 
6  Hrs 
13  Hrs 
6  Hrs 
6.5  Hrs 

Nfuts  

75-140 

24  Hrs 

Dil  cloth  

150 

Paint,  wood  wheels  

150 

35 

8-24  Hrs 

Paint,  on  sheet  metal  

135-140 

22-30 

2.5  Hrs 

Paper,  machine  dried  

180 

•*aper,  air  dried  

90-200 

Paper  wall,  ground  coat  

140 

3  Min 

Paper  wall,  varnished  

140-160 

45 

15  Min 

•^aper  cardboard,  spirit  varnish    . 

150 

1-2  Min 

Beaches    .... 

135 

26  Hrs 

Pears  

140 

24  Hrs 

Peas  
Potatoes  sliced...  
Potatoes  steamed  .,  
Prunes  „  .  ... 

150 
85 
170 
140 

6  Hrs 
4  Hrs 
6.  5  Hrs 

^.ags  ,    

180 

Sarnie  fiber 

140 

1.0  Hrs 

Rice  

150 

^.ock  wool  insulation  
Rubber  .  

Rubber  reclaimed 

300 
85-90 
140-200 

8  Hrs 
6-12  Hrs 
1-2  Hrs 

Rugs  

190 

4r-8  Hrs 

Salt  
Sand  loose  1  in.  deep  
Sausage  casings  
Shade  cloth  
Shirts  

Starch  
Stock  feed  mixed  „  „  „  
Storage  battery  plates  

350 
300 
110 
240 
120 
100-125 
180-200 
180-220 
100-110 

90  for 

Rotary   Drier 
10-15  Min 
5  Hrs 
1-2  Hrs 
20  Min 
12-72  Hrs 
1-4  Hrs 
20-30  Min 
24  Hrs 

250 
150-200 

Low  for 

6  Hrs      ' 
20-30  Min 

aSee  references  at  end  of  chapter. 
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TABLE  3.    DRYING  TIME  AND  CONDITIONS  FOR  REPRESENTATIVE  MATERIALS9 — Con. 


MATERIAL 

THMPERATUEB 
DEoF 

PBJR  CENT 
RELATIVE 
HUMIDITY 

DRTING 

TlMB 

Tanin  and  other  chemicals  (spray  dried)  

250-300 

Instantaneous 

Terra  Cotta  (air  drying  in  conditioned  room)  

150-200 

12-96  Hrs 

Tobacco  leaves  .                  ..                         .... 

85-130 

12  Hrs 

Tobacco  stems  

180-200 

12  Hrs 

Varnish  refrigerator  boxes 

110 

35 

5-7  Hrs 

Varnish  steering  wheels       .       .                

110-140 

25-35 

Overnight 

Veneer  J4  in-  3-ply  

120-130 

35-40 

6-8  Hrs   +  2 

1%  m-  5-ply.  

120-130 

35-40 

Hrs  acclima- 
tion 
16-18  Hrs  +  4 

ll^  in.  5-plv.  .... 

120-130 

35-40 

Hrs  acclima- 
tion 
20-24  Hrs  +  4 

Vitreous  Enamel  sheets  before  firing  

170 

Hrs  acclima- 
tion 

Wallboard  pasted  plywood            .    . 

300 

15-20  Min 

Wallboard  fiber  insulating,  roller  type  drier. 

300-385 

2J4-3  Hrs 

Wallboard  fiber  insulating,  truck  type  drier.  

300-385 

24-48  Hrs 

Walnuts  

100 

24  Hrs 

Wheat,  corn,  oats,  rice,  barley  

180 

Wire  cloth  Japan  

200 

20  Min 

Wool  

105 

aSee  references  at  end  of  chapter. 

the  common  constituents  of  fuel  are  shown  in  Table  4.  The  heating  values 
of  oils  are  shown  in  Fig.  7.  The  sensible  heat  in  Btu  contained  in  the 
products  of  combustion  of  an  average  fuel  oil  and  various  gases  is  given 
in  Fig.  8.  The  problem  of  securing  complete  combustion  in  a  heater  is 
important,  in  order  to  secure  efficiency  and  the  absence  of  soot  formation, 
but  unlike  the  ordinary  power  or  heating  boiler,  excess  air  need  not  be 
maintained  at  a  minimum  in  most  cases.  Excess  air  is  generally  admitted 
either  in  the  heater  or  before  the  products  go  into  the  drier. 


DESIGN 

In  all  drying  problems,  data  regarding  temperatures,  time,  and  hu- 
midity must  be  obtained  by  experiment  or  previous  experience.  Experi- 
ments are  best  performed  at  the  temperatures,  humidities,  and  velocities 
to  be  actually  used  in  the  full  sized  drier,  and  with  full  size  samples. 

The  following  nomenclature  and  explanation  of  terms  will  be  used  in 
the  discussion  of  drying  calculations: 

H  =  humidity  of  air,  pounds  of  water  vapor  per  pound  of  dry  air. 
G  »  pounds  of  dry  air  supplied  to  the  drier  per  unit  of  time. 
61  =  pounds  of  stock  dried  per  unit  of  time  in  a  continuous  drier. 
51  =  pounds  of  stock  charged  per  batch  to  a  discontinuous  drier. 
©  -  time. 
Q  »  total  heat  supplied  to  the  drier. 
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t  —  air  temperature. 
&  —  stock  temperature. 

t"  =  average  stock  temperature  over  short  time  interval,  in  a  batch  drier, 
/w  =  wet-bulb  temperature. 
s*  =  specific  heat  of  the  stock. 

B  =  total  radiation  and  conduction  losses  per  unit  time. 
w  =  pounds  of  water  per  pound  of  dry  stock. 
r  =  heat  of  evaporation  of  water. 

$  =  humid  heat  of  air,  i.e.,  heat  necessary  to  raise  1  Ib  of  dry  air  +  H  Ib  of  steam 
1  F. 

Subscript  (1)  designates  conditions  at  the  point  where  the  material  in  question  (air 
or  stock)  enters  and  (2)  where  it  leaves  the  drier. 

Air  driers  may  be  divided  into  two  classes,  those  in  which  all  moisture 
evaporated  from  the  stock  leaves  the  drier  as  vapor  in  the  effluent  air,  and 
those  in  which  part  or  all  of  the  moisture  is  condensed  from  the  air  in  the 
drying  equipment  itself.  In  any  continuously  operating  drier  of  the  first 
type  the  relation  between  moisture  content  of  the  stock  and  quantity  of 
air  required  for  the  drying  operation  is  given  by  the  equation: 


-  Hi) 


(2) 


TABLE  4.    GAS  COMBUSTION  CONSTANTS** 


GAS 

Ol£ 

MOLECULAR 
WSIGHT 

CuFT 
PHRLB 

HEAT  OF 
COMBUSTION 

LBS  PER  LB  OF  COMBUSTIBLE 

Btu  per  Lb 

Required  for  Combustion 

Flue  Products 

Gross 

Net 

Qa 

tfa 

Air 

COa 

HaO 

Nt 

Carbon 

c 

12.000 



14,140 

14.140 

2.667 

8.873 

11.540 

3.667 



8.S73 

Hydrogen 

H* 

2.015 

187.723 

61,100 

51,643 

7.939 

26.414 

34.353 



8.939 

26.414 

Oxygen 

0Z 

32,000 

11.819 















Nitrogen 

N* 

28.016 

13.443 

















Carbon 
Monoxide 

CO 

28.000 

13.506 

4,369 

4,369 

0.571 

1.900 

2.471 

1.571 



1.900 

Carbon 
Dioxide 

C02 

44.000 

8.548 















Methane 

CH4 

16.031 

23.565 

23,912 

21,533 

3.992 

13.282 

17.274 

2.745 

2.248 

13.282 

Ethane 

C2H6 

30,046 

12.455 

22,215 

20,312 

3.728 

12.404 

16.132 

2.929 

1.799 

12.404 

Propane 

C3H8 

44.062 

8.365 

21,564 

19,834 

3.631 

12.081 

15.712 

2.996 

1.635 

12.081 

Sulphur 
Dioxide 

SO* 

64.060 

5.770 















Water  Vapor 

#20 

18.015 

21.017 











Air 



28.900 

13.063 

•All  gas  volumes  corrected  to  60  F  and  30  in.  mercury  barometric  pressure  dry, 
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into  contact  with  the  stock  with  sufficient  intimacy  so  that  the  air  leaving 
the  drier  is  saturated,  or  nearly  so.  Counter-current  as  against  parallel 
flow  of  air  and  stock  ^gives  rise  to  optimum  operating  conditions,  resulting 
in  a  minimum  quantity  of  air  required  (G),  and  a  corresponding  minimum 
loss,  as  sensible  heat,  in  the  exit  air.  Similarly,  continuous  operation  is 
superior  to  intermittent  operation. 

Despite  the  fact  that  the  sensible  heat  loss  increases  with  the  rise 
in  temperature  of  the  air,  the  percentage  of  heat  lost  from  this  source 
decreases,  provided  the  increase  in  moisture  carrying  capacity  of  the  air, 


TEMPERATURE,  DEG  FAHR 
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90 
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FIG.  8.   HEAT  CONTENT  OF  GASES  ABOVE  32  F  IN  BTU  PER  POUND 


due  to  high  temperature,  is  actually  utilized.  To  secure  maximum 
thermal  efficiency  in  drying,  a  high  drying  temperature  and  high  satura- 
tion of  the  outlet  air  is  imperative. 

Ventilation  Phase 

The  technique  of  attack  of  the  ventilation  phase  of  a  drying  problem  is 
best  made  clear  by  an  illustration.  Assume  that  a  material  containing 
40  per  cent  moisture  is  to  be  dried  until  this  quantity  of  moisture  is 
reduced  to  5  per  cent  by  weight.  The  material  will  stand  an  air  tempera- 
ture of  150  F  and  it  is  possible  to  provide  sufficiently  good  contact 
between  the  material  and  the  drying  air  so  that  the  effluent  air  can  be 
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brought  up  to  50  per  cent  humidity  at  150  F.  The  drier  is  to  use  room 
air,  the  temperature  and  humidity  of  which  may  be  assumed  to  average 
70  F  and  50  per  cent.  A  counter-current  drier  will  be  employed  and  the 
air  in  this  drier  will  be  kept  at  a  substantially  constant  temperature  of 
150  F  by  heaters  thermostatically  controlled.  The  stock  enters  at  70  F, 
rises  quickly  to  the  wet-bulb  temperature  of  the  air,  with  which  it  is  in 


0.008  HI 


W2-OJ6687 


W2*0.0527-/ 

W-POUNDS  OF  WATER  PER  POUND  DRY  STOCK 

FIG.  9.    TEMPERATURE  «HUMIDITY  RELATIONS  IN  A  DRIER 

600- 


0  20  40  60  80  100  120 

TIME,  MINUTES 
FIG.  10.    CORE  DRYING  TIME  TEMPERATURE  RELATIONS 


Vent  33  J  percent  at  422  F 

/        Recirculatbn  66$ percent 
[          at  422  F-Y  Ib 


Own 


825  F 


15  Ib  product  of  perfect 
combustion  per  pound  fuel 


Excess  air  for  combustion 
X  Ib  at  70  F 


FIG.  11.    CORE  DRYING  DIAGRAM  OF  COMBUSTION  PRODUCTS  AND  AIR 

contact,  and  is  found  experimentally  to  maintain  wet-bulb  temperature 
until  the  moisture  content  has  fallen  to  20  per  cent,  From  this  point  its 
temperature  rises  progressively  as  it  dries.  In  this  range  the  difference  in 
temperature  between  stock  and  air,  divided  by  the  wet-bulb  depression, 
may  be  assumed  proportional  to  the  moisture  content. 

The  moisture  content  of  the  entering  stock,  in  the  units  here  employed, 
is: 


40  per  cent  water  5  per  cent  water 

"  °'6667:  ""  -  " 


60  per  cent  dry  stock 
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te>i  —  w2  =  A  w  =  0.614  Ib  water  evaporated  per  pound  of  dry  stock.  Since  the  air 
leaving  the  drier  is  50  per  cent  saturated  at  150  F  from  Fig.  4,  Hi  =  0.105.  Similarly, 
Hi  =  0.008,  corresponding  to  50  per  cent  humidity  at  70  F.  Consequently  Hi  -  Hi  = 
A  H  =  0.097  Ib  water  evaporated  per  pound  dry  air. 

Inspection  of  Equation  2  shows  that  (H)  is  linear  in  w.  Hence,  one 
can  construct  on  Fig.  9,  the  line  marked  (H)  being  drawn  connecting  the 
initial  and  final  points  just  cpmputed. 

Since  the  air  leaving  the  drier  has  a  temperature  of  150  F  and  a 
humidity  of  0.105,  Fig.  4  shows  that  its  wet-bulb  temperature  is  129  F. 
This  is  plotted  at  the  right  hand  side  of  Fig,  9.  Since  the  stock  maintains 
a  wet-bulb  temperature  down  to  20  per  cent  moisture,  where  w  =  0.25, 
the  corresponding  humidity  can  be  computed  by  the  use  of  Equation  2 
or  by  reading  directly  from  the  diagram,  the  value  being  0.0392.  Fig.  4 
shows  that  the  corresponding  wet-bulb  temperature  is  105  F.  Any 
intermediate  point  on  the  wet-bulb  temperature  curve  can  be  calculated 
similarly.  The  points  for  w  =  0.5  are  shown  in  Fig.  9. 

Below  the  point,  w  =  0.25,  the  temperature  of  the  stock  begins  to  rise 
appreciably  above  the  wet-bulb  temperature.  Its  temperature  at  any 
given  point  in  this  range,  for  example  at  w  =  0.15,  may  be  computed  as 
follows:  At  this  point,  H  =  0.0234  (from  Equation  2)  and  from  Fig.  4, 
I*  =  95  F.  Hence  the  wet-bulb  depression,  /  -  ^  =  150  -  95  =  55  F. 
The  assumption  made  regarding  the  relation  between  stock  temperature 
and  moisture  content  in  this  range  may  be  formulated : 

A/'  w 


t  -  tw        0.25 

At  the  point  w  =  0.15,  A/1  =  33  F,  f  =  117  F.  The  temperature  of  the 
stock  leaving  the  drier,  similarly  computed,  is  136  F. 

Fig.  9  thus  computed  gives  in  graphical  form  the  information  as  to  the 
temperature  humidity  relationships  in  the  drier.  The  air  requirements 
can  be  computed  by  Equation  2.  Thus,  per  100  Ib  of  dry  stock,  it  is 
necessary  to  supply  633  Ib  of  dry  air.  Furthermore,  since  from  Fig.  4 
it  is  seen  that  the  volume  of  50  per  cent  saturated  air  at  70  F,  is  13.55  cu  ft 
per  pound;  8580  cu  ft  of  room  air  must  be  supplied  per  100  Ib  dry  stock. 
Similarly,  since  the  volume  of  50  per  cent  saturated  air  at  150  F  is  18.0 
cu  ft  per  pound,  the  volume  of  hot  wet  air  discharged  from  the  drier  is 
11,400  cu  ft  per  100  Ib  of  dry  stock.  Finally,  the  heat  necessary  to  supply 
to  the  drier,  as  a  whole,  or  to  any  section  of  it,  may  be  computed  from 
Equation  3. 

High  Temperature  Drier 

In  the  design  of  a  high  temperature  drier  unit  a  method  of  approach 
to  the  necessary  calculations  involved  is  outlined  as  follows: 

Example  L  Cores  4  and  5  in,  thick  are  to  be  dried  by  heating  to  a  temperature  at 
400  F.  An  intermittent  type  box  oven  is  to  be  used,  size  12  x  14  x  10  ft  with  856  sq  ft 
surface  having  an  average  heat  transfer  of  0.3  Btu  per  square  foot  per  degree  per  hour. 
Drying  time  as  determined  by  test  is  2  hr  (Fig.  10).  Cores  weighing  6  tons,  and  15-ton 
steel  plates,  trucks  etc.  are  delivered  to  the  drier  at  70  F.  The  oven  is  heated  by  an 
external  heater;  the  products  of  combustion  and  66%  per  cent  recirculated  air  will  be 
delivered  to  the  oven  at  825  F.  Fuel  oil  of  19,980  Btu  gross  and  18,830  Btu  per  pound 
net  heating  value,  weighing  6.75  Ib  per  gallon  and  having  15  Ib  product  per  pound  fuel 
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for  perfect  combustion,    Cores  consist  of  91  per  cent  sand,  3  per  cent  oil  binder,  and 
6  per  cent  water. 

Solution.    Heat  required  per  ton  of  cores: 

Lb  Material    X  Temp.  Rise  X  Sp,  Ht. 

Sand .'  0.91  X  2,000  X  (400  -  70)  X  0.2  - 

Binder. 0.03  X  2,000  X  (400  -  70)  X  0,4  - 

Water  heating 0.06  X  2,000  X  (212  -  70)  X  1.0  - 

Water  evaporation 0.06  X  2,000  X  970  (Fig.  4)  - 

Water  superheating  (approx.  50  per  cent  reaches  575  F) 

6  «  ().5  X  0,06  X  2,000  X  (575  -  212)  X  0.45  - 


Btu 

120,120 

7,920 

17,040 

116,520 


Total  Heat 


-         9,800 
271, 400  Btu 


HEATING  LOAD  FIRST  HOUR 


HBATBD  TO 

Btti 

Sand  

212  F 

14.9 

5^  X  120,120 

51,688 

Bindera  ,  

212  F 

330 

S£*  7-920 

3,408 

Water 

212  F 

330 

17,040 

Evaporation  
Superheat  

66.7% 
66.7% 

0.667  X  116,520 
0.667  X      9,800 

77,680 
6,530 

For  6  ton                    

6  X  156,346 

-      938,076 

Steel  plates  
Radiation**  

390  F 

422  F  Avg, 

320  X    30,000  X  0.12 
352  X        856  X  0,30 

-    1,152,000 
90,394 

Total                  

2,180,470 

HEATING  LOAD  SECOND  HOUR 


Sand  -  

400  F 

5§|  X  120,120 

68,432 

Bindera  

400  F 

330            ' 
ill  X      7,920 

4,512 

Water                         .     -,. 

330            ' 

Evaporation  ,  

33.3% 

0.333  X  116,520 

38,840 

Suoerheat 

33.3% 

0.333  X      9,800 

3,270 

Total  Per  Ton 115,054 


For  6  ton 

6 

V 

115,054 

as 

690.324 

Steel  plates  
Radiation^.    . 

460 
575 

70 
505 

X 

V 

30,000 
856 

X 

V 

0.12      « 
0,30      - 

252,000 
129,684 

Total 

1,072,008 

aBinder  oxidizes  and  liberates  heat,  which  is  neglected  in  this  calculation. 

^Average  value  of  coefficient  is  less  than  0,3  because  oven  is  not  up  to  575  F.    This  is  neglected.    422  F 
is  arrived  at  by  taking  area  under  curve  as  compared  to  area  under  573  F  ordinate. 
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Heat  in  1  Ib  fuel  oil  =  18,830  Btu 

Heater  Loss  (10  per  cent)  =  1883 

Duct  Loss  (5  per  cent)       =    942  2,825  Btu 

16,005  Btu  available  to  heat  oven. 
Heat  content  of  gases  in  1  Ib  fuel  oil  at  825  F  is  205  Btu  (Fig.  8) 

1 5  Ib  X  205  =  3,075  Btu  sensible  heat  in  products 

of  perfect  combustion. 

12,930  Btu  to  heat  air  X  and  Y 

(Fig.  11). 

Y  (Sm  -  Sm)  -f  X  (Sm  -  S7o)  =  12,930  (4) 

Y  =  2  (X  -f-  15)  for  66.7  per  cent  recirculation 

where 

S  =  heat  content  of  air  at  temperature  noted  taken  from  Fig.  8. 

(Recirculation  and  exhaust  contains  water  vapor,  products  of  combustion,  and  a 
greater  portion  of  air.  Heat  capacities  of  all  vary  so  little  that  they  have  all  been 
assumed  to  be  air). 

Sm  -  &22  -  190  -  91    »  99 

S826  -  S7a  -  190  -  8.6  «  181.4 

Substituting  values  of  Y,  H,  etc.  in  Equation  4, 

(2  X  +  30)  99  +  181.4  X  =  12,930 

X  =  26.3  Ib  excess  air. 

7  «  82.6  Ib  recirculating  air. 

Total  -  26.3  +  82.6  ~h  15  =  123.9  Ib  air  and  products  of  combustion  circulated  per 
pound  fuel  burned. 

Heat  in  air  exhausted  from  oven  at  422  F  per  pound  fuel  burned  =  0.333  X  123.9 
X  (Sw  -  S7o)  =  41.3  (91  -  8.6)  «  3,400  Btu. 

Btu  available  for  heating  material  =  16,005  -  3,400  =  12,605  Btu  per  pound  fuel. 

Fuel  used  in  first  hour  =  2,180,470  -f-  12,605  =  173  Ib  =  25.6  gal. 

During  the  second  hour  the  heater  capacity  will  be  much  greater  than  required.  If 
an  automatic  oven  temperature  control  operates  on  the  oil  supply,  the  delivery  tem- 
perature of  the  air  entering  the  oven  and  the  quantity  of  oil  burned  will  decrease,  the  air 
supply  being  constant. 

Heat  in  air  exhausted  =  41.3  (567B  -  570)  -  41.3  (127  —  8.6)  =  4,880  Btu  per  pound 
fuel. 

Heat  available  for  heating  material  =  16,005  -  4,880  =  11,125  Btu. 

Fuel  used  in  second  hour  =  1,072,008  4-  11,125  =  96.5  Ib  oil  =  14.3  gal. 

Total  oil  used  per  load  -  25.6  +  14.3  =  39.9  gal. 

ESTIMATING  METHODS 

Values  based  on  practical  experience  are  available  for  rough  estimating 
of  drying  problems.  The  temperature  will  drop  approximately  8.5  F  per 
grain  of  water  evaporated  per  cubic  foot  of  air  (measured  at  70  F)  or 
approximately  0.62  F  per  pound  of  air  at  any  temperature.  Air  will  drop 
55  F  per  cubic  foot  for  each  Btu  extracted.  Generally  air  will  absorb 
from  2  grains  to  5  grains  per  cubic  foot  of  air  in  one  passage  through  an 
air  drier,  depending  on  the  temperature  and  the  degree  of  contact  with 
the  material.  The  amount  of  steam  required  to  evaporate  a  pound  of 
water  will  vary  from  1.5  Ib  to  a  more  usual  figure  of  from  2.5  to  3  Ib  of 
steam  per  pound  of  water  evaporated. 
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Chapter  41 

NATURAL  VENTILATION 

Wind  Forces,  Stack  Effect,  Openings,  Windows,  Doors,  Sky- 
lights, Roof  Ventilators,  Stacks,  Principles  of  Control,  General 
Rules,  Measurements,  Dairy  Barn  Ventilation,  Garage  Ven- 
tilation 

VENTILATION  by  natural  forces,  supplemented  in  certain  cases  by 
wind-actuated  devices,  finds  application  in  industrial  plants,  public 
buildings,  schools,  dwellings,  garages,  and  in  farm  buildings. 

The  natural  forces  available  for  the  displacement  of  air  in  buildings  are 
(a)  wind  forces,  and  (&)  the  difference  in  temperature  between  the  air 
inside  and  outside  the  building,  or  a  combination  of  the  two.  The  results 
that  are  obtained  by  natural  ventilating  systems  are  variable,  as  they 
depend  on  wind  action  and  temperature  difference.  The  arrangement  and 
control  of  ventilating  openings  should  be  such  that  the  two  forces  act 
cooperatively  and  not  in  opposition. 

WIND  FORCES 

In  considering  the  use  of  natural  wind  forces  for  the  operation  of  a 
ventilating  system,  account  must  be  taken  of  (1)  average  and  minimum 
wind  velocities,  (2)  wind  direction,  (3)  seasonal,  daily  and  hourly  varia- 
tions in  wind  velocity  and  direction,  and  (4)  local  wind  interference  by 
buildings,  trees,  etc. 

Table  1,  Chapter  6,  gives  values  for  the  average  summer  wind  velocities 
and  the  prevailing  wind  directions  in  various  localities  throughout  the 
United  States,  while  Table  2,  Chapter  5,  lists  similar  values  for  the  winter. 
In  almost  all  localities  the  summer  wind  velocities  are  lower  than  those  in 
the  winter,  and  in  about  two-thirds  of  the  localities  the  prevailing  direc- 
tion is  different  during  the  summer  and  winter.  While  average  wind 
velocities  are  seldom  below  5  mph,  there  are  many  hours  in  each  month 
during  which  the  wind  velocity  is  from  3  to  5  mph,  even  in  localities  where 
the  seasonal  average  is  considerably  above  5  mph.  There  are  relatively 
few  places  where  the  hourly  wind  velocity  falls  much  below  3  mph  for 
more  than  10  daylight  hours  per  month.  Usually  a  natural  ventilating 
system  should  be  designed  to  operate  satisfactorily  with  a  wind  velocity 
of  3  to  6  mph,  depending  on  locality. 
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The  following  formula  may  be  used  for  calculating  the  quantity  of  air 
forced  through  ventilation  openings  by  the  wind,  or  for  determining  the 
proper  size  of  such  openings: 

Q  =  EA  V  (1) 

where 

Q  =  air  flow,  cubic  feet  per  minute. 

A  =  free  area  of  inlet  (or  outlet)  openings,  square  feet. 

V  —  wind  velocity,  feet  per  minute, 

=  miles  per  hour  X  88. 
E  —  effectiveness  of  openings. 

(E  should  be  taken  at  from  50  to  60  per  cent  if  the  inlet  openings  face  the  wind  and  from  25  to  35  per 
cent  if  the  inlet  openings  receive  the  wind  at  an  angle.) 

If  outlet  openings,  where  air  leaves  a  building,  are  smaller  than  inlet 
openings,  where  air,  enters  a  building,  the  air  will  be  less  effective  than 
indicated  by  the  constant  £. 

The  accuracy  of  the  results  obtained  by  the  use  of  Formula  1  depends 
upon  the  placing  of  the  openings,  as  the  formula  assumes  that  ventilating 
openings  have  a  flow  coefficient  slightly  greater  than  that  of  a  square-edge 
orifice.  If  the  openings  are  not  advantageously  placed  with  respect  to  the 
wind,  the  flow  per  unit  area  of  the  openings  will  be  less,  and  if  unusually 
well  placed,  the  flow  will  be  slightly  more  than  that  given  by  the  formula. 
Inlets  should  be  placed  to  face  directly  into  the  prevailing  wind,  while 
outlets  should  be  placed  in  one  of  the  following  four  places : 

1.  On  the  side  of  the  building  directly  opposite  the  direction  of  the  prevailing  wind. 

•    2.  On  the  roof  in  the  low  pressure  area  caused  by  the  jump  of  the  wind  (see  Fig.  1). 

3.  In  a  monitor  on  the  side  opposite  from  the  wind. 

4.  In  roof  ventilators  or  stacks  exposed  to  the  full  force  of  the  wind1. 
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Forces  Due  to  Stack  Effect 

The  stack  effect  produced  within  a  building  when  the  outdoor  tempera- 
ture is  lower  is  due  to  the  difference  in  weight  of  the  warm  column  of  air 
within  the  building  and  the  cooler  air  outside.  The  flow  due  to  stack  effect 
is  proportional  to  the  square  root  of  the  draft  head,  or  approximately: 


Q  =  9.4  A  V  H  (t  -  To)          .  (2) 

where 

Q  =  air  flow,  cubic  feet  per  minute. 

A  =  free  area  of  inlets  or  outlets  (assumed  equal),  square  feet. 
H  —  height  from  inlets  to  outlets,  feet. 

t  —  average  temperature  of  indoor  air  in  height  H,  degrees  Fahrenheit, 
to  =  temperature  of  outdoor  airf  degrees  Fahrenheit. 

9.4  =  constant  of  proportionality,  including  a  value  of  65  per  cent  for  effectiveness  of 
openings.  This  should  be  reduced  to  50  per  cent  (constant  =  7.2)  if  conditions 
are  not  favorable. 

The  height  between  inlets  and  outlets  should  be  the  maximum  which 
the  building  construction  will  allow. 


'Airation  of  Industrial  Buildings,  by  W.  C.  Randall  (A.S.H.V.E.  TRANSACTIONS,  Vol.  34, 1928,  p,  159). 
'Neutral  Zone  in  Ventilation,  by  J.  E.  Emswiler  (A.S.H.V.E.  TRANSACTIONS,  Vol.  32,  1926,  p.  59). 
Predetermining  Airation  of  Industrial  Buildings,  by  W,  C.  Randall  and  E.  W.  Conover  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  37,  1931,  p.  605). 
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TYPES  OF  OPENINGS 

Types  of  openings  may  be  classified  as:  (1)  windows,  doors,  monitor 
openings  and  skylights,  (2)  roof  ventilators,  (3)  stacks  connecting  to 
registers,  and  (4)  specially  designed  inlet  or  outlet  openings. 

Windows,  Doors  and  Skylights 

Windows  have  the  advantage  of  transmitting  light,  as  well  as  providing 
ventilating  area  when  open.  Their  movable  parts  are  arranged  to  open  in 


FIG,  1.    THE  JUMP  OF  WIND  FROM  WINDWARD  FACE  OF  BUILDING.    (4— LENGTH  OF 

SUCTION  AREA;  B — POINT  OF  MAXIMUM  INTENSITY  OF  SUCTION; 

C—  POINT  OF  MAXIMUM  PRESSURE) 

various  ways ;  they  may  open  by  sliding  as  in  the  ordinary  double-hung 
windows,  by  tilting  on  horizontal  pivots  at  or  near  the  center,  or  by 
swinging  on  pivots  at  the  top,  bottom  or  side. 

The  proper  distribution  of  the  air  in  spaces  to  be  ventilated  is  as  im- 
portant as  that  of  sufficient  air  quantity.  Advantageous  pivoting  of  sash 
is  very  useful  for  securing  good  air  distribution.  Deflectors  are  sometimes 
used  for  the  same  purpose,  and  these  devices  should  be  considered  a  part 
of  the  ventilation  system. 

Roof  Ventilators 

The  function  of  a  roof  ventilator  is  to  provide  a  storm  and  weather 
proof  air  outlet.  If  it  is  of  a  type  which  is  sensitive  to  wind  action  addi- 
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tional  flow  capacity  will  be  produced.  The  capacity  of  a  ventilator  at  a 
constant  wind  velocity  and  temperature  difference,  depends  upon  four 
things:  (1)  its  location  on  the  roof,  (2)  the  resistance  it  and  the  duct  work 
offers  to  air  flow,  (3)  the  height  of  draft,  and  (4)  the  efficiency  of  the 
ventilator  in  utilizing  the  kinetic  energy  of  the  wind  for  inducing  flow  by 
centrifugal  or  ejector  action. 

For  maximum  flow  induction,  a  ventilator  should  be  located  on  that 
part  of  the  roof  which  receives  the  full  wind  without  interference.  (See 
Fig.  L)  This  does  not  mean  that  any  ventilators  are  to  be  installed  within 
the  suction  region  created  by  the  wind  jumping  over  the  building,  or  in  a 
light  court,  or  on  a  low  building  between  two  high  buildings.  Ventilators 
are  highly  effective  in  such  low-pressure  areas,  but  their  ejector  action, 
caused  by  wind  velocity,  is  of  little  value  in  these  locations,  and  hence 
their  size  should  be  increased  proportionally. 

The  base  of  the  ventilator  should  always  be  provided  with  a  taper-cone 
inlet  in  order  to  produce  the  effect  of  a  bell-mouth  nozzle  (flow  coefficient 
0.97)  rather  than  that  of  a  square-entrance  orifice  (flow  coefficient  0.60). 
If  a  grille  is  provided  at  the  base  of  a  ventilator  it  should  be  oversized  as 
compared  with  the  ventilator  size. 

Air  inlet  openings  located  at  lower  levels  in  the  building  should  be  at 
least  equal  to,  and  preferably  larger  than  the  combined  throat  areas  of  all 
roof  ventilators.  The  air  discharged  by  a  roof  ventilator  depends  on  wind 
velocity  and  temperature  difference,  but  due  to  the  four  capacity  factors 
already  mentioned,  no  simple  formula  can  be  devised  for  expressing  venti- 
lator capacity. 

Several  types  of  roof  ventilators  are  shown  in  Figs.  2  to  9.  These  may 
be  classified  as  stationary,  Figs.  2  to  4,  pivoted  or  oscillating.  Figs.  5  to  7, 
or  rotating,  Figs.  8  and  9.  When  selecting  roof  ventilators,  some 
attention  should  be  paid  to  ruggedness  of  construction,  storm-proofing 
features,  dampers  and  damper  operating  mechanisms,  possibilities  of 
noise  from  dampers  or  other  moving  parts,  and  possible  maintenance 
costs. 

Natural  ventilation  units  may  be  used  to  supplement  power-driven 
supply  fans,  and  under  favorable  weather  conditions  it  may  be  possible 
to  shut  down  the  power-driven  units.  Where  low  operating  costs  are  very 
important,  such  a  combination  has  great  advantages. 

Controls 

Gravity  ventilators  may  have  dampers  controlled  by  (1)  hand,  (2) 
thermostatic,  and  (3)  wind  velocity,  in  combination  with  a  fan.  The 
thermostat  station  may  be  located  anywhere  in  the  building,  or  it  may  be 
located  within  the  ventilator  itself.  The  purpose  of  wind  velocity  control 
is  to  obtain  a  definite  volume  of  exhaust  regardless  of  the  natural  forces, 
the  fan  motor  being  energized  when  the  natural  exhaust  capacity  falls 
below  a  certain  minimum,  and  again  shut  off  when  the  wind  velocity  rises 
to  the  poiilt  where  this  minimum  volume  can  be  supplied  by  natural 
forces. 

Stacks 

Stacks  or  vertical  flues  are  really  .chimneys  and  utilize  both  tlje  inductive 
effect  of  the  wind  and  the  force  of  temperature  difference  (the  so-calfed 
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gravity  action).  Like  the  roof  ventilator,  the  stack  outlet  should  be  located 
so  that  the  wind  may  act  upon  it  from  any  direction. 

With  little  or  no  wind,  chimney  effect  depending  on  temperature  differ- 
ence and  lower  outdoor  temperature  will  produce  a  removal  of  air  from 
the  rooms  where  the  inlet  openings  are  located. 

HEAT  REMOVAL 

In  problems  of  heat  removal,  knowing  the  amount  of  heat  to  be  removed 
and  having  selected  a  desirable  temperature  difference,  the  amount  of  air 
to  be  passed  through  the  building  per  minute  to  maintain  this  temperature 
difference  can  be  determined  by  .means  of  the  following  equation  : 


~.~. 

-  f  60  (t  -  «o) 

where  '  •,  ,  , 

c  =3  0,24  =  specific  heat  of  air. 

V  =  specific  volume  of  the  air,  cubic  feet  per  pound,  about  13,5.  (See  Chapter  1.) 
H  =  heat  to  be  carried  off,  in  Btu  per  hour. 
Q  =  air  flow  in  cubic  feet  per  minute. 

/  =  inside  temperature,  degrees  Fahrenheit. 
to  =  outside  temperature,  degrees  Fahrenheit, 

For  disposing  of  odors  or  other  air  impurities,  the  amount  of  outside  air 
to  be  introduced  must  be  of  such  quantity  to  dilute  the  impurities  to  a 
degree  that  they  are  no  longer  objectionable.  See  Chapter  2  for  ^the 
minimum  of  outside  air  necessary  for  ventilation.  For  garage  ventilation, 
.sufficient  air  must  be  admitted  to  dilute  the  carbon  monoxide  content  of 
the  indoor  air  to  1  in  10,000  (see,  Garage  Ventilation  in  this  Chapter). 

Suggested  methods  for  estimating}  the  air  flow  due  to  temperature 
difference  alone  arid  to  wind  alone*  have  already  been  given.  It  must  be 
remembered  that  when  both  forces  are  acting  together,  even  without 
interference,  the  resulting  air  flow  is;  not  equal  to  the  sum  of  the  two 
estimatjed  quantities.  The  same  openings  nave  been  assumed  in  both 
cjases,  and  since  the  resistance  to'  flow  through  the  openings  varies  ap- 
proximately with  the  square  of  .  the  velocity8,  this  resistance  becomes  a 
limiting  factor  as  the  flow  through  the  openings  is  increased. 

Recent  investigations4  show  that  the  total  flow  is  only  10  per  dent 
aboye  the  flow  caused  by  the  greater  force  when  the  two  forces  are  nearly 
equal,  arid  this  percentage  decreases  rapidly  as  one  force  increases  above 
|he  Qther.  Testg  on  roof  ventilators  indicate  that  this  is  too  conservative 
In  the  direction  :of  low  total  #ow  quantities,  but  there  is  in  any  case  a 
large  judgment  factor  involved.  The  wind  velocity  and  direction,  the 
ofttdoof  temperature,  otf  the  indoor  activities  cannot  be  predicted  with 
certainty  <;  an<J  great,  refinement  in  ,  calculations  is  therefore  not  justified. 
Wfeen  designing  for  winter  conditions,  an  added  variable  is  the  heat  lost 
by  direct  flow  through  walls  and  windows  and  by  infiltration. 


•Loc.  Cit.  Notes  1  and.  2. 

.  4T.hia  is  true  for  turbulent  flow  only,  ,  It  would  be  more  correct  to  sta,te  that  the  resistance  varies  .approxi- 
mately with  V*  fpr  high  to  moderate  velocities,  with  y1-'  for  moderate  to  low  velocities,  anc}  w^ith  the  first 
power^  of  the  velocitjHor  very  low  velocities  through  small  openings.  .  •  v  ,  . "  , 
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Example  L  Assume  a  drop  forge  shop,  200  ft  long,  lOO.ft  wide,  and  30  ft  high:  The 
cubical  content  is  600,000  cu  ft,  and  the  height  of  the  air  outlet  over  that  of  the  inlet -is 
30  ft.  .Oil  fuel  of  18,000  Btu  per  pound  is  used  in  this  shop  at  the  rate  of  15  gal  per  hour 
(7.75  Ib  per  gal).  Temperature  differences  are  10  F  in  summer  and  30  F  iri  winter,  and 
the  wind  velocity  is  5  mph  in  summer  and  8  mph  in  winter.  What  is  the  necessary  area 
for  the  inlets  and  outlets,  and  what  is  the  rate  of  air  flow  through  the  building? 

Solution.  The  system  must  be  designed  for  the  summer  conditions  as  these  are  the 
more  severe.  The  heat  to  be  removed  per  hour  is: 

H  -  15  X  7.75  X  18,000  =  2,092,500  Btu. 

By  Equation  3,  the  air  flow  required  to  remove  this  heat  with  a  temperature  difference 
of  10  deg  is: 

O  -  VH          -   13.5  X  2,092,500   _    fl   m   f 

Q  -    c  60  «  -  /0)     "    0.24X60X10     "  196'1?2  ^ 

This  is  equal  to  19.6  air  changes  per  hour.  The  assumption  is  made  that  the  average 
temperature  difference  between  indoors  and  outdoors  is  the  same  as  the  temperature  rise 
of  the  air  from  the  inlet  opening  to  the  outlet  opening.  Actually,  the  latter  difference  is 
larger  and  so  the  value  of  19.6  air  changes  per  hour  is  conservative  as  it  allows  for  more 
cooling  than  is  necessary  for  an  average  temperature  difference  of  10  deg. 

If  196,172  cfm  are  to  be  circulated  by  the  force  of  the  temperature  difference  alone,  the 
area  of  opening  would  be,  by  Equation  2: 

0  196 172 

A  -  T  =  9.4  V  so  x  10  - 1W  sqft' 


If  this  area  of  openings  were  provided,  a  wind  velocity  of  5  mph,  acting  alone,  would 
produce  a  flow  according  to  Equation  1,  of :  . 

Q  »  EAV  =  0.50  X  1,205.x  5  X  88 '-  265,100  cfm. 

If  the  inlet  openings  do  not  face  the  wind,  but  are  at  an  angle  with  it,  about  half  this 
amount  may  be  considered  to  flow.  - 

A  factor  of  judgment  must  now  be  exercised  in  making  the  selection  of 
the  area  of  openings  to  be  specified.  Apparently  1205  sq  ft  are  a  very 
generous  allowance  because  either  a  direct  wind  of  5  mph  or  an  average 
temperature  difference  of  10.  deg  acting  alone  will  more  than  suffice  to 
carry  away  the  heat,  and  when  the  two  forces  are  acting  together,  the 
system  may  have  an  excess  capacity  of  25  per  cent  to  50  per  cent,  especially 
if  the  outlets  are  made  up  partially  of  roof  ventilators  which  employ  the 
force  of  the  wind  for  producing  a  suction  effect.  On  the  other  hand,  "the 
wind  may  at  times  come  from  an  unfavorable  direction,  or  its  velocity 
may  fall  below  5  mph  or  the  building  construction  may  not  permit  a  full 
2400  sq  ft  of  inlet  window  area  and  an  equal  amount  of  monitor  or  roof 
ventilator  outlet  area.  In  case  the  two  sets  of  openings  are  not  equal, 
their  effectiveness  is  reduced. 

From  this  example,  it  must  be  apparent  that  while  formulae  may 
furnish  a  reliable  guide,  the  final  solution  of  a  problem  of  natural  venti- 
lation requires  a  common  sense  analysis  of  local  conditions  to  supplement 
and  to  modify  the  dictates  of  the  formulae. 

GENERAL  RULES 

A  few  of  the  important  requirements  in  addition  to  those  already 
outlined  are:  ,  j 

1.  Inlet  openings  in  the  building  should  be  well  distributed,  and  should t>e  located  on 
the  windward  side  near  the  bottom,  while  outlet  openings  are  located  on  the  leeward 
side  near  the  top.  Outside  air  will  then  be  supplied  to  the  zone  to  be  ventilated.  •  I  ••  J 
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2.  Direct  short  circuits  between  openings  on  two  sides  at  a  high  level  may  clear  the 
air  at  that  level  without  producing  any  appreciable  ventilation  at  the  level  of  occupancy. 

3.  Roof  ventilators  should  be  located  20  to  40  ft  apart  each  way  and  preferably  on 
the  ridge  of  the  roof.    The  closer  spacings  are  used  when  ventilating  rooms  with  low 
ceilings. 

4.  Greatest  flow  per  square  foot  of  total  opening  is  obtained  by  using  inlet  and  outlet 
openings  of  nearly  equal  areas. 

5.  In  an  industrial  building  where  furnaces,  that  give  off  heat  and  fumes,  are  to  be 
installed,  it  is  better  to  locate  them  in  the  end  of  the  building  exposed  to  the  prevailing 
wind.  The  strong  suction  effect  of  the  wind  at  the  roof  near  the  windward  end  will  then 
cooperate  with  temperature  difference,  to  provide  for  the  most  active  and  satisfactory 
removal  of  the  heat  and  gas  laden  air. 

6.  In  case  it  is  impossible  to  locate  furnaces  in  the  windward  end,  that  part  of  the 
building  in  which  they  are  to  be  located  should  be  built  higher  than^the  rest,  so  that 
the  wind,   in  splashing  therefrom  will  create  a  suction,  The  additional  height  also 
increases  the  effect  of  temperature  difference  to  cooperate  with  the  wind. 

7.  In  the  use  of  monitors,  windows  on  the  windward  side  should  usually  be  kept 
closed,  since,  if  they  are  open,  the  inflow  tendency  of  the  wind  counteracts  tne  outflow 
tendency  of  temperature  difference.  Openings  on  the  leeward  side  of  the  monitor  result 
in  cooperation  of  wind  and  temperature  difference. 

8.  In  order  that  the  force  of  temperature  difference  may  operate  to  maximum  advan- 
tage, the  vertical  distance  between  inlet  and  outlet  openings  should  be  as  great  as 
possible.    Openings  in  the  vicinity  of  the  neutral  zone  are  less  effective  for  ventilation, 

9.  In  order  that  temperature  difference  may  produce  a  motive  force,  there  must  be 
vertical  distance  between  openings.  That  is,  if  there  are  a  number  of  openings  available 
in  a  building,  but  all  are  at  the  same  level,  there  will  be  no  motive  head  produced  by 
temperature  difference,  no  matter  how  great  that  difference  might  be. 

10.  In  the  design  of  window  ventilated  buildings,  where  the  direction  of  the  wind  is 
quite  constant  and  dependable,  the  orientation  of  the  building  together  with  amount 
and  grouping  of  ventilation  openings  can  be  readily  arranged  to  take  full  advantage  of 
the  force  of  the  wind.    On  the  other  hand,  where  the  direction  of  the  wind  is  quite 
variable,  it  may  be  stated  as  a  general  principle  thatt  windows  should  be  arranged  in 
sidewalls  and  monitors  so  that  there  will  be  approximately  equal  area  on  all  sides. 
Thus,  no  matter  what  the  wind 's  direction,  there  will  always  be  some  openings  directly 
exposed  to  the  pressure  force  of  the  wind,  and  others  opposed  to  a  suction  force,  and 
effective  movement  through  the  building  will  be  assured. 

11.  The  intensity  of  suction  or  the  vacuum  produced  by  the  jump  of  the  wind  la 
greatest  just  back  of  the  building  face.    The  area  of  suction  does  not  vary  with  the  wind 
velocity,  but  the  flow  due  to  suction  is  directly  proportional  to  wind  velocity, 

,  12.  Openings  much  larger  than  the  calculated  areas  are  sometimes  desirable,  especially 
when  changes  in  occupancy  are  possible,  or  to  provide  for  extremely  hot  days.  In  the 
former  case,  free  openings  should  be  located  at  the  level  of  occupancy  for  psychological 
reasons. 

^  13.  Special  consideration  should  be  given  to  the  possibility , of  sidewall  or  monitor 
windows  being  closed  on  account  of  weather  conditions.  Such  possibilities  favor  roof 
ventilators  and  specially  designed  stormproof  inlets. 

MEASUREMENT  Of"  NATURAL  AIR  FLOW 

The  determination  of  the  performance  of  any  ventilating  system 
involves  measurements  which  are  not  easy  to  make.  The  difficulties  are 
increased  in  the  case  of  natural  ventilation,  since  the  motive  forces  and 
the  air  velocities  are  very  small.  The  measurements  necessary  for  giving 
the  capacity  of  a  system  are  (1),  velocity  of  the  wind,  (2)  velocity  of  the 
air  through  inlet  and  outlet  openings,  (3)  outdoor  air  temperature,  and 
(4)  average  indoor  air  temperature.  (See  Chapter  34.) 
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DAIRY  BARN  VENTILATION  5 

A  successful  barn  ventilating  system  is  one  which  continuously  supplies 
the  proper  amount  of  air  required  by  the  stock,  with  proper  distribution 
and  without  drafts,  and  one  which  removes  the  excessive  heat,  moisture, 
and,  odors,  and  maintains  the  air  at  a  proper  temperature,  relative 
humidity,  and  degree  of  cleanliness. 

Barn  temperatures  below  freezing  and  above  80  F  affect  milk  produc- 
tion. Milk  producing  stock  should  be  kept  in  a  barn  temperature  be- 
tween 45  and  50  F.  Dry  stock,  at  reduced  feeding,  may  be  kept  in  a  barn 
5  to  10  deg  higher.  Calf  barns  are  generally  kept  at  60  F,  while  hospital 
and  maternity  barns  usually  have  a  temperature  of  60  F  or  somewhat 
higher. 

The  heat  produced  by  a  cow  of  an  average  weight  of  1000  Ib  may  be 
taken  as  3000  Btu  per  hour.  The  average  rate  of  moisture  production  by 
a  cow  giving  20  Ib  of  milk  per  day  is  15  Ib  of  water  per  day,  or  4375  grains 
per  hour.  To  set  a  standard  of  permissible  relative  humidity  for  cow 
barns  is  difficult.  For  45  F  an  average  relative  humidity  of  80  per  cent 
is  satisfactory,  with  85  per  cent  as  a  limit. 

Where  the  barn  volume  is  within  the  limit  that  can  be  heated  by  the 
stabled  animals,  the  air  supply  need  not  be  heated.  The  air  should  be 
supplied  through  or  near  the  ceiling.  It  is  better  to  have  the  exhaust 
openings  near  the  floor  as  larger  volumes  of  warm  air  are  then  held  in  the 
barn  and  there  is  better  temperature  control  with  less  likelihood  of  sudden 
change  in  barn  temperature. 

If  a  cow  weighs  1000  Ib  and  produces  3000  Btu  of  heat  per  hour,  and  if 
a  barn  for  the  cow  has  600  cu  ft  of  air  space  with  130  sq  ft  of  building 
exposure,  one  cow  will  require  2600  to  3550  cu  ft  per  hour  of  ventilation, 
depending  on  the  temperature  zone  in  which  the  barn  is  located.  The 
permissible  heat  losses  through  the  structure,  based  on  one  cow  and  de- 
pending on  the  temperature  zone,  vary  between  0.043  and  0,066  BtU  per 
hour  per  cubic  foot  of  barn  space,  and  0.197  to  0.305  Btu  per  hour  per 
square  foot  of  barn  exposure. 

GARAGE  VENTILATION 

On  account  of  the  hazards  resulting  from  carbon  monoxide  and  other 
physiologically  harmful  or  combustible  gases  or  vapors  in  garages,  the 
importance  of  proper  ventilation  of  these  buildings  cannot  be  over- 
emphasized. During  the  warm  months  of  the  year,  garages  are  usually 
ventilated  adequately  because  the  doors  and  windows  are  kept  open.  As 
cold  weather  sets  in,  more  and  more  of  the  ventilation  openings  are  closed 
and  consequently  on  extremely  cold  days  the  carbon  monoxide  concentra- 
tion runs  high.  t 

Many  garages  can  be  satisfactorily  ventilated  by  natural  means  par- 
ticularly during  the  mild  weather  when  doors  and  windows  can  Ipe  kept 


"Dairy  Barn  Ventilation,  by  F.  L.  Fairbanks  (A.S.H.V.E.  TRANSACTIONS,  Vol.  34,  1928,  p,  181). 
Cow  Barn  Ventilation,  by  Alfred  J.  Offner  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39,  1933,  p.  149). 
For  additional  information  on  this  subject  refer  to  Technical  Bullelin,'U,  S.  Department  of  Agriculture 
(1930),  by  M.  A.  R,  Kelley, 
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open.  However,  the  A.S.H.V.E.  Code  for  Heating  and  Ventilating 
Garages,  adopted  in  1929  and  revised  in  1935,  states  that  natural  venti- 
lation may  be  employed  for  the  ventilation  of  storage  sections  where  it  is 
practical  to  maintain  open  windows  or  other  openings  at  all  times.  The 
code  specifies  that  such  openings  shall  be  distributed  as  uniformly  as  pos- 
sible in  at  least  two  outside  walls,  and  that  the  total  area  of  such  openings 
shall  be  equivalent  to  at  least  5  per  cent  of  the  floor  area.  The  code 
further  states  that  where  it  is  impractical  to  operate  such  a  system  of 
natural  ventilation,  a  mechanical  system  shall  ^  be  used  which  shall 
provide  for  either  the  supply  of  1  cu  ft  of  air  per  minute  from  out-of-doors 
for  each  square  foot  of  floor  area,  or  for  removing  the  same  amount  and 
discharging  it  to  the  outside  as  a  means  of  flushing  the  garage.6 

Research 

Research  on  garage  ventilation  undertaken  by  the  A.S.H.V.E.  Com- 
mittee on  Research  at  Washington  University,  St.  Louis,  Mo.,  and  at  the 
University  of  Kansas,  Lawrence,  Kans.,  in  cooperation  with  the  A.S.H. 
V.E.  Research  Laboratory,  and  at  the  A.S.H.V.E.  Research  Laboratory 
has  resulted  in  authoritative  papers  on  the  subject. 

Some  of  the  conclusions  from  work  at  the  Laboratory  are  listed  in  the 
following  statements : 

1.  Upward  ventilation  results  in  a  lower  concentration  of  carbon  monoxide  at  the 
breathing  line  and  a  lower  temperature  above  the  breathing  line  than  does  downward 
ventilation,  for  the  same  rate  of  carbon  monoxide  production,  air  change  and  the  same 
temperature  at  the  30-in.  level. 

2.  A  lower  rate  of  air  change  and  a  smaller  heating  load  are  required  with  upward 
than  with  downward  ventilation. 

3.  In  the  average  case  upward  ventilation  results  in  a  lower  concentration  of  carbon 
monoxide  in  the  occupied  portion  of  a  garage  than  is  had  with  complete  mixing  of  the 
exhaust  gases  and  the  air  supplied.    However,  the  variations  in  concentration  from 
point  to  point,  together  with  the  possible  failure  of  the  advantages  of  upward  ventilation 
to  accrue,  suggest  the  basing  of  garage  ventilation  on  complete  mixing  and  an  air  change 
sufficient  to  dilute  the  exhaust  gases  to  the  allowable  concentration  of  carbon  monoxide. 

4.  The  rate  of  carbon  monoxide  production  by  an  idling  car  is  shown  to  vary  from 
25  to  50  cu  ft  per  hour,  with  an  average  rate  of  35  cu  ft  per  hour. 

5.  An  air  change  of  350,000  cu  ft  per  hour  per  idling  car  is  required  to  keep  the  carbon 
monoxide  concentration  down  to  one  part  in  10,000  parts  of  air. 


•Code  for  Heating  and  Ventilating  Garages  (A.S.H.V.E,  TRANSACTIONS,  Vol.  35,  1029,  p.  355),  (A.S. 
H.V.E.  Reprint,  January,  1935). 

Airation  Study  of  Garages  by  W.  C.  Randall  and  L.  W.  Leonhard  (A.S.H.V.E.  TRANSACTIONS,  Vol.  36, 
1930,  p.  233). 

A.S.H.V.E.  RESEARCH  REPORT  No.  874—  Carbon  Monoxide  Concentration  In  Garages,  by  A.S.  Langs- 
dorf  and  R.  R.  Tucker  (A.S.H.V.E.  TRANSACTIONS,  Vol.  36,  1930,  p.  511). 

A.S.H.V.E.  RESEARCH  REPORT  No.  935—  Carbon  Monoxide  Distribution  in  Relation  to  the  Ventilation 
of  an  Underground  Ramp  Garage,  by  F,  C.  Houghten  and  Paul  McDermott  (A.S.H.V.E.  TRANSACTIONS, 
Vol.  38,  1932,  p.  439). 

A.S.H.V.E.  RESEARCH  REPORT  No.  934—  Carbon  Monoxide  Distribution  in  Relation  to  the  Ventilation 
of  a  One-Floor  Garage,  by  F.  C.  Houghten  and  Paul  McDermott  (A.S.H.V.E,  TRANSACTIONS,  Vol.  38,  1932, 

A.S.H.V.E.  RESEARCH  REPORT  No.  967—  Carbon  Monoxide  Distribution  in  Relation  to  the  Heating 
and  Ventilation  of  a  One-Floor  Garage,  by  F.  C.  Houghten  and  Paul  McDermott  (A.S.H.V.E.  TRANS- 
ACTIONS, Vol.  39,  1933,  p.  395). 


,A  e  Monoxide  Surveys  of  Two  Garages,  by  A.  H.  Sluas,  E.  K.  Campbell  and  Louis  M.  Farber 

(A.S.H.V.E.  TRANSACTIONS,  Vol.  40,  1934,  p.  263). 
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Chapter  42 

PIPE  AND  DUCT  INSULATION 

Heat  Transmission  by  Radiation  and  Convection,  Heat  Losses 
from  Bare  and  Insulated  Pipes,  Heat  Losses  from  Ducts,  Low  • 
Temperature    Insulation,    Insulation    of    Pipes    to    Prevent 
Freezing,  Economical  Thickness  of  Pipe  Insulation,  Under- 
ground Pipe  Insulation 

HEAT  is  transmitted  to  or  from  pipes  and  ducts  by  radiation  and 
convection.  The  radiant  heat  transfer  per  unit  area  is  independent 
of  the  geometrical  shape,  whereas  the  convected  heat  depends  to  a 
considerable  extent  on  the  shape  factor.  In  many  cases,  it  is  desirable 
to  calculate  the  rate  of  heat  transmission  from  a  surface  by  radiation  and 
convection,  as  the  total  rate  of  transfer  is  different,  for  instance,  from  a 
heating  installation  than  from  a  cooling  installation  with  an  equal 
difference  in  temperature  between  the  surface  and  the  surrounding 
atmosphere, 

HEAT  TRANSMISSION  BY  RADIATION  AND  CONVECTION 

The  heat  transmission  by  radiation  from  a  surface  to  the  surrounding 
surfaces  can  be  calculated  from  the  well-known  Stefan-Boltzman  formula: 

'•      2r  -  17.4  X  10-1'  X  p  (Ti*  -  TV)  ,  (1) 

where 

qr  «  heat  transmission  by  radiation,  Btu  per  square  foot  per  hour. 
p  s=  effective  emissivity  of  surface  and  surroundings. 
Ti  =  temperature  of  hotter  surface,  degrees  Fahrenheit  absolute. 
Tt  ra  temperature  of  cooler  surface,  degrees  Fahrenheit  absolute. 

The  heat  transmission  by  free  or  natural  convection  can  be  determined 
from  the  formula: 

(1     \0,2 
1) 

where 

#c  **  heat  transmission  by  convection,  Btu  per  square  foot  per  hour. 

C  =  a  constant  depending  upon  the  surface  shape. 

D  =  diameter  of  pipe  or  circular  duct  or  height  of  vertical  wall,  inches. 

(effect  of  diameter  or  height  becomes  constant  at  24  in,) 
T  av.  «  average  wall  surface  and  surrounding  air  temperature,  degrees  Fahrenheit 

absolute. 

dt  «=»  temperature  excess  between  wall  surface  and  surrounding  air,   degrees 
Fahrenheit. 
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The  radiation  under  black-body  conditions,  or  for  an  emissivity  of  1.0, 
is  given  in  Table  1  for  cold  surfaces  as  low  as  —  39  F  to  warmer  surfaces 
as  high  as  139  F.  The  emissivities  of  a  number  of  surfaces  ordinarily 
encountered  in  engineering  practice  are  shown  in  Table  21. 

For  horizontal  cylinders,  the  value  of  C  =  1.016  has  been  well  estab- 
lished by  various  investigations.  For  vertical  plates,  the  value  of  C  = 

TABLE  1.    HEAT  TRANSMISSION  BY  RADIATION  FOR  BLACK-BODY  CONDITIONS* 
Expressed  in  Btu  per  square  foot  per  hour 


TEMP. 

DEC, 
F 

0 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-30 

59.3 

58.7 

58.2 

57.7 

57,2 

56.7 

56.2 

55.7 

55.2 

54.7 

-20 

65,2 

64.7 

64.1 

63.5 

62.9 

62.3 

61.7 

61.1 

60.5 

59.9 

-10 

71.4 

70.8 

70.1 

69.5 

68.9 

68.3 

67.7 

67.1 

66.4 

65.8 

0 

78.0 

77.4 

76.7 

76.0 

75.4 

74.7 

74.0 

73.4 

72.7 

72.1 

0 

+1 

+2 

+3, 

+4 

+5 

+6 

+7 

+8 

+9 

0 

78.0 

78.7 

79.4 

80.1 

80.8 

81.5 

82,2 

82.9 

83.6 

84.3 

10 

85.0 

85.7 

86.5 

97.2 

88.0 

88.7 

89.4 

90.2 

90.9 

91,7 

20 

92.4 

93.3 

94.0 

94.8 

95.6 

96.4 

97.2 

98.0 

98.8 

99,6 

30 

100 

101 

102 

103 

104 

105 

105 

106 

107 

108 

40 

109 

110 

111 

112 

112 

113 

114 

115 

116 

117 

50 

118 

119 

120 

121 

122 

123 

123 

124 

125 

126 

60 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

70 

137 

138 

139 

140 

142 

143 

144 

145 

146 

147 

80 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

90 

159 

160 

161 

162 

163 

164 

166 

167 

168 

169 

100 

170 

171 

173 

174 

175 

176 

178 

179 

180 

182 

110 

183 

184 

185 

187 

188 

189 

191 

192 

193 

195 

120 

196 

197 

199 

200 

201 

203 

204 

206 

207 

209 

130 

211 

212 

214 

215 

217 

218 

220 

221 

222 

224 

^-Example:    Radiation  from  walls  of  room  at  32  F  to  surface  at  —  25  F  for  effective  emiseivity  of  0.95  < 
(102  -  62.3)  0.05  «  37,7  Btu  per  square  foot  per  hour, 

TABLE  2.    EMISSIVITY  VALUES  FOR  VARIOUS  SURFACES 


SURFACE 

TEMPERATURE;,  DEC  F 

100 

200 

300 

400 

Bright  galvanized  iron  

0.14 
0.53 
0.07 
0.43 
0.06 
0.28 
0.79 
0.90 
0.87 
0.76 
0.88 
0.88 

0.15 
0.53 
0.07 
0.44 
0.06 
0.28 
0.79 
0.90 
0.89 
0.76 
0.89 
0.88 

0.1(5 
0.53 
0.07 
0,46 
0.07 
0.28 
0.79 

0.17 
0.53 
0.11 
0.48 

0.79 

Badly  tarnished  galvanized  iron  „  

Very  bright  copper.  

Tarnished  copper.  >.  

Aluminum  foil  

Aluminum  paint  

Asbestos  lumber  (smooth  side)  

Hardwood  (sanded)  

Black  Feltex  paper.  !„.„ 

Mica-surfaced  asphalt  roofing.  .  ..  . 

Window  glass  ;... 

0.90 
0.89 

0.90 

White  canvas  

T  i^Sk1"^^11  in  Air  Conditioning,  by  R.  H.  Heilman  (Industrial  and  Engineering  Chemistry,  Vol.  28, 
July  lyoo,  p.  106). 
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1.394  has  been  fairly  well  established.  A  value  of  C  =  1.79  for  horizontal 
plates  warmer  than  the  surrounding  air  facing  upward  and  0.89  for 
horizontal  plates  warmer  than  air  facing  downward  is  indicated  by  receipt 
investigations2. 

The  heat  transmission  by  free  convection  from  vertical  walls  24  in.  or 
more  in  height  is  given  in  Table  3  as  calculated  from  Equation  2  for 
ambient  air  temperature  of  80  F.  The  values  in  Table  3  will  not  be 
changed  appreciably  by  a  considerable  change  in  air  temperature  for  a 
given  temperature  excess.  For  instance,  a  change  in  air  temperature 
from  80  to  40  F  will  increase  the  heat  transmission  given  in  Table  3 
by  only  1.3  per  cent, 

TABLE  3.    HEAT  TRANSMISSION  BY  FREE  CONVECTION  FOR  LARGE  VERTICAL  SURFACES 
Expressed  in  Btu  per  square  foot  per  hour 


TEMP, 


TEMPERATURE  DIFFERENCE  BETWEEN  BODY  AND  SURROUNDING  STILL  AIR  AT  80  F 


DEG 
F 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

0 
1 
2 
3 
4 
5 
6 

0 
0.3 
0.6 
1.0 
1.4 
1.8 
2.3 

4.4 
4.9 

5.5 
6.0 
6,6 
7.3 
70 

10.4 
11.1 
11.8 
12.5 
13.2 
13.9 
14.6 

17.4 
18.1 
18.9 
19.7 
20.5 
21.2 
770 

25.0 
25.8 
26.7 
27.5 
28.3 
29.2 
WO 

33.2 
34.1 
34.9 
35.7 
36.6 
37.4 
3ft  S 

41.8 
42.6 
43.5 
44.3 
45.2 
46.1 
47.0 

50.6 
51.5 
52.4 
53.4 
54.3 
55.2 
S61 

59.9 
60.8 
61.8 
62.7 
63.7 
64.6 
6S6 

69.4 
70.3 
71.3 
72.3 
73.3 
74.3 
75.3 

79.4 
80.4 
81.4 
82.4 
83.3 
84.2 
8S7 

89.2 
90.2 
91.2 
92.2 
93.3 
94.3 
95.3 

99.4 
100.4 
101.5 
102.6 
103.6 
104.7 
105.7 

109.8 
110.9 
112.0 
113.0 
114.1 
115.2 
116.3 

7 
8 

2Q 
.O 

33 

8.5 
Q  1 

15.3 
16.0 

22.7 
73  S 

30.8 
31  6 

39.1 
400 

47.8 
48.7 

57.1 
S80 

66.5 

67  S 

76.3 

77.4 

86.2 
87? 

96.3 
97.4 

106.7 
107.8 

117.3 
118.4 

9 

3.8 

9.7 

16.7 

24.3 

32.4 

40.9 

49.7 

59.0 

68.4 

78.4 

88.2 

98.4 

108.8 

119.5 

TABLE  4.    FREE  CONVECTION  FACTORS  FOR  VARIOUS  SHAPES 


SHAPES 


FACTOR 


Horizontal  cylinders  24  in.^in  diam.  or  over. 

Long  vertical  cylinders  24  in.  in  diam.  or  over 

Vertical  plates  24  in.  in  height  or  over 

Horizontal  plates  warmer  than  air  facing  upward 

Horizontal  plates  warmer  than  air  facing  downward 

Horizontal  plates  cooler  than  air  facing  upward 

Horizontal  plates  cooler  than  air  facing  downward 


0.73 
0.88 
1.00 
1.28 
0.64 
0.64 
1.28 


TABLE  5.   FREE  CONVECTION  FACTORS  FOR  VARIOUS  DIAMETER  PIPES 
OR  VARIOUS  HEIGHT  PLATES 


Actual  o.  d.,  or  height,  in  

1 

2 

3 

4 

5 

6 

7 

8 

Factor          .               

1.88 

1.64 

1.52 

1.43 

1.37 

1.32 

1.28 

1.25 

Actual  o.  d.  or  height,  in  

9 

10 

12 

14 

16 

18 

20 

22 

Factor                 

1.22 

1,19 

1.15 

1.11 

1.09 

1.06 

1.04 

1.02 

'The  Transmission  of  Heat  by  Radiation  and  Convection,  by  Griffith  and  Davis  (Special  Report  No.  9, 
1922,  Department  of  Scientific  and  Industrial  Research,  His  Majesty's  Stationery  Office,  London,  England). 
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multiplied  to  obtain  the  free  convective  transfer  from  various  shapes 
whose  characteristic  dimensions  are  24  in.  or  over,  and  Table  5  gives  the 
factors  to  be  used  in  conjunction  with  the  factors  in  Table  4  for  obtaining 
the  free  convection  from  Table  3  for  pipes  and  ducts  whose  characteristic 
dimensions  are  less  than  24  in. 

TABLE  8.    HEAT  Loss  FROM  BRIGHT  COPPER  PIPE  GIVEN  ONE 

THIN  COAT  OF  CLEAR  LACQUER 

Expressed  in  Btu  per  hour  per  linear  foot  per  degree  Fahrenheit 
between  the  pipe  and  surrounding  still  air  at  70  F 


NOMINAL 
PIPE 
SIZE 
(INCHES) 

HOT  WATER  (Type  K  Copper  Tube) 

STEAM  (Standard  Pipe  Size  Pipe) 

120  F 

1SOF 

180  F 

210  F 

227.1  F 
(5Lb) 

297.7  F 
(50  Lb) 

337.9  F 
(100  Lb) 

TEMPERATURE  DIFFERENCE 

50  F 

80  F 

110  F 

140  F 

157.1  F 

227.7  F 

267.9  F 

1A 
H 

2  2 

m 

3 

m 

4 

&A 
5 
6 
8 

0,240 
0,320 
0.390 
0.470 
0.540 
0.690 
0,840 
0.960 
1.100 
1.241 

0.265 
0,356 
0.437 
0.537 
0.612 
0.762 
0,937 
1.025 
1.250 
1.400 

0.282 
0.373 
0.463 
0.554 
0.645 
0.818 
0.991 
1.135 
1.318 
1.480 

0.307 
0.414 
0.507 
0.614 
0.714 
0.892 
1.085 
1.270 
1.442 
1.556 

0.401 
0.477 
0.598 
0.700 
0.830 
1.005 
1.178 
1.400 
1.580 
1.750 
1.910 
2.130 
2.450 
3.120 

0.461 
0.571 
0.681 
0.812 
0.966 
1.164 
1.361 
1.625 
1.845 
2.040 
2.240 
2.415 
2,810 
3.425 

0.478 

0.578 
0.710 
0.840 
0.990 
1.201 
1.420 
1.700 
1.905 
2.130 
2.350 
2.610 
2.990 
3.730 

1.480 
1.700 
2.200 

1.685 
1.936 
2.500 

1.790 
2.052 
2.630 

1.965 
2.272 
2.854 

TABLE  9.    HEAT  Loss  FROM  HORIZONTAL  TARNISHED  COPPER  PIPE 

Expressed  in  Btu  per  hour  per  linear  foot  per  degree  Fahrenheit 

between  the  pipe  and  surrounding  still  air  at  70  F 


HOT  WATER  (Type  K  Copper  Tube) 

STEAM  (Standard  Pipe  Size  Pipe) 

NOMINAL 
PIPE 

120  F 

150  F 

180  F 

210  F 

227.1  ft 
(5Lb) 

297.7  F 
(50  Lb) 

337.9  F 
(100  Lb) 

SIZE 
(INCHES) 

TEMPERATURE  DIFFERENCE 

50  F 

80  F 

110  F 

'     140  F 

157.1  F 

227.7  F 

267,9  F 

1A 

0.250 

0.287 

0.300 

0.321 

0,433 

0.500 

0.530 

H 

0.340 

0.381 

0.409 

0.429 

0.533 

0.543 

0.654 

0.440 

0.475 

0.509 

0.536 

0.636 

0.746 

0.803 

VA 

0.500 

0.559 

0.618 

0.622 

0,764 

0.878 

0.934 

m 

0.580 

0.656 

0.710 

0.750 

0,904 

1.053 

1.120 

2 

0,730 

0.825 

0.890 

0.957 

1.101 

1,273 

1.364 

% 

0.880 

1.000 

1,091 

1.143 

1.305 

1.490 

1.605 

3 

1.040 

1,175 

1.272 

1.343 

1.560 

1.800 

1.940 

3H 

1.180 

1.350 

1.454 

1.535 

1.750 

2.020 

2.170 

1.460 

1.500 

1.635 

1.715 

1.941 

2.240 

2.430 

4^ 

2.131 

2,465 

2.650 

1.600 

1.812 

1.980 

2.071 

2.387 

2.770 

2.990 

6 

1.840 

2.125 

2.270 

2.430 

2.740 

3,210 

3.440 

8 

2,400 

2,685 

2.910 

3.110 

3.310 

4,050 

4.370 
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TABLE  10.    RADIATING  SURFACE  PER  LINEAR  FOOT  OF  PIPE 


NOMINAL 
PIPB  SIZE 
(INCHES) 

SUHPACH  AREA 
(Sq  FT) 

NOMINAL 
POT  SIZE 
(INCHBH) 

SUHPACB  AKKA, 
(So  FT) 

NOMINAL 
Ptpni  SrzB 
(INCHBB) 

SORFACK  AttWA, 
(SQ  FT) 

1A 

0.22 

2 

0.622 

5 

1.456 

K 

0.275 

2*A 

0.753 

6 

1.734 

0.344 

3 

0.917 

8 

2.257 

VA 

0.435 

m 

1.047 

10 

2.817 

iy2 

0.498 

4 

1.178 

12 

3.3s38 

TABLE  11.    RADIATING  SURFACE  PER  LINEAR  FOOT  OF  COPPER  TUNING 
Outside  diameter  Y%  in.  greater  than  nominal  size 


TTTBB  Sizra 
(INCHES) 

SURFACE  AHKA 
(So  FT) 

TUBE  SIZE 
(INCHES) 

SURFACE  ARM 
(Sd  FT) 

TUBH  Sim 

(iNrifKH) 

SUKITACB  AKKA 
(8q  FT) 

1 
1J4 

0.164 
0.229 
0.295 
0.360 

2 

VA 
3 
&A 

0.556 
0.687 
0.818 
0.949 

5 
6 
8 

1.342 
1.604 
2.128 

ty* 

0.426 

4 

•      1.080 

For  example,  the  free  convection  transfer  from  a  3  in.  o.d.  horizontal 
cylinder  for  a  temperature  difference  of  40  F  =  25.0  X  0,73  X  1.52  = 
27.7  Btu  per  square  foot  per  hour. 

The  increased  rate  of  heat  transfer  due  to  forced  convection  can  be 
calculated  from  the  formula: 

qtc  -  1  4-  0.225  V  (3) 

where 

qfc  =  heat  transfer  by  forced  convection,  Btu  per  square  foot  per  hour  per  degree 

Fahrenheit  temperature  difference. 
V  =  velocity  of  air,  feet  per  second. 

This  formula  is  approximately  correct  for  large  surfaces  exposed  to 
air  currents  at  temperatures  of  approximately  70  to  80  F. 

HEAT  LOSSES  FROM  BARE  PIPES 

Heat  losses  from  horizontal  bare  steel  pipes,  based  on  tests  conducted 
at  Mellon  Institute  and  calculated  from  Equations  1  and  2,  are  given  in 
Table  6.  The  monetary  values  of  the  loss  of  heat  given  in  Table  6  may  be 
obtained  by  means  of  Fig.  1  for  various  heating  system  efficiencies, 
temperature  differences,  and  calorific  values,  and  costs  of  coal.  To  solve 
a  problem,  select  the  proper  heat  loss  coefficient  from  Table  6  and  locate 
this  value  on  the  upper  left-hand  margin  of  the  chart.  Then  draw  lines 
in  the  order  indicated  by  the  dotted  lines,  the  dollar  value  of  the  heat 
loss  per  100  linear  feet  of  pipe  per  1000  hours  being  given  on  the  upper 
right-hand  scale.  In  using  the  chart,  the  cost  of  coal  should  also  include 
the  labor  for  handling  it,  boiler  room  expense,  etc. 

Heat  losses  from  horizontal  copper  tubes  and  pipes  with  bright, 
lacquered  and  tarnished  surfaces  are  given  in  Tables  7,  8,  and  93. 

-,rtooHeat,felss  from  c°PPcr  Piping,  by  R.  H.  Heilman  (Heating,  Piping  and  Air  Conditioning,  September, 
lyoo,  p,  458). 

732 


CHAPTER  42.     PIPE  AND  DUCT  INSULATION 


FIG.  1.    CHART  FOR  ESTIMATING  DOLLAR  VALUE  OF  HEAT  Loss 
FROM  BARE  IRON  PIPES.    (SEE  TABLE  6)a 

»This  chart  is  based  on  100  linear  feet  per  1000  hours.  For  fractions  or  multiples  of  these  factors, 
multiply  by  proper  percentage. 

The  area  in  square  feet  per  linear  foot  of  pipe  is  given  in  Table  10  for 
various  standard  pipe  sizes,  and  Table  11  for  copper  tubing,  while  Table 
12  gives  the  area  in  square  feet  of  flanges  and  fittings  for  various  standard 
pipe  sizes.  These  tables  can  be  used  to  advantage  in  estimating  the 
amount  of  insulating  cement  required  for  various  equipment. 

Very  often,  when  pipes  are  insulated,  flanges  and  fittings  are  left  bare 
so  as  to  allow  for  easy  access  to  the  fittings  in  case  of  repairs.  The  fact 
that  a  pair  of  8-in.  standard  flanges  having  an  area  of  2.41  sq  ft  would 
lose,  at  100  Ib  steam  pressure,  an  amount  of  heat  equivalent  to  more  than 
a  ton  of  coal  per  year  shows  the  necessity  for  insulating  such  surfaces. 
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1.2 


0. 


40  80  120  160  200~~        240  280 

TEMPERATURE  DIFFERENCE  FROM  PIPE  TO  ROOM,  DEG  FAHR 

FIG.  2.   HEAT  Loss  THROUGH  1  IN.  THICK  85  PER  CENT 
MAGNESIA  TYPE  COVERING 
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TABLE  12.   AREAS  OF  FLANGED  FITTINGS,  SQUARE,  FEET* 


NOMINAL 

FLANGED 
COUPLING 

90  Duo  ELL 

LONG  RADIUS 
ELL 

TM 

CROSS 

PIPE  SIZE 

(INCHES) 

Standard 

Extra 
Heavy 

Standard 

Eztra 
Heavy 

Standard 

Extra 
Heavy 

Standard 

Extra 
Heavy 

Standard 

Extra 
Heavy 

I 

0.320 

0.438 

0.795 

1.015 

0.892 

1.083 

1.235 

1.575 

1.622 

2.07 

l/"i 

0.383 

0.510 

0.957 

1.098 

1.084 

1.340 

1.481 

1.925 

1.943 

2.53 

lj^ 

0.477 

0.727 

1.174 

1.332 

1.337 

1.874 

1.815 

2.68 

2.38 

3.54 

2 

0.672 

0.848 

1.65 

2.01 

1.84 

2.16 

2.54 

3.09 

3.32 

4.06 

2H 

0.841 

1.107 

2.09 

2.57 

2.32 

2.76 

3.21 

4.05 

4.19 

5.17 

3 

0.945 

1.484 

2,38 

3.49 

2.68 

3.74 

3.66 

5.33 

4.77 

6.95 

3M 

1.122 

1.644 

2.98 

3.96 

3.28 

4.28 

4.48 

6.04 

5.83 

7.89 

1.344 

1.914 

3.53 

4.64 

3.96 

4.99 

5.41 

7.07 

7.03 

9.24 

4H 

1.474 

2.04 

3.95 

5.02 

4.43 

5.46 

6.07 

7.72 

7.87 

10.07 

5 

1.622 

2.18 

4.44 

5.47 

5.00 

6.02 

6.81 

8.52 

8.82 

10.97 

6 

1.82 

2.78 

5.13 

6.99 

5.99 

7.76 

7.84 

10.64 

10.08 

13.75 

8 

2.41 

3.77 

6.98 

9.76 

8.56 

11.09 

10.55 

14.74 

13.44 

18.97 

10 

3.43 

5.20 

10.18 

13.58 

12.35 

15.60 

15.41 

20.41 

19.58 

26.26 

12 

4.41 

6.71 

13.08 

17.73 

16.35 

18.76 

19.67 

26.65 

24.87 

34.11 

•Including  areas  of  accompanying  flanges  bolted  to  the  fitting. 

Example  1.  Compute  the  total  annual  heat  loss  from  165  ft  of  2  in.  bare  pipe  in 
service  4000  hours  per  year.  The  pipe  is  carrying  steam  at  10  Ib  pressure  and  is  exposed 
to  an  average  air  temperature  of  70  F. 

Solution.  The  pipe  temperature  is  taken  as  the  steam  temperature,  which  is  239.4  F, 
obtained  by  interpolation  from  Table  8  Chapter  1.  The  temperature  difference  between 
the  pipe  and  air  =  239.4  —  70  =  169.4  F.  By  interpolation  of  Table  6  between  tem- 
perature differences  of  157.1  and  227.7  F,  the  heat  loss  from  a  2  in.  pipe  at  a  temperature 
difference  of  169.4  F  is  found  to  be  1.624  Btu  per  hour  per  linear  foot  per  degree  tem- 
perature difference.  The  total  annual  heat  loss  from  the  entire  line  =  1.624  X  169.4  X 
165  (linear  feet)  X  4000  (hours)  =  181,600  Mb. 

Example  2.  Coal  costing  $11.50  per  ton  and  having  a  calorific  value  of  13,000  Btu 
per  pound  is  being  burned  in  the  furnace  supplying  steam  to  the  pipe  line  given  in  the 
previous  example.  If  the  system  is  operating  at  an  overall  efficiency  of  55  per  cent, 
determine  the  monetary  value  of  the  annual  heat  loss  from  the  line. 

Solution.     The  cost  of  heat  per  1000  Mb  supplied  to  the  system  =  1,000,000  X  11.5 

TABLE  13.    CONDUCTIVITY  (k)  OF  VARIOUS  TYPES  OF  INSULATING  MATERIALS 
FOR  MEDIUM  AND  HIGH  TEMPERATURE  PIPES& 


TYPES  OF  INSULATING  MATERIALS 


100 

200 

300 

400 

500 

85  per  cent  Magnesia  Type             

0.359 
0.495 

0.505 
0.326 
0.374 

0.350 
'0.576 

0.338 

0.403 
0.618 

0.598 
0.380 
0.445 

0.410 
0.614 

0.396 

0.448 
0.741 

0.692 
0.434 
0.518 

0.470 
0:652 

0.453 

0.493 
0.864 

0.786 
0.488 
0.589 

0.530 
0.689 

0.510 

0.539 

Corrugated  Asbestos  Type             

(4  Plies  per  1  in.  thick) 
Corrugated  Asbestos  Type              -  .       ... 

(8  Plies  per  1  in.  thick) 

0.543 
0.662 

0.590 
0.726 

0.568 

(30-40  Laminations  per  1  in.  thick) 
Laminated  Asbestos  Type     -  «.  

(14-20  Laminations  per  1  in,.,  thick) 
Mineral  Wool  Type  «.:...'  .'  

High  Temperature  Type      ,          *.....:... 

(Diatomaceous  Earth  and  Asbestos) 
Brown  Asbestos  Type.  ..      r  

(Felted  Fiber) 

MEAN  TEMPERATURE,  DEC  F 


•From  tests  conducted  at  Melton  Institute. 
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(dollars)  -J-  13,000  (Btu)  X  2000  (Ib)  X  0.55  (efficiency)  *  $0.804.  The  total  cost  of 
heat  lost  per  year  =  0,804  X  181.6  (thousand  Btu)  =  $146.00.  (A  closely  approximate 
solution  of  such  a  problem  may  be  made  quickly  by  the  use  of  the  estimating  chart  given 
in  Fig.  1.) 

HEAT  LOSSES  FROM  INSULATED  PIPES 

The  conductivities  of  various  materials  used  for  insulating  steam  and 
hot  water  systems  are  given  in  Table  13.    They  are  given  as  functions  of 


40  80  120  160  200  240  280 

TEMPERATURE  DIFFERENCE  FROM  PIPE  TO  ROOM,  DEG  FAHR 

FIG.  3.    HEAT  Loss  THROUGH  1J^  IN.  THICK  85  PE$  CENT 
MAGNESIA  TYPE  COVERING 

the  mean  temperatures  or  the  mean  of  the  inner  and  outer  surface  tem- 
peratures of  the  insulations.  It  should  be  emphasized  that  they  are  the 
average  values  obtained  from  a  number  of  tests  made  on  eacn  type  of 
material,  also  that  all  variables  due  to  differences  in  thickness,  pipe  sizes, 
and  air  conditions  are  eliminated.  Individual  manufacturer's  materials 
will,  of  course,  vary  in  conductivity  to  some  extent  from  these  values. 
The  heat  losses  through  1,  1M>  and  2-in.  thick  85  per  cent  Magnesia 
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type  of  insulation  for  temperature  differences  between  the  pipe  and  the 
surrounding  _  atmosphere  up  to  280  F  are  shown  in  Figs.  2,  3,  and  4. 
Standard  ^  thicknesses  of  85  per  cent  Magnesia  pipe  covering  are  not 
exactly  1  in.  However,  the  loss  through  any  given  thickness  of  insulation 
can  be  obtained  by  interpolation.  Also,  the  losses  through  any  of  the 
insulations  given  in  Table  13  can  be  obtained  by  multiplying  the  losses 
obtained  from  Figs.  2,  3,  or  4  by  the  factors  given  in  Table  14. 

The  rate  of  heat  loss  from  a  surface  maintained  at  constant  temperature 
is  greatly  increased  by  air  circulation  over  the  surface.    In  the  case  of 


40  80  120  160  200  240  280 

TEMPERATURE  DIFFERENCE  FROM  PIPE  TO  ROOM,  DEG  FAHR 


FIG,  4, 


HEAT  Loss  THROUGH  2  IN.  THICK  85  PER  CENT 
MAGNESIA  TYPE  COVERING 


well-insulated  surfaces,  the  increases  in  losses  due  to  air  velocity  are  very 
small  as  compared  with  increases  from  bare  surfaces,  which  is  indicated 
by  Equation  3,  because  of  the  fact  that  air  flowing  over  the  surface  of  the 
insulation  can  increase  only  the  rate  of  heat  transfer  from  surface  to  air, 
and  cannot  change  the  internal  resistance  to  heat  flow  inherent  in  the 
insulation  itself.  The  maximum  increase  in  heat  loss  due  to  air  velocity 
ranges  from  about  30  per  cent  in  the  case  of  1-in.  thick  insulation,  to  about 
10  per  cent  in  the  case  of  3-in.  thick  insulation,  provided  that  the  insu- 
lation is  thoroughly  sealed  so  that  air  can  flow  only  over  the  surface. 
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If  the  ^ conditions  are  such  that  the  air  may  circulate  through  cracks 
and  crevices  in  the  insulation,  the  increases  may  be  far  greater  than  those 
given.  Therefore,  it  is  essential  that  insulation  be  sealed  as  tightly  as 
possible.  Pipe  insulation  exposed  to  the  elements  should  be  thoroughly 
waterproofed. 

Example  S.  If  the  steam  line  given  in  Examples  1  and  2  is  covered  with  1  in.  thick 
85  per  cent  magnesia,  determine  the  resulting  total  annual  loss  through  the  insulation. 
Also  compute  the  monetary  value  of  the  annual  saving  and  the  percentage  of  saving 
over  the  heat  loss  from  the  bare  pipe. 

Solution.  By  referring  to  Fig.  2,  the  coefficient  for  1  in.  magnesia  on  a  2  in.  pipe  is 
found  to  be  0.285  Btu  per  hour  per  linear  foot  of  pipe  per  degree  temperature  difference 
at  a  temperature  difference  of  169.4  F.  The  total  hourly  loss  per  linear  foot  of  pipe  will 
then  be  0,285  X  169.4  -  48.3  Btu,  The  total  annual  loss  through  the  insulation  - 
48.3  X  165  (linear  feet)  X  4000  (hours)  =  31,900  Mb.  The  annual  bare  pipe  loss  as 
determined  in  the  solution  of  Example  1  was  found  to  be  181,600  Mb,  The  saving  due 
to  insulation  is  then  181,600  -  31,900  -  149,700  Mb  per  year. 

From  the  solution  of  Example  2,  it  was  found  that  the  heat  supplied  to  the  system 
cost  $0.804  per  thousand  Mb.  Therefore,  the  monetary  value  of  the  saving  =  0.804 
(dollars)  X  149.7  (thousand  Mb)  »  $120.36,  or  82.4  per  cent  of  the  cost  when  using 
uninsulated  pipe. 

TABLE  14.   PIPE  COVERING  FACTORS 


TYPES  OF  INSULATING  MATERIALS 

TEMPERATURE  DIFFERENCE,  PIPE  TO  AIR,  DBG  F 

100 

200 

300 

400 

500 

600 

85  per  cent  Magnesia  Type 

1.050 
1.425 

1.435 
0.969 
1.103 

1.023 
1.560 

1.003 

1.024 

1,465 

1.437 
0.960 
1.104 

1.028 
1.489 

0.997 

0.997 
1.505 

1.438 
0.951 
1.105 

1.033 
1.418 

0.990 

0.971 

1.545 

1.440 
0.942 
1.106 

1.038 
1.347 

0.984 

0.944 

0.933 
1.107 

1.043 
1.276 

0.977 

0.918 

0.924 
1.108 

1.048 
1.205 

0.971 

Corrugated  Asbestos  Type  

(4  Plies  per  1  in.  thick) 
Corrugated  Asbestos  Type  

(SJPlies  per  1  in.  thick) 
Laminated  Asbestos  Type     ...    „ 

(30-40  Laminations  per  1  in.  thick) 
Laminated  Asbestos  Type 

(14-20  Laminations  per  1  in.  thick) 
Mineral  Wool  Type.  

High  Temperature  Type  

(Diatomaceous  Earth  and  Asbestos) 
Brown  Asbestos  Type  

(Felted  Fiber) 

HEAT  LOSSES  FROM  DUCTS 

The  thermal  transmission  coefficient  U  for  an  uninsulated  metal  duct 
can  be  obtained  from  the  equation : 

1 

u  =    1  4.   1  W 

~fi+"K 
where 

U  =  thermal  transmittance,  Btu  per  square  foot  per  hour  per  degree  Fahrenheit 
difference  in  temperature  between  the  average  temperature  inside  the  duct  and 
the  air  outside  the  duct. 

/i  =  film  conductance  inside  the  duct,  Btu  per  hour  per  square  foot  per  degree 
Fahrenheit. 

/o  =  film  conductance  outside  the  duct,  Btu  per  hour  per  square  foot  per  degree 
Fahrenheit. 
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Film  conductance/i  for  air  flowing  in  ducts  apparently  depends  only  on 
the  velocity  of  the  air  and  the  diameter  of  the  duct.  A  fairly  reliable 
inside  coefficient  can  be  calculated  from  Schultz's  modified  equation: 


where 

V0  =a  velocity  of  air  in  duct,  feet  per  second. 
D  =  diameter  of  duct,  feet. 

Film  conductance  /0  depends  on  a  number  of  variables  including  tem- 
perature, diameter,  and  emissivity  of  the  outer  surface.  Conductance  /0 
can  be  readily  calculated  from  Tables  1,  2,  3,  4,  and  5.  From  this  ex- 
planation, it  is  seen  that  it  is  unwise  to  recommend  a  given  value  of  U 
for  all  uninsulated  metal  ducts. 

The  heat  loss  from  a  given  length  of  duct  can  be  expressed  by  : 

(6) 


The  heat  given  up  by  the  air  in  the  duct  is: 

Q  =  0.24  M  (k  -  fa)  =  14.4  A  Vd  (h  -  fa)  (7) 

Equating  6  and  7  enables  the  determination  of  the  temperature  drop  in  the  duct: 

fa  +  fa  -  2*a        28.8  A  Vd 
ti  -  h  UPL 

Let  x  =  — jf=j —  for  rectangular  ducts,  =     '  JTT —  for  round  ducts,  solving  for 


/i  and  h\ 

.        fa  (*  -f  1)  -  2/3 
k  ^—jy— 


*  +  1 

For  low  velocities  and  long  ducts  of  small  cross-section,  a  somewhat 
more  accurate  formula  may  be  used  as  follows : 

•      /  _       **  ~  *»         it 

(^JIZL^\  do) 

e \14.4  AdV) 

In  these  equations 

Q  =  heat  loss  through  duct  walls,  Btu  per  hour. 

U  =  thermal  transmission  coefficient,  Btu  per  square  foot  per  hour  per  degree 

Fahrenheit. 

P  =»  perimeter  of  duct,  feet. 
L  =»  length  of  duct,  feet. 

k  =  temperature  of  air  entering  duct,  degree  Fahrenheit. 
k  =  temperature  of  air  leaving  duct,  degree  Fahrenheit. 
JB  ==  temperature  of  air  surrounding  duct,  degree  Fahrenheit. 
M  =  weight  of  air  per  hour,  through  the  duct,  pounds- 
A  =  cross-sectional  area  of  duct,  feet. 
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Heat  losses  for  insulated  ducts  are  given  in  the  warm  air  column  of 
Table  15.  The  losses  are  based  on  a  uniform  series  of  material  con- 
ductivities at  86  F  mean  temperature  and  an  air  temperature  of  50  F 
outside  of  the  duct.  The  losses  may  be  interpolated  for  odd  material 
conductivities  and  temperatures.  The  conductivities  of  various  materials 
will  be  found  in  Table  2  of  Chapter  3.  For  cases  where  the  surrounding 
air  temperature  is  other  than  50  F,  the  losses  may  be  selected  on  the 
basis  of  temperature  difference. 

Recently,  a  new  prefabricated  insulated  duct  built  entirely  of  asbestos 
has  been  placed  on  the  market. 

Example  4:  Determine  the  entering  air  temperature  and  heat  loss  for  a  duct  24  X  36 
in.  cross-section  and  70  ft  in  length,  insulated  with  J^  in.  of  a  material  having  a  con- 
ductivity of  0,35  Btu  at  86  F  mean  temperature,  carrying  air  at  a  velocity  of  1200  fpm, 
measured  at  70  F,  to  deliver  air  at  120  F  with  air  surrounding  the  duct  at  40  F. 

Solution.  Assume  the  entering  air  temperature  to  be  130  F.  Thus,  the  mean  tem- 
perature difference  will  be  85  F.  Referring  to  the  warm  air  column  of  Table  15  and 
interpolating  for  85  F  temperature  difference,  the  overall  heat  transmission  coefficient 
is  found  to  be  0.516  Btu.  From  Table  6  Chapter  1  the  density  of  air  at  70  F  and  29.92  in. 
Hg.  is  found  to  be  0.0749  Ib  per  cubic  foot.  Substituting  these  and  the  other  given 
values  in  Formula  8: 

28.8  X  6  X  0.0749  X  1200         ,0  ai 
*  " 0^16lTlO~x"70 -  42'61 

,.  -  120  (42.61  +  1)  -  80   _  1MQ 


Based  on  123.8  F  entering  air  temperature,  the  new  mean  temperature  difference  will 
be  81  .9  F  and  the  new  transmission  coefficient  will  be  0.515.  Resubstituting  in  Formula 
8,  ti  becomes  123.9  F. 

Substituting  in  formula  6: 


Q  =  29.543  Btu 

LOW  TEMPERATURE  INSULATION 

Surfaces  maintained  at  temperatures  lower  than  the  surrounding  air 
are  insulated  to  reduce  the  flow  of  heat  and  to  prevent  condensation  and 
frost.  The  insulating  material  should  absorb  a  minimum  amount  of 
moisture,  for  one  reason  that  the  absorption  of  moisture  substantially 
increases  the  conductivity  of  the  material.  This  property  is  particularly 
important  in  the  case  of  surfaces  to  be  insulated  that  are  below  the  dew- 
point  of  the  surrounding  air.  In  such  cases,  due  to  vapor  pressure 
difference,  it  is  necessary  to  seal  the  surface  of  the  insulating  material 
against  the  penetration  of  water  vapor  which  would  condense  within  the 
material,  causing  a  serious  increase  in  heat  flow,  possible  breakdown  of 
the  material  and  corrosion  of  metal  surfaces.  An  insulating  material 
with  a  high  degree  of  moisture  absorption  might  pick  up  moisture  before 
application  and  then,  when  the  seal  is  in  place  and  the  temperature  of  the 
insulated  surface  reduced,  release  that  moisture  to  the  cold  surface. 

The  thickness  of  insulation  required  to  prevent  sweating  is  that 
thickness  which  will  raise  the  temperature  of  the  outer  surface  of  the 
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insulation  to  a  point  slightly  higher  than  the  dew-point  for  the  corre- 
sponding air  temperature  and  relative  humidity.  The  difference  in  tem- 
perature between  the  air  and  the  dew-point  for  various  humidities  can  be 
readily  ascertained  from  a  psychrometric  chart. 

The  thickness  of  insulation  required  to  prevent  sweating  for  rectangular 
ducts  will  be  slightly  greater  than  the  value  obtained  by  solving  the 
equation : 

r~Ti  m  /-\  i      \     — 1 

(ID 


•where 

L  =  thickness  of  insulation  for  flat  surfaces,  inches. 
T\  =  temperature  of  air  in  room,  degrees  Fahrenheit, 
Tz  =  temperature  of  surface  of  insulation,  degrees  Fahrenheit. 
T3  =  average  temperature  of  cooler  air  in  duct,  degrees  Fahrenheit, 
k  =  conductivity  of  insulation,  Btu  per  hour  per  square  foot  per  degree  Fahrenheit 

per  inch. 

2  =  heat  loss  per  square  foot  of  outer  surface  of  insulation,  Btu  per  hour, 
/o  and  /i  have  the  same  values  as  given  in  Formula  4. 

In  any  practical  case  T\  and  T*  will  be  known,  and,  for  any  assumed 
value  of  relative  humidity  (Ti  —  T2)  can  be  obtained  from  a  psychro- 
metric chart.  Values  of  q  and/0  can  be  obtained  from  Tables  1,2,3,  and  4 ; 
/i  from  Formula  5;  and  k  from  conductivity  Table  2  of  Chapter  3. 

The  approximate  thickness  of  insulation  used  to  prevent  condensation 
on  pipes  and  flat  metallic  surfaces  may  be  obtained  from  Fig,  5.  The 
maximum  permissible  temperature  drop  is  indicated  at  the  point  where 
the  guide  line  passes  through  the  horizontal  scale  at  the  left  center  of  the 

TABLE  16.    HEAT  GAINS  FOR  INSULATED  COLD  PIPES 

Rates  of  heat  transmission  given  in  Btu  per  hour  per  degree  Fahrenheit  temperature  difference 
between  fluid  in  pipe  and  surrounding  still  air 

Based  on  materials  having  conductivity,  k  =  0,80 


ICE  WATER  THICKNESS 

BRINE  THICKNESS 

HEAVY  BHINB  THICKNESS 

NOMINAL 

PIPE 

SIZE 
(INCHES) 

Thickness 
of. 
Insulation 
(Inches) 

Btu  Per 
Linear 
Foot 

Btu  Per 
Sq  Ft 
Pipe 
Surface 

Thickness 
of 
Insulation 
(Inches) 

Btu  Per 
Linear 
Foot 

Btu  Per 

Sq  Ft 
Pipe 
Surface 

Thickness 
of 
Insulation 
(Inches) 

Btu  Per 
Linear 
Foot 

Btu  Per 
Sq  Ft 
Pip 
Surface 

y* 

1.5 

0.110 

0.502 

2.0 

0.098 

0.446 

2,8 

0.087 

0.394 

% 

1.6 

0.119 

0.431 

2.0 

0.111 

0.405 

2,9 

0,094 

0.340 

i 

1.6 

0.139 

0.403 

2,0 

0.124 

0.352 

3,0 

0,104 

0.294 

1/4 

1.6 

0.155 

0.357 

2.4 

0.131 

0,300 

3.1 

0.113 

0.260 

I}/! 

1.5 

0.174 

0.351 

2.5 

0.134 

0.270 

3-2 

0,118 

0.238 

2 

1.5 

0.200 

0.322 

2,5 

0.151 

0.244 

3,3 

0.134 

0,214 

m 

1.5 

0.228 

0.303 

2.6 

0,170 

0.226 

3.3 

0.147 

0.197 

3 

1.5 

0.269 

0.293 

2,7 

0,186 

0.202 

3.4 

0.162 

0.176 

m 

1.5 

0.295 

0.282 

2,9 

0.191 

0.183 

3.5 

0.176 

0.167 

4 

1.7 

0.294 

0.248 

2.9 

0.209 

0.176 

3.7 

0.182 

0.154 

5 

1.7 

0.349 

0.239 

3.0 

0.241 

0.165 

3.9 

0,202 

0.138 

6 

1.7 

0.404 

0.233 

3,0 

0.259 

0,150 

4,0 

0,228 

0.130 

8 

1.9 

0.455 

0.201 

3.0 

0.318 

0.140 

4.0 

0.263 

0.116 

10 

1.9 

0.559 

0.198 

3.0 

0.383 

0.135 

4.0 

0.309 

0.110 

12 

1.9 

0.648 

0.194 

3.0 

0.438 

0.131 

4.0 

0.364 

0,108 
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chart.  This  temperature  drop  represents  the  difference  between  the  dry- 
bulb  temperature  and  the  dew-point  temperature  for  the  conditions 
involved.  (See  discussion  of  Condensation  in  Chapter  3.)  The  surface 
resistances  used  for  calculating  the  family  of  curves  in  Fig.  5  are  based  on 
tests  made  on  canvas  covered  pipe  insulation  surfaces  at  Mellon  Institute. 
However,  it  has  been  found  that  the  resistance  for  asphaltic  and  roofing 
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FIG.  5.   THICKNESS  OF  PIPE  INSULATION  TO  PREVENT  SWEATING** 

•Solve  problems  by  drawing  lines  as  indicated  by  dotted  line,  entering  chart  at  lower  left  hand  scale. 

surfaces  is  practically  the  same  as  for  canvas  surfaces,  so  that  the  curves 
may  be  followed  with  no  alteration  for  surfaces  commonly  used. 

Heat  gains  for  pipes  insulated  with  a  material  having  a  conductivity  of 
0.30  Btu  per  square  foot  per  hour  per  degree  Fahrenheit  difference  per 
inch  thickness  are  given  in  Table  16. 

Heat  gains  for  insulated  ducts  are  given  in  the  cold  air  column  of  Table 
15.  The  heat  gains  are  based  on  a  uniform  series  of  conductivities  at 
86  F  mean  temperature  and  an  air  temperature  of  90  F  outside  of  the  duct. 
The  gains  may  be  interpolated  for  odd  material  conductivities  and 
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temperatures.    For  cases  where  the  surrounding  air  temperature  is  other 
than  90  F  the  gains  may  be  selected  on  the  basis  of  temperature  difference. 

INSULATION  OF  PIPES  TO  PREVENT  FREEZING 

If  the  surrounding  air  temperature  remains  sufficiently  low  for  an  ample 
period  of  time,  insulation  cannot  prevent  the  freezing  of  still  water,  or  of 
water  flowing  at  such  a  velocity  that  the  quantity  of  heat  carried  in  the 
water  is  not  sufficient  to  take  care  of  the  heat  losses  which  will  result  and 
cause  the  temperature  of  the  water  to  be  lowered  to  the  freezing  point. 
Insulation  can  materially  prolong  the  time  required  for  the  water  to  give 
up  its  heat,  and  if  the  velocity  of  the  water  flowing  in  the  pipe  is  main- 
tained at  a  sufficiently  high  rate,  freezing  may  be  prevented. 

Table  17  may  be  used  for  making  estimates  of  the  thickness  of  insu- 
lation necessary  to  take  care  of  still  water  in  pipes  at  various  water  and 
surrounding  air  temperature  conditions.  Because  of  the  damage  and 
service  interruptions  which  may  result  from  frozen  water  in  pipes,  it  is 
essential  that  an  efficient  insulation  be  utilized.  This  table  is  based  on 
the  use  of  a  material  having  a  conductivity  of  0.30.  The  initial  water 
temperature  is  assumed  to  be  10  F  above,  and  the  surrounding  air  tem- 
perature 50  F  below  the  freezing  point  of  water  (temperature  difference, 
60  F). 

The  last  column  of  Table  17  gives  the  minimum  quantity  of  water  at 
initial  temperature  of  42  F  which  should  be  supplied  every  hour  for  each 
linear  foot  of  pipe,  in  order  to  prevent  the  temperature  of  the  water  from 
being  lowered  to  the  freezing  point.  The  weights  given  in  this  column 
should  be  multiplied  by  the  total  length  of  the  exposed  pipe  line  expressed 
in  feet.  As  an  additional  factor  of  safety,  and  in  order  to  provide  against 
temporary  reductions  in  flow  occasioned  by  reduced  pressure,  it  is  ad- 
visable to  double  the  rates  of  flow  listed  in  the  table.  It  must  be  empha- 
sized that  the  flow  rates  and  periods  of  time  designated  apply  only  for  the 
conditions  stated.  To  estimate  for  other  service  conditions  the  following 
method  of  procedure  may  be  used. 

If  water  enters  the  pipe  at  52  F  instead  of  42  F,  the  time  required  to 
cool  it  to  the  freezing  point  will  be  prolonged  to  twice  that  given  in  the 
table,  or  the  rate  of  flow  of  water  may  be  reduced  so  that  the  quantity 
required  will  be  one-half  that  shown  in  the  last  column  of  Table  17. 
However,  if  the  water  enters  the  pipe  at  34  F  it  will  be  cooled  to  32  F  in 
one-fifth  of  the  time  given  in  the  table.  It  will  then  be  necessary  to 
increase  the  rate  of  flow  so  that  five  times  the  specified  quantity  of  water 
will  have  to  be  supplied  in  order  to  prevent  freezing. 

If  the  minimum  air  temperature  is  -  38  F  (temperature  difference  80  F) 
instead  of  - 18  F,  the^ime  required  to  cool  the  water  to  the  freezing  point 
will  be  60/80  of  the  time  given  in  the  table,  or  the  necessary  quantity  of 
water  to  be  supplied  will  be  80/60  of  that  given. 

In  making  calculations  to  arrive  at  the  values  given  in  Table  17,  the 
loss  of  heat  stored  in  the  insulation,  the  effect  of  a  varying  temperature 
difference  due  to  the  cooling  of  pipe  and  water,  and  the  resistance  of 
the  outer  surface  of  the  insulation  to  the  transfer  of  heat  to  the  air  have 
all  been  neglected.  When  these  factors  enter  into  the  computations  it  is 
necessary  to  enlarge  the  factor  of  safety.  Also  as  stated,  the  time  shown 

744 


CHAPTER  42.    PIPE  AND  DUCT  INSULATION 


TABLE  17.    DATA  FOR  ESTIMATING  REQUIREMENTS  TO  PREVENT 
FREEZING  OF  WATER  IN  PIPES  WITH  SURROUNDING  AIR  AT  —  18  F 


NOMINAL 
PIPE 

SIZE 
(INCHES) 

NUMBER  OF  HOURS  TO  COOL  42  F  WATER 
TO  FREEZING  POINT 

WATER  FLOW  REQUIRED  AT  42  F  TO  PREVENT 
FREEZING,  POUNDS  PBR  LINEAR  FOOT 
OP  PIPE  PBR  HOUR 

Thickness  of  Insulation  in  Inches  (Conductivity,  k  -  0.30) 

2 

3 

4 

2 

3 

4 

H 

0.42 

0.50 

0.57 

0.54 

0.45 

0.40 

0.83 

1.02 

1.16 

0.68 

0.55 

0.48 

Ui 

1.40 

1.74 

2.02 

0.84 

0.68 

0.58 

2 

1.94 

2.48 

2.90 

0.95 

0.75 

0.64 

3 

3.25 

4.27 

5.08 

1.24 

0.94 

0.79 

4 

4.55 

6.02 

7.20 

1.47 

1.11 

0.93 

5 

5.92 

7.96 

9.69 

1.73 

1.29 

1.06 

6 

7.35 

9.88 

12.20 

1.98 

1.46 

1.19 

8 

10.05 

13.90 

17.25 

2.46 

1.78 

1.43 

10 

13.00 

18.10 

22.70 

2.96 

2.12 

1.70 

12 

15.80 

22.20 

28.10 

3.43 

2.45 

1.93 

in  the  table  is  that  required  to  lower  the  water  to  the  freezing  point.  A 
longer  period  would  be  required  to  freeze  the  water  but  the  danger  point 
is  reached  when  freezing  starts.  The  flow  of  water  will  stop  and  the  entire 
line  will  be  in  danger  as  soon  as  the  water  freezes  across  the  section  of  the ; 
pipe  at  any  point. 

When  water  must  remain  stationary  longer  than  the  times  designated 
in  Table  17,  the  only  safe  way  to  insure  against  freezing  is  to  install  a 
steam  or  hot  water  line  or  to  place  an  electric  resistance  heater  along  the 
side  of  the  exposed  water  line.  The  heatirig  system  and  the  water  line  are 
then  insulated  so  that  the  heat  losses  from  the  heating  system  are  not 
excessive,  and  the  heating  effect  is  concentrated  against  the  water  pipe 
where  it  is  needed.  For  this  form  of  protection  2  in.  of  an  efficient  insu- 
lation may  be  applied. 

ECONOMICAL  THICKNESS  OF  PIPE  INSULATION 

The  thicknesses  of  insulation  which  ordinarily  are  used  for  various 
temperature  conditions  are  given  in  Table  18.  Where  a  thorough  analysis 

TABLE  18.    THICKNESSES  OF  INSULATION  ORDINARILY  USED  INDOORS* 


STEAM  PRESSURES 
(Ls  GAQB) 
OR  CONDITIONS 

STEAM  TEMPERATURES 
DEGREES 
FAHRENHEIT 

THICKNESS  OF  INSULATION 

Pipes  Larger 
Than  4  In. 

Pipes 
2  In.  to 
4  In. 

Pipes 
HE 
to  1H  In. 

Oto25 
25  to  100 
100  to  200 
Low  Superheat 
Medium  Superheat 
High  Superheat 

212  to  267 
267  to  338 
338  to  388 
388  to  500 
500  to  600 
600  to  700 

•    lin. 
IHin. 
2  in. 
2Hin. 
3  in. 
3J^in. 

lin. 
lin. 
1J^  in. 
2  in. 
2J^in. 
3  in. 

lin. 
lin. 
lin. 
IHin. 
2  in. 
2  in. 

aAll  piping  located  outdoors  or  exposed  to  weather  is  ordinarily  insulated  to  a  thickness 
than  shown  in  this  table,  and  covered  with  a  waterproof  jacket. 
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ECONOMICAL    THICKNESS  OF  INSULATION 


HOURS  OF  OPERATION  PER  YEAR 

(L.  B.  McMillan,  Proc.  National  DisL  Healing  Assn.,  Vol.  18,  p,  138). 

FIG.  6.   CHART  FOR  DETERMINING  ECONOMICAL  THICKNESS  OF  INSULATION 
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of  economic  thickness  is  desired  this  may  be  accomplished  through  the 
use  of  .the  chart,  Fig.  6. 

The  dotted  line  on  the  chart  illustrates  its  use  in  solving  a  typical 
example.  In  using  the  chart,  start  with  the  scale  at  the  left  bottom 
margin  representing  the  given  number  of  hours  of  operation  per  year; 
then  proceed  vertically  to  the  line  representing  the  given  value  of  heat; 
thence  horizontally  to  the  right,  to  the  line  representing  the  given  tem- 
perature difference;  thence  vertically  to  the  line  representing  the  con- 
ductivity of  the  given  material ;  thence  horizontally,  to  the  left,  to  the  line 
representing  the  given  discount  on  that  material;  thence  vertically  to 
the  curve  representing  the  required  per  cent  return  on  the  investment; 
thence  horizontally  to  the  right,  to  the  curve  representing  the  given  pipe 
size;  thence  vertically  to  the  scale  at  the  top  right  margin  where  the 
economical  thickness  may  be  read  off  directly. 

UNDERGROUND  PIPE  INSULATION 

Underground  steam  distribution  lines  are  carried  in  protective  struc- 
tures of  various  types,  sizes  and  shapes.  (See  Chapter  16).  Detailed  data 
on  commonly  used  forms  of  tunnels  and  conduit  systems  have  been 
published  by  the  National  District  Heating  Association^. 

Pipes  in  tunnels  are  covered  with  sectional  insulation  to  provide 
maximum  thermal  efficiency  and  are  also  finished  with  good  mechanical 
protection  in  the  form  of  metal  or  waterproofing  membrane  outer  jackets. 
Conduit  systems  are  in  more  general  use  than  tunnels.  Pipes  carried  in 
conduits  may  be  insulated  with  sectional  insulation ;  however,  the  more 
usual  practice  is  to  fill  the  entire  section  of  the  conduit  around  the  pipes 
with  high  quality,  loose  insulating  material.  The  insulation  must  be 
kept  dry  at  all  times,  and  for  this  purpose  effective  waterproofing  mem- 
branes enclose  the  insulation.  A  drainage  system  is  also  provided  to  divert 
water  which  may  tend  to  enter  the  conduit. 

The  economical  thickness  of  insulation  for  underground  work  is  difficult 
to  determine  accurately  due  to  the  many  variables  which  have  to  be 
considered.  As  a  result  of  theories5  previously  developed,  together  with 

TABLE  19.    THICKNESS  OF  LOOSE  INSULATION  FOR  USE  AS 
FILL  IN  UNDERGROUND  CONDUIT  SYSTEMS 


STEAM 
PRESSURES 
(LB  GAGE) 
OR  CONDITIONS 

STEAM 
TEMPERATURES 
DEGREES 
FAHRENHEIT 

MINIMUM  THICKNESS  OP  INSULATION  IN  INCHES 

MINIMUM 
DISTANCE 

BETWEEN 
STEAM 

AND 

RETURN 

STEAM  LINES 

RETURN  LINES 

Pipes  Leas 
than  4  In. 

Pipes  4  In. 
to  10  In. 

Pipes  Larger 
than  12  In. 

Pipes  Less 
than  4  In. 

Pipes  4  In. 
and  Larger 

Hot  Water, 
or  0  to  25 
25  to  125 
Above  125,  or 
superheat 

212  to  267 
267  to  352 

352  to  500 

J* 

2M 

2 
2H 

3 

§* 

3M 

1H 
1M 

1« 

1H 

1 

m 

ilA 

^Handbook  of  the  National  District  Heating  Association,  Second  Edition,  1932. 

"Theory  of  Heat  Losses  from  Pipes  Buried  in  the  Ground,  by  J,  R.  Allen  (A.S.H.V.E.  TRANSACTIONS, 
Vol.  26,  1920,  p.  335). 
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other  experimental  data  which  have  been  presented,  the  usual  endeavor 
is  to  secure  not  less  than  90  per  cent  efficiency  for  underground  piping. 
Table  19  can  be  used  as  a  guide  in  arriving  at  the  minimum  thickness  of 
loose  insulation  fills  to  use  for  laying  out  conduit  systems.  Other  factors 
such  as  the  number  of  pipes  and  their  combination  of  sizes,  as  well  as  the 
standard  conduit  sizes,  are  primary  controlling  factors  in  the  amount  and 
thickness  of  insulation  for  use. 

When  sectional  insulation  is  applied  to  lines  in  tunnels  or  conduits, 
usual  practice  is  to  apply  the  most  efficient  materials  J^  in.  less  in  thick- 
ness than  that  determined  by  the  use  of  Fig.  6,  The  data  in  Fig,  6  are  based 
on  conditions  of  insulation  exposed  to  the  air,  whereas  normal  ground 
temperature  is  substituted  for  air  temperature  in  determining  the  tem- 
perature difference  for  use  with  the  chart  when  applying  it  for  under- 
ground pipe  line  estimates. 
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Chapter  43 

ELECTRIC  HEATING 

Resistors,  Heating  Elements,  Electric  Heaters,  Unit  Heaters, 
Central  Fan  Heating,  Electric  Boilers,  Electric  Hot  Water 
Heating,  Heating  Domestic  Water  Supply,  Radiant  Drying, 
Reversed  Cycle  Refrigeration,  Auxiliary  Electric  Heating, 
Control,  Calculating  Capacities,  Power  Problems 

ITLECTRIC  heating  is  steadily  assuming  a  more  important  place  in 
-G/  heating,  ventilating  and  air  conditioning  installations,  encouraged  in 
many  localities  by  reduced  electric  rates.  Electric  heating  is  flexible, 
clean,  safe,  convenient  and  easy  to  control.  It  has  many  basic  principles 
in  common  with  fuel  heating,  but  there  are  also  important  differences. 
When  heat  is  delivered  by  wire,  no  combustion  process  is  necessary, 
either  at  a  central  plant  or  at  the  individual  room  units.  The  output  of 
an  electric  heater  is  a  fixed  constant,  unaffected  by  the  temperature  of  the 
surrounding  air  and  it  follows  that  the  total  load  on  an  electric  heating 
system  is  the  total  wattage  of  connected  electric  heaters,  regardless  of 
weather  conditions.  The  main  obstacle  to  the  more  general  adoption  of 
electric  heating  for  buildings  is  the  cost  of  the  electricity  itself. 

All  heat  is  a  form  of  energy.  Fuels  hold  stored  chemical  energy  which 
is  released  into  heat  by  combustion.  Electrical  power  is  a  form  of  energy 
which  can  be  released  into  heat  by  passing  it  through  a  resisting  material. 
Both  fuel  and  electric  heating  have  two  divisions :  first,  the  conversion  of 
energy  into  heat;  second,  the  distribution  and  practical  use  of  the  heat 
after  it  is  produced. 

In  converting  the  chemical  energy  of  fuels  into  heat  by  combustion, 
there  is  necessarily  a  considerable  variation  in  thermal  efficiency.  This 
is  not  true,  however,  when  converting  electric  power  into  heat,  as  100 
per  cent  of  the  energy  applied  to  the  resistor  is  always  transformed  into 
heat.  In  electric  heating  practice  no  concern  need  be  given  to  efficiencies 
of  heat  production,  but  rather  to  efficiencies  of  heat  utilization.  The 
problem  is  to  distribute  the  electrically  produced  heat  units  in^  such 
manner  as  to  obtain  conditions  of  maximum  comfort  with  the  minimum 
consumption  of  electricity. 

DEFINITIONS 

Definitions  of  general  terms  used  in  fuel  heating  are  given  in  Chapter 
46.  Terms  which  apply  particularly  to  electric  heating  are: 
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sensation  of  warmth  which  is  caused  by  radiant  heat  makes  this  type 
desirable  for  temporary  use  where  the  heat  rays  can  fall  directly  upon  the 
body.  They  are  not  satisfactory  for  general  air  heating,  as  radiant  heat 
rays  do  not  warm  the  air  through  which  they  pass.  They  must  first  be 
absorbed  by  walls,  furniture,  or  other  solid  objects  which  then  give  up  the 
heat  to  the  air.  For  a  discussion  of  electrically  heated  panels  as  applied 
to  radiant  heating,  see  Chapter  44. 

Gravity  convection  electric  heaters,  designed  to  induce  thermal  air  circu- 
lation, deliver  heat  largely  by  convection,  and  should  be  located  and  used 
in  much  the  same  manner  as  steam  and  hot  water  radiators  or  convectors. 
They  generally  have  heating  elements  of  large  area,  with  moderate  surface 
temperature,  enclosed  to  give  proper  stack  effect  to  draw  cold  air  from 
the  floor  line.  The  flexibility  possible  with  electric  heating  elements 
should  discourage  the  use  of  secondary  mediums  for  heat  transfer.  Water 
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FIG.  1.    CEILING  MOUNTED  UNIT  HEATER 
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FIG.  2.   WALL  MOUNTED  UNIT  HEATER 


and  steam  add  nothing  to  the  efficiency  of  an  electric  heater  and  entail 
expensive  construction  and  maintenance. 

UNIT  HEATERS 

Electric  unit  heaters  include  a  built-in  fan  unit  which  circulates  room 
air  over  the  heating  elements.  Heaters  of  this  type  are  manufactured  in 
many  designs  and  sizes,  and  can  be  located  in  the  same  manner  as  steam 
unit  heaters. 

Electric  unit  heaters  are  used  in  industrial  plants,  sub-stations,  power 
houses,  pumping  stations,  etc.,  where  the  power  rate  for  electric  heating 
is  found  to  be  favorable.  In  many  large  plants,  such  as  flour  mills,  grain 
elevators,  etc.,  in  which  there  are  a  number  of  small  offices,  locker  rooms, 
etc.,  scattered  over  wide  areas,  electric  unit  heaters  are  frequently 
economical  in  such  locations.  In  small  unattended  stations,  where 
freezing  temperatures  cannot  be  permitted,  thermostatically-controlled 
electric  unit  heaters  are  frequently  used  to  maintain  a  temperature  above 
freezing.  The  best  location  for  the  heaters  depends  upon  local  circum- 
stances as  they  can  be  mounted  either  on  the  ceiling  to  direct  the  air 
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downward,  on  the  side  wall  about  7  ft  from  the  floor,  or  near  the  floor 
line.  Variations  in  design  are  necessary  for  different  locations,  but 
typical  arrangements  are  indicated  in  Figs.  1  and  2. 

The  arrangement  of  the  wiring  circuits  is  very  important  for  electric 
unit  heaters.  In  principle  they  are  all  the  same  and  include  as  essential 
elements  an  automatic  control  panel,  a  thermostat,  and  a  master  hand 
switch.  All  heaters  should  be  designed  with  a  safety  thermal  trip  wired 
in  series  with  the  magnet  coil  of  the  control  panel  and  with  the  hand 
switch  and  thermostat.  A  typical  wiring  diagram  is  shown  in  Fig.  3.  This 
applies  to  a  single  phase  power  supply,  but  for  3  phase  the  only  difference 
is  to  have  a  3-pole  panel  and  a  heater  arrangement  for  3-phase  connection. 

Portable  unit  heaters  are  useful  for  temporary  work,  such  as  drying  out 
damp  rooms,  or  for  warming  rooms  during  construction. 

CENTRAL  FAN  HEATING 

Electric  heating  elements  can  be  used  for  the  prime  source  of  heat  in  a 
central  fan  electric  heating  system  or  in  the  heating  phase  of  a  complete 


Power  supply 


FIG.  3.  WIRING  DIAGRAM  FOR  UNIT  HEATER 


air  conditioning  system.  They  can  be  used  in  the  same  manner  as  steam 
heating  units  for  tempering,  preheating  or  reheating  the  air  at  the  main 
supply  fan  location  and  as  booster  heaters  at  the  delivery  terminals  of  the 
duct  system.  In  the  humidification  phase  of  air  conditioning  electric 
heating  elements  can  be  used  to  provide  moisture  by  the  evaporation 
of  water,  or  for  controlling  air  washer  dew-point  temperatures  when 
mounted  as  preheating  units  on  the  intake  side  of  the  air  washer.  (See 
Chapter  20.) 

In  coordinating  the  input  of  heat  energy  and  the  volume  of  air  circu- 
lation,^ basic  difference  between  electric  heating  and  steam  heating 
enters  into  the  problem,  Steam  is  approximately  a  constant-temperature 
source  of  heat  for  any  given  pressure  and  a  change  in  air  volume  flowing 
over  steam  coils  does  not  greatly  affect  the  temperatures  of  the  delivered 
air.  The  amount  of  steam  condensed  (heat  input)  varies  in  proportion  to 
the  air  volume,  but  the  surface  temperature  of  the  steam  coils  remains 
about  the  same.  Electric  heat  is  quite  different,  having  a  constant  input 
of  energy.  If  the  volume  of  air  flow  over  electric  heating  elements  is 
changed,  and  no  change  is  made  in  the  electrical  power  connections,  there 
will  be  a  corresponding  change  in  the  temperature  of  the  air  delivered. 
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This  occurs  because  the  electrical  energy  input  remains  constant  and  the 
surface  temperature  of  the  heating  elements  will  vary  as  is  necessary  to 
force  the  air  to  accept  all  the  heat.  With  electric  heat  the  total  heat  is 
constant  unless  some  compensating  action  is  performed  by  control.  Auto- 
matic variation  of  the  electrical  heat  input  synchronized  properly  with 
the  air  flow  can  be  successfully  accomplished  by  various  special  methods 
of  control. 

Electric  heaters  are  useful  in  balancing  the  heat  distribution  in  central 
fan  heating  systems.  Even  in  those  instances  where  steam  is  the  principal 
heat  source,  the  temperature  of  individual  rooms  can  be  controlled  locally 
by  separate  electric  booster  heaters.  These  heaters  can  be  installed  in 
branch  ducts  or  behind  the  air  outlet  grilles  in  each  room.  With  this 
arrangement,  the  central  heating  unit  distributes  air  at  an  average  temper- 
ature, controlled  from  a  thermostat  centrally  located,  such  as  in  the  main 
return  duct.  The  electric  booster  heaters  may  be  controlled  by  thermo- 
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FIG.  4    RESISTANCE  TYPE  BOILER  FOR  STEAM  OR  HOT  WATER 

stats  mounted  in  each  individual  room  which  permit  the  occupant  to 
maintain  any  desired  temperature  independent  of  the  rest  of  the  building. 


ELECTRIC  BOILERS 

Steam  or  hot  water  generating  boilers  using  electric  energy  are  entirely 
automatic  and  are  well  adapted  to  intermittent  operation.  Small  electric 
boilers  usually  have  heating  elements  of  the  enclosed  metal  resistor  type 
immersed  in  the  water.  Boilers  of  this  construction  may  be  used  either 
with  direct  or  alternating  current  since  the  heat  is  delivered  to  the  water 
by  contact  with  the  hot  surfaces.  To  lessen  the  likelihood  of  the  heating 
elements  burning  out,  they  should  be  of  substantial  construction,  with  a 
low  heat  density  per  unit  of  surface  area  and  provision  should  be  made  for 
cleaning  off  desposits  of  scale  which  restrict  the  heat  flow.  A  typical 
resistance  type  of  steam  or  hot  water  boiler  is  shown  in  Fig.  4. 

Large  electric  boilers  are  usually  of  the  type  employing  water  as  the 
resistor,  using  immersed  electrodes.  With  this  type  only ^  alternating 
current  can  be  used,  as  direct  current  would  cause  electrolytic  deteriora- 
tion. Such  a  type  of  electrode  boiler  is  shown  in  Fig.  5.  ,  ,  ' . 
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Electric  steam  boilers  are  useful  in  industrial  plants  which  require 
'limited  amounts  of  steam  for  local  processes,  and  also  for  sterilizers, 
jacketed  vessels  and  pressing  machines  which  need  a  ready  supply  of 
steam.  It  sometimes  is  economical  to  shut  down  the  main  plant  fuel 
burning  boilers  when  the  heating  season  ends,  and  to  supply  steam  for 
summer  needs  with  small  electric  steam  boilers  located  close  to  the 
operation.  In  general,  electric  steam  heating  is  confined  to  auxiliary  or 
other  limited  applications.  If  the  heating  system  is  designed  to  use 
electricity  exclusively,  steam  generating  or  distributing  equipment  is 
superfluous. 

ELECTRIC  HOT  WATER  HEATING 

Electric  water  heating,  using  an  electric  boiler  in  place  of  a  fuel  burning 
boiler,  like  electric  steam  heating,  is  generally  confined  to  auxiliary  or 
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other  limited  applications.  The  use  of  insulated  water  storage  tanks,  in 
which  to  store  heat  generated  by  electricity  during  off-peak  hours  at 
extremely  low  rates,  is  a  development  which  has  some  special  applications. 

In  ^  this  system  of  heating,  the  primary  storage  tank  is  simply  a  large, 
well-insulated,  pressure  type  steel  tank,  equipped  with  electric  heating 
elements  and  automatic  time  switches,  which  also  have  automatic  limit 
controls  for  temperature  and  pressure.  The  heating  system  installed  in 
the  building  may  be  of  any  standard  individual  radiator  or  fan-served 
indirect  type  or  with  provisions  for  the  heating  and  humidification  phases 
of  an  air  conditioning  system.  A  system  of  this  kind  requires  very  careful 
design  to  avoid  excessive  overall  radiation  losses  during  periods  of  low 
heat  demand.  It  is  also  important  to  provide  for  sudden  changes  in  heat 
demand.  A  typical  hot  water  heating  boiler  is  illustrated  in  Fig.  4. 
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HEATING  DOMESTIC  WATER  BY  ELECTRICITY1 

Electric  water  heaters  of  the  automatic  storage  type  for  domestic  hot 
water  supply  are  simple  and  reliable.  In  many  sections  of  the  country 
low  electric  rates  have  been  established  by  the  electric  utilities  to  secure 
this  load.  In  some  localities,  electric  rate  schedules  divide  the  current 
used  for  water  heating  into  two  classifications,  regular  and  off-peak.  A 
time  switch  automatically  limits  use  of  the  off-peak  heating  element  to 
the  hours  of  off-peak  load,  while  the  regular  heating  element  is  a  stand-by 
at  all  times.  Storage  of  this  two-element  type  of  water  heater  is  larger 
than  average  to  carry  over  the  periods  when  the  off-peak  element  is  timed 
out,  without  too  frequent  demands  on  the  regular  heating  element  which 
takes  the  higher  domestic  lighting  service  rate.  Some  utilities  now  offer 
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a  schedule  which,  beyond  a  stipulated  minimum,  lowers  the  rate  for  all 
electric  service  if  an  electric  water  heater  is  installed. 

Competition  with  other  fuels,  especially  gas,  seems  to  be  the  major 
controlling  factor  in  the  use  of  electricity.  The  first  cost  of  electric 
storage  heaters  is  also  greater  than  for  gas,  owing  to  the  need  for  larger 
tank  storage  due  to  off-peak  service  and  slower  recuperating  capacity. 

In  residential  work,  to  effect  a  saving  in  the  cost  of  operation,  it  is 
sometimes  desirable  to  use  a  furnace  coil  or  indirect  heater  in  connection 
with  an  electric  water  heater.  In  this  case  it  is  important  to  make  the 
proper  connections  in  order  to  benefit  by  any  heat  obtained  from  the 
furnace  and  at  the  same  time  to  prevent  dangerous  overheating.  The 
proper  piping  connections  $re  shown  in  Fig.  6,  and  in  this  case  the  electric 
heater  will  only  furnish  heat  when  insufficient  heat  is  supplied  from  the 
furnace.  This  arrangement  has  a  further  advantage  in  the  summertime 
in  that  the  bare  tank  through  which  the  cold  water  passes  on  its  way  to 


iTest  Results  of  Electric  Water  Heaters,  by  C.  G.  HilHer  (A.S.H.V.E.  JOURNAL  SECTION,  Heating,  Piping 
and  Air  Conditioning,  November,  1936,  p.  632).  Fourteenth  Range  and  Water  Heater  Survey  (Electric 
Light  and  Power,  August,  1940). 
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the  electric  heater  serves  as  a  tempering  tank,  absorbing  heat  from  the 
basement  air  and  requiring  the  use  of  less  energy  in  the  electric  heater. 
A  typical  domestic  hot  water  heater  as  shown  in  Fig.  7  is  arranged  with 
upper  and  lower  heating  elements  for  the  usual  type  of  off-peak  heating 
service.  The  lower  heating  element  is  under  the  control  of  the  off-peak 
time  switch.  However,  the  upper  heating  element  is  usually  connected 
to  the  line  so  that  in  case  the  supply  of  hot  water  in  the  tank  becomes 
exhausted  the  top  thermostat  can  turn  on  the  top  heater  and  heat  a  small 
supply  of  water.  The  top  heater  will  not  heat  the  water  in  the  tank 
below  its  location,  but  when  the  off-peak  period  arrives  the  lower  heater 
is  turned  on  and  the  entire  tank  becomes  heated. 

RADIANT  DRYING 

Lacquers  and  similar  surface  films  can  be  very  effectively  dried  by 
radiation.  Special  electric  lamp  bulbs  have  been  developed  which  give  off 
a  high  percentage  of  infra-red  and  similar  heat  rays2.  These  are  mounted 
in  very  efficient  reflectors.  For  continuous  manufacturing  processes  these 
reflectors  are  mounted  in  tunnels  through  which  conveyors  pass.  For 
local  applications,  as  for  example  paint  drying  in  automobile  repair  shops, 
they  may  be  mounted  on  portable  racks. 

In  the  application  of  this  type  of  drying  the  composition  of  the  paint 
or  lacquer  is  important.  In  general,  lacquers  and  those  enamels  using 
synthetic  resins  react  most  favorably.  Other  applications  include  the 
drying  of  ink,  glue,  and  water,  the  softening  of  celluloid  and  bakelite  for 
punching  or  shearing,  and  a  wide  variety  of  other  uses. 

REVERSED  CYCLE  REFRIGERATION 

Reversed  refrigeration  is  frequently  referred  to  as  a  heat  pump  since  the 
electric  motor  driving  the  refrigerating  compressor  furnishes  the  motive 
power  to  transfer  heat  from  one  temperature  to  a  higher  temperature 
level.  The  compressor  acts  as  a  reversible  refrigerating  unit  to  extract 
heat  from  the  outdoor  air  in  winter  and  deliver  it  indoors  for  heating 
purposes,  and,  by  a  reversal,  to  extract  heat  from  the  indoor  air  in  summer 
and  discharge  it  outdoors. 

In  normal  use  a  refrigerating  machine  is  arranged  to  remove  heat  and 
the  heat  removed  is  dissipated  to  the  condenser  cooling  water.  The 
driving  energy  is  converted  into  heat,  most  of  which  is  added  to  the  heat 
removed  and  extracted.  In  so-called  reversed  refrigeration  the  heat 
removed  together  with  the  heat  converted  from  the  driving  energy  is 
utilized  to  heat  the  building.  This  conservation  of  the  heat  converted 
from  the  driving  energy  enables  the  reversed  refrigeration  to  show  a 
better  performance  in  heating  service  than  straight  refrigeration  can  show 
in  cooling  service.  In  order  to  overcome  the  drop  in  capacity  and  in 
efficiency  with  lower  outside  temperatures,  it  is  often  desirable  to  use 
well-water  instead  of  air  as  the  source  of  heat.  For  a  detailed  description 
of  this  cycle  see  Chapter  24, 


2Infra-Red  Lamps  Speed  Up  Drying  Operations  (Automotive  Industries  82:376-7;  April  15,  1940). 
Invisible  Rays  Build  Visible  Profits,  by  H.  M,  Archer  (Electric  Light  &  Power,  May,  1940).  Radiant 
Energy  Drying  and  Baking  for  Organic  Finishing  (Metal  Industry  38:204-0;  May,  1940). 
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AUXILIARY  ELECTRIC  HEATING 

In  conjunction  with  heating  systems  of  other  types,  an  auxiliary  elec- 
tric heating  arrangement  is  a  convenient  means  of  caring  for  mild  days 
in  the  spring  and  fall  which  require  little  heat  to  make  a  building  com- 
fortable. Likewise,  such  electric  heating  might  be  used  on  abnormally 
cold  days  to  help  out  the  main  heating  system  and  by  this  means  reduce 
the  necessary  size  of  the  system. 

A  few  installations  have  been  made  using  electric  heating  cable  buried 
in  the  floors  of  bathrooms,  etc.,  to  provide  auxiliary  electric  heating.  At 
least  one  airplane  hangar  is  heated  in  this  manner. 

Because  of  the  feeling  of  comfort  that  a  radiant  type  heater  gives, 
bathrooms  may  be  heated  electrically  with  this  type  of  heater  while  the 
rest  of  the  house  is  cared  for  by  some  other  system.  Offices  and  rooms 
which  require  heat  at  periods  when  the  main  heating  plant  is  shut  down 
can  be  conveniently  heated  electrically. 

CONTROL 

Because  the  efficiency  of  electric  heat  production  is  the  same  for 
small  and  large  units,  it  is  possible  to  reduce  heat  waste  to  a  minimum 
by  applying  local  heating,  locally  controlled.  Heaters  are  often  controlled 
manually  but  thermostatic  control  is  essential  for  economical  operation. 
For  duct  systems  having  a  variable  volume  of  air  flow  the  electric  heater 
control  must  automatically  vary  the  heat  input  in  coordination  with  the 
changes  in  air  volume  and  demand  for  heat. 

CALCULATING  CAPACITIES 

The  electric  heating  capacity  required  can  be  calculated  from  the  heat 
requirement  in  Btu  per  hour  by  using  the  equation: 

Btu  Pe1rQhour  =  kw  rating  of  required  electric  heating  (1) 

o41o 

For  comparison  with  steam  radiation : 

1  kw  =  341|4QtU   =  14.2  sq  ft  of  steam  radiation  (2) 

POWER  PROBLEMS 

The  cost  of  electric  energy  varies  because  of  several  factors.  Distribu- 
tion costs  differ  for  large  and  small  users.  The  fact  that  electricity  cannot 
be  economically  stored,  but  must  be  used  as  fast  as  it  is  generated,  makes 
it  impossible  to  operate  electric  plants  at  uniform  loads;  hence,  even  the 
time  of  use  may  affect  the  cost  of  electricity.  Special  low  rates  are  some- 
times available  during  certain  prescribed  hours  of  use. 

Since  the  cost  of  production  and  distribution  depends  not  only  upon 
the  quantity  of  energy  used  but  also  upon  the  maximum  rate  at  which  it 
is  used,  electric  energy  is  often  sold  on  a  demand  rate  basis.  In  some 
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cases,  the  demand  charge  is  based  upon  the  rated  connected  load,  in 
other  cases,  upon  the  maximum  demand  as  indicated  by  a  demand  meter. 

Homes  are  almost  universally  supplied  with  lighting  current  of  115 
volts,  which  can  only  be  used  economically  for  small  healers.  Usually 
the  service  lines  will  not  permit  more  than  plug-in  devices.  The  Under- 
writers permit  approved  heaters  of  1320  watts  or  less  to  be  plugged  into 
approved  baseboard  receptacles,  but  such  heaters  cannot  be  served  on  a 
circuit  supplying  much  other  load  without  overloading  the  fuses.  There 
is  an  increasing  trend  toward  supplying  homes  with  three  wire  115/230 
volt  service.  Where  homes  have  such  service,  larger  heaters  can  be 
installed.  For  industrial  purposes,  heaters  should  be  designed  to  use 
polyphase  power,  which  is  usually  supplied  at  220,  440  or  550  volts.  All 
polyphase  heaters  should  be  balanced  between  phases. 
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Chapter  44 

RADIANT  HEATING 

Physical  and  Physiological  Factors,  Control  of  Heat  Losses* 

Rate  of  Heat  Production,  British  Equivalent  Temperature, 

Application  Methods,  Calculation  Principles,  Mean  Radiant 

Temperature,  Measurement  of  Radiant  Heating 

TTOR  health  and  comfort,  the  rate  of  heat  loss  from  the  human  body 
J?  must  be  controlled,  by  the  aggregate  effect  of  the  conditions  sur- 
rounding the  body,  so  that  the  physiological  reactions  result  in  a  feeling 
of  comfort.  Generally,  any  heating  system  serves  not  to  add  heat  to  the 
individual,  but  to  reduce  the  net  rate  at  which  the  body  loses  heat  by 
radiation,  convection  and  evaporation.  In  convection  heating,  the 
heating  medium  serves  to  maintain  such  an  air  temperature  as  will  give 
comfort,  under  existing  conditions  of  humidity  and  of  surrounding  surface 
temperatures.  The  primary  object  of  radiant  heating,  on  the  other  hand, 
is  to  maintain  such  an  average  temperature  of  the  surrounding  surfaces, 
as  will  give  comfort  without  needlessly  heating  the  air.  The  difference 
between  convection  heating  and  radiant  heating  is  therefore  partly 
physical  and  partly  physiological. 

On  a  cool  spring  day  while  standing  in  the  sunshine,  one  may  feel 
perfectly  comfortable,  but  when  a  cloud  passes  over  the  sun,  one  will  feel 
much  cooler.  A  shielded  thermometer  will  show  no  immediate  reduction 
in  air  temperature,  so  one  actually  feels  a  cooling  effect  which  an  ordinary 
thermometer  cannot  register.  This  is  because  light  and  heat  waves  travel 
at  the  same  speed  and  are  both  interrupted  by  a  cloud,  or  other  shield. 
This  proves  that  radiant  heat  affects  the  comfort  of  the  body  as  definitely 
as  does  air  temperature. 

Comfort  requires  that  heat  escape  from  the  body  at  the  same  rate  as 
it  is  generated,  by  the  oxidation  of  food-stuffs  in  the  body,  and  in  a  manner 
suitable  to  physiological  requirements.  Furthermore,  the  surrounding 
conditions,  themselves,  cause  changes  both  in  the  rate  of  heat  generation 
in  the  body,  and  in  the  operation  of  the  several  methods  by  which  the 
body  loses  heat.  The  feeling  of  heat  or  cold  results  not  only  from  the 
rate  at  which  the  body  loses  heat,  but  also  from  the  manner  in  which 
the  heat  is  abstracted  from  the  body,  and  the  ease  with  which  the  body's 
heat  regulating  mechanisms  can  operate. 

CONTROL  CiF  HEAT  LOSSES 

Heat  is  transferred  from  any  warm  dry  object  to  cooler  surroundings 
principally  by  convection  and  by  radiation ;  the  total  loss  is  substantially 
the  sum  of  these  two.  Where  the  surface  is  moist,  as  with  the  human 
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will  result.  This  leaves  about  110  Btu  per  hour  to  be  lost  by  convection 
(or  5.65  Btu  per  hour  per  square  foot  of  convecting  body  surface). 

The  mean  surface  temperature  of  the  human  body,  including  the  whole 
area  not  only  of  exposed  skin  but  also  of  clothing  and  hair,  has  been 
estimated  variously  at  from  75  F  (particularly  in  England)  up  to  83  F 
(in  America).  Further  research  and  experience  will  be  needed  to  finally 
derive  the  most  suitable  value  for  the  American  climate.  The  final 
figures  will  vary  with  sex,  age,  clothing,  etc.,  but  will  probably  come 
between  these  extremes. 

The  mean  surface  temperature  of  an  inert  body,  which  will  cause 
given  rates  of  heat  loss  by  radiation  and  by  convection  in  a  uniform 
environment,  having  a  given  air  temperature  and  a  given  mean  wall 
temperature,  may  be  calculated  from  fundamental  equations  for  radiation 
and  natural  convection,  but  substituting  comparable  cylinders  for  the 
irregular  human  body. 

Heilman2  gives  the  following  equations  : 


« 

*)-  x(A)-x(r.-r.)-  * 


where 

HT  =  heat  loss  by  radiation,  Btu  per  square  foot  per  hour. 

He  *  heat  loss  by  convection,  Btu  per  square  foot  per  hour. 

Ts  —  absolute  temperature  of  the  body  surface,  degrees  Fahrenheit. 

Tw  =  absolute  temperature  of  the  walls,  degrees  Fahrenheit. 

J"a  «•  absolute  temperature  of  the  air,  degrees  Fahrenheit. 


D  =  diameter  of  cylinder,  inches. 
e  =  the  ratio  of  actual  emission  to  black  body  emission. 

If  it  is  assumed  that  an  average  adult  has  a  height  of  5  ft  8  in.  and  a 
body  surface  of  19.5  sq  ft  for  convection,  and  15.5  sq  ft  for  radiation, 
an  equivalent  effect  can  be  worked  out  for  two  cylinders,  5  ft  8  in.  high 
by  13.15  in.  diameter  and  10.45  in.  diameter,  respectively.  However, 
while  the  effects  on  a  cylinder  (of  a  particular  size  and  shape)  may  be 
used  to  estimate  average  similar  effects  on  the  human  body,  it  should 
be  remembered  that  the  heat  loss  from  the  body  varies  greatly.  Every 
movement  alters  not  only  its  shape,  but  also  the  velocity  of  the  air  passing 
over  it  and  the  surface  exposed  to  radiation.  This  fact  renders  the 
results  of  any  such  computation  only  approximate. 

BRITISH  EQUIVALENT  TEMPERATURE 

The  British  Equivalent  Temperature  (BET)  is  the  mean  temperature 
of  the  entire  environment  which  is  effective  in  controlling  the  rate  of 
sensible  heat  loss  from  a  black  body  in  still  air  when  this  body  has  a  surface 
temperature  equal  to  that  of  the  human  body,  and  a  size  comparable 


2Surface  Heat  Transmission,  by  R.  H,  Heilman  (A.SM.E.  Transactions,  Fuels  and  Steam  Power  Section, 
Vol.  51,  No  22.  September-December,  1929), 
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to  the  human  body.  The  BET  is,  therefore,  a  function  of  both  the  air 
temperature  and  the  mean  radiant  temperature  of  the  surrounding 
objects.  Its  numerical  value  in  a  uniform  environment  (walls  and  air 
at  the  same  temperature)  is  equal  to  the  temperature  of  the  walls  and  air. 
In  a  non-uniform  environment  (walls  and  air  at  different  temperatures), 
the  BET  for  America  is  at  present  considered  to  be  equivalent  to  that 
of  a  uniform  environment  in  which  a  body  with  an  83  F  surface  tem- 
perature will  lose  sensible  heat  at  the  same  rate  as  in  the  given  non- 
uniform  environment.  As  originally  defined  (in  England)  the  BET  was 
based  on  a  body  surface  temperature  of  75  F,  but  83  F  has  been  accepted 
as  more  'nearly  conforming  with  American  practice8.  The  most  suitable 
temperatures  depend  in  part  on  the  clothes  worn  by  the  individual, 
which  explains  why  ladies  in  evening  dress  require  a  higher  BET,  for 
comfort,  than  a  man  having  only  hands  and  head  uncovered.  The  higher 
the  BET,  the  less  the  heat  loss  from  the  body,  as  the  rate  of  loss  in  still 
air  is  approximately  proportional  to  the  difference  between  the  BET  and 
the  mean  body  surface  temperature. 

If  the  BET  were  83  F,  there  could  be  no  sensible  heat  loss  from  a 
surface  at  that  temperature;  so  the  temperature  of  a  normal  body  surface 
would  have  to  rise  to  a  point  where  the  heat  generated  in  the  tissues 
could  be  dissipated.  With  a  BET  of  about  65  to  70  F,  the  sensible  heat 
losses  from  the  assumed  average  individual  will  approximate  those  stated 
on  page  760.  Actual  experience  in  the  United  States  has  shown  that  with 
about  half  of  the  ceiling  surface  heated  to  about  115  F  in  midwinter 
weather,  it  is  practical  to  maintain  comfort  with  air  temperatures  of 
65  F  or  less. 

APPLICATION  METHODS 

There  are  several  methods  of  applying  radiant  heating,  as  follows: 

1.  By  warming  the  interior  surfaces  of  the  building.    Pipe  coils  are  embedded  in  the 
concrete  or  plaster  of  the  walls  or  ceilings,  the  heating  medium  being  hot  water  circu- 
lating through  the  pipe  coils.    These  coils  are  generally  constructed  of  small  pipe  spaced 
about  o^n.  apart  (Fig.  1),    This  has  the  effect  of  warming  the  entire  concrete  or  plaster 
surface  in  which  the  pipes  are  embedded.   Since  the  temperature  of  the  heating  medium 
should  never  exceed  about  140  F  (due  to  the  possibility  of  cracking  the  plaster)  the 
area  of  the  panel  must  be  sufficient  to  supply  the  requisite  quantity  of  heat  at  this  low 

and  |reat  operating  economy,  but  offers  some  slight  obstacles  when  alterations  or 
additions  to  the  building  are  desirable.  Normally  the  hot  water  circulation  is  maintained 
by  means  of  a  circulating  pump  and  facilities  have  to  be  provided  to  eliminate  all  air 
at  the  top  of  the  system.  All  of  the  pipes  are  welded  together  and  tested  after  erection 
to  a  hydraulic  pressure  of  300  Ib  per  square  inch. 

2.  By  placing  hot  water  or  steam  pipes  under  the  floor.    With  this  arrangement  the 
whole  floor  surface  of  a  room  is  raised  to  a  temperature  sufficient  to  give  comfortable 
conditions.    This  method  is  used  for  schools  and  hospitals  where  large  quantities  of 
outside  air  are  desirable  (Fig,  2).    In  some  cases  special  floors  are  constructed  in  sections 
so  that  a  whole  floor  can  be  lifted  to  examine  the  pipes.    The  floor  surface  may  be  of 
concrete,  wood  blocks,  marble  or  any  other  material  unaffected  by  heat.    Pipes  under 
the  floor  may  be  larger  than  those  embedded  in  the  plaster  walls  and  ceilings. 

3.  By  circulating  warm  a*>  through  shallow  ducts  under  the  floor.    In  this  design  the 
entire  floor  surface  of  a  room  is  heated  as  in  method  2.    This  method  was  used  occasion- 


(A.S.H.V.E,  TRANSACTIONS,  Vol.  39,  1933,  p,  303). 
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ally  in  the  Roman  Empire,  and  while  being  more  expensive  in  construction,  is  effective 
and  quite  suitable  for  cathedrals  and  large  public  buildings  (Fig.  3).  To  provide  a 
uniform  floor  temperature,  special  consideration  should  be  given  to  the  design  of  the 
air  ducts  so  that  equal  heat  distribution  is  obtained. 


Pannel  coil  in  brickwork 
behind  plaster  ^ 

Continuous  coll 
behind  plaster 


FIG.  1.    PIPE  COILS  LOCATED  IN  INTERIOR  WALL  SURFACES 
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SECTIONAL  ELEVATION 

FIG.  2.   ARRANGEMENT  OF  CONTINUOUS  PIPE  COIL  IN  FLOOR  CONSTRUCTION 


4.  By  attaching  separate  heated  metal  plates  or  panels  to  the  interior  surfaces.  These 
plates  or  panels  are  placed  either  in  an  insulated  recess  so  that  the  surface  of  the  panel  is 
flush  with  the  surface  of  the  walls  or  ceilings,  or  they  may  be  secured  to  the  face  of  the 
wall.  They  may  be  covered  with  wood  veneers  and  decorated  to  harmonize  with  other 
parts  of  the  room,  or  they  can  be  cast  into  panels  to  imitate  oak  or  other  wood  designs. 

763 


HEATING    VENTILATING    AIR  CONDITIONING     GUIDE  1941 


With  flat  plate  panels  it  is  common  practice  to  use  a  frame  of  plaster,  wood,  metal  or 
composition  to  allow  for  expansion.  These  plates  may  be  heated  with  either  hot  water 
or  steam  and  connected  to  an  ordinary  radiator  system. 

5.  By  electric  heated  metal  plates  or  panels.    These  plates  or  panels  are  either  placed 
in  insulated  recesses  of  walls  or  ceilings  or  fastened  to  the  construction,  as  found  desirable. 
They  should  not  have  a  surface  temperature  much  above  200  F;  some  have  a  much 
higher  surface  temperature  but  a  lower  temperature  gives  a  more  comfortable  condition 
and  is  more  efficient. 

6.  By  electrically  heated  tapestry  mounted  on  screens  and  on  the  walk    For  this  purpose 
the  screen  is  woven  with  an  electric  continuous  conductor.    Such  screens  are  useful  to 
plug  in  at  any  position  for  emergency  local  heating  without  taking  care  of  a  large  room 
or  office. 

Note.  If  all  of  a  heating  panel  is  installed  at  one  end  of  a  large  room  there  may  be 
a  marked  difference  between  the  BET  on  the  two  sides  of  the  body,  It  is  usually  desir- 
able, therefore,  that  the  heat  be  distributed  at  different  parts  of  the  walls  and  ceilings 
so  that  no  uncomfortable  effects  will  be  felt  from  unequal  heating. 

Slide  adjusting  inlet  damper 


•Va  r$~ 
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FIG.  3.    DIAGRAM  OF  Am  DUCTS  FOE  FLOOR  HEATING 


CALCULATION  PRINCIPLES 

The  calculations  for  radiant  heating  are  entirely  different  from  those 
for  convective  heating.  The  purpose  of  the  latter  is  to  determine,  and 
compensate  for  the  rate  of  heat  loss  from  the  room,  when  maintained 
in  the  desired  condition;  but  radiant  heating  involves  the  regulation 
of  the  rate  of  heat  loss  from  the  human  body. 

The  first  step  in  the  calculations  for  radiant  heating  of  a  given  room 
is  to  ascertain  the  desired  MRT;  next,  to  decide  at  what  temperature  the 
heating  surface  shall  operate;  then,  to  compute  the  size  and  disposition 
of  the  heating  surfaces  required  to  produce  this  MRT;  and  last,  to 
provide  convected  heat  for  the  required  number  of  air  changes, 

Mean  Radiant  Temperature 

If  the  entire  interior  surface  of  a  room  were  at  the  same  temperature, 
this  would  be  the  MRT.  Such  a  condition  seldom  exists,  however,  since 
in  different  parts  of  a  room,  with  some  surfaces  exposed  to  the  outer  air, 
the  actual  surface  temperature  varies  greatly  with  the  construction  and 
exposure  of  different  sides  of  the  enclosure.  It  is  therefore  necessary 
to  calculate  the  thermal  mean  of  these  interior  surface  temperatures. 

This  is  not  the  arithmetic  average  of  the  various  actual  surface  tem- 
peratures, but  the  radiant  temperature  which  corresponds  to  the  average 
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of  the  several  rates  of  heat  emission  (Btu  per  square  foot)  from  the  several 
surfaces.  The  emission  at  any  given  surface  temperature,  for  any  stated 
emissivity  factor,  and  also  the  MRT  corresponding  to  any  average 
emission,  can  be  obtained  directly  from  Table  1.  For  example,  if  the 
emissivity  of  the  surface  is  0.9,  1  sq  ft  of  surface  at  50  F  will  emit  104.9 
Btu  per  square  foot  per  hour  to  surroundings  at  absolute  zero. 

TABLE  1.    TOTAL  BLACK  BODY  RADIATION  TO  SURROUNDINGS  AT  ABSOLUTE  ZERO* 


BODY 

OR 

MEAN 
RADIANT 
TEMPER- 
ATURE 
Deg 
Fahr 

Radiation  in  Btu  per  square  foot  per  hour 
emitted  to  surroundings  with  a  tempera- 
ture of  absolute  zero  by  bodies  at  various 
temperatures  and  with  emisaivity  factor  e 

BODY 

OB 

MEAN 
UDIANT 

TEMPER- 
ATURE 

Deg 
Fahr 

Radiation  in  Btu  per  square  foot  per  hour  emitted 
to  surroundings  with  a  temperature  of  absolute 
zero   by   bodies   at  various  temperatures   and 
with  emissivity  factor  e 

1.00 

« 

0.9S 

0.90 

0.80 

0 
1.00 

0.95 

0.90 

0.80 

30 

99.3 

94.3 

89.4 

79.4 

71 

136.5 

129.6 

122.9 

109.3 

35 

103.5 

98.3 

93.2 

82.8 

72 

137.4 

130.5 

123.6 

109.9 

40 

107.6 

102.4 

96.8 

86.1 

73 

138.4 

131.5 

124.5 

110.6 

45 

112.1 

106.5 

100.9 

89.7 

74 

139.6 

132.6 

125.6 

111.7 

46 

.112.9 

107.3 

101.6 

90.4 

75 

141.0 

133.9 

126.9 

112.8 

47 

113.9 

108.2 

102.5 

91.1 

80 

146.6 

139.4 

132.0 

117.4 

48 

114.8 

109.1 

103.4 

91.9 

85 

152.3 

144.6 

137.1 

121.9 

49 

115.6 

109.9 

104.1 

92.4 

90 

157.9 

149.9 

142.1 

126.4 

50 

116,5 

110.6 

104.9 

93.2 

100 

169.6 

161.1 

152.6 

135.7 

51 

117.5 

111.6 

105.8 

94.0 

110 

181.6 

172.5 

163.5 

145.4 

52 

118.4 

112.5 

106.5 

94.7 

120 

194.8 

185.0 

175.4 

155.9 

53 

119.4 

113.4 

107.4 

95.5 

130 

210.1 

199.6 

189.1 

168.1 

54 

120.2 

114.2 

108.2 

96.2 

140 

223.2 

212.1 

201.0 

178.5 

55 

121.1 

115.1 

109.0 

96.9 

150 

237.1 

225.2 

213.5 

189.7 

56 

122.1 

116.0 

109.9 

97.7 

160 

251.1 

238.8 

226.0 

201.0 

57 

123.1 

117.0 

110.9 

98.5 

170 

270.5 

257.0 

243.5 

216.4 

58 

124,0 

117.8 

111.6 

99.2 

180 

288.0 

273.8 

259.1 

230.4 

59 

124.9 

118.6 

112.4 

99.9 

190 

306.5 

291.0 

275.8 

245.1 

60 

125.8 

119.5 

113.4 

100.7 

200 

325.2 

309.0 

292.8 

260.3 

61 

126.6 

120.3 

114.0 

101.4 

210 

348.0 

330.6 

313.1 

278.4 

62 

127.7 

121.4 

114.9 

102.2 

220 

371.5 

353.0 

334.4 

297.1 

63 

128.6 

122.2 

115.8 

102.9 

250 

437.8 

415.9 

394.0 

350.2 

64 

129.6 

123.1 

116.7 

103.7 

300 

575.0 

546.1 

517.5 

460.0 

65 

130,5 

124.0 

117.5 

104.4 

350 

740.0 

703.0 

666.0 

592.0 

66 

131.6 

125,0 

118.4 

105.4 

400 

942.1 

895.0 

847.5 

753.5 

67 

132.5 

125.9 

119.3 

106.0 

450 

1176.0 

1117.0 

1059.0 

941.0 

68 

133.5 

126.8 

120.1 

106.8 

500 

1464.0 

1390.0 

1318.0 

1171.0 

69 

134.5 

127.8 

121.1 

107.6 

550 

1791,0 

1701.0 

1613.0 

1434,0 

70 

135.5 

128.8 

121.9 

108:4 

600 

2405.0 

2284.0 

2165.0 

1925  ,'Q 

aThese  factors  are  calculated  from  the  formula 


Q-1723  xr* 

100,000,000 


where 

Q  •»  total  black  body  radiation,  Btu  per  square  foot  per  hour. 
«  »»  emissivity. 
T  «-  absolute  temperature,  degrees  Fahrenheit* 

Such  a  determination  of  the  amount  of  radiant  heating  surface  needed 
in  a  room  (to  maintain  a  desired  MRT),  requires  knowledge  of  the  type 
of  heating,  and  the  surface  temperatures  of  the  unheated  surfaces,  which 
latter  can'  only  be  estimated — but  with  a  considerable  degree  of  accuracy 
after  some  experience. 
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Detailed  Computation  Method 

The  area  in  square  feet  of  each  type  or  temperature  of  surface,  hori- 
zontal or  vertical,  is  multiplied  by  the  emission  value  corresponding  to 
its  actual  surface  temperature.  These  products  are  added  together  to 
give  the  total  radiant  heat  effect,  inside  the  room  from  all  surfaces. 

The  difference  between  the  actual  average  radiant  heat  effect  and  142 
Btu  per  hour  per  square  foot  (the  radiation  from  a  surface  at  83  F,  with 
an  emissivity  of  0.95)  is  the  Btu  per  hour  per  square  foot  which  would 
be  lost  by  radiation  from  a  body  at  83  F.  If  the  rate,  at  which  it  is  desired 
that  heat  be  lost  from  the  body  by  radiation,  be  assumed,  the  mean 
radiant  emission  from  the  walls  required  to  give  this  desired  rate  can  be 
determined  from  Table  1 ;  and  multiplying  by  the  total  surrounding  area 
will  give  the  desired  total  radiant  heat  effect. 

The  difference  between  the  desired  and  the  actual  total  radiant  emission 
represents  the  additional  heating  effect  which  must  be  supplied  by  the 
hot  surfaces  to  be  installed.  The  temperature  of  the  proposed  hot 
surface  must  then  be  selected,  and  its  emission  per  square  foot  at  that 
temperature  determined  from  Table  1.  The  difference  between  this 
emission,  and  that  of  the  unheated  surface,  is  divided  into  the  total 
amount  of  additional  heat  needed,  and  the  quotient  will  be  the  area  of 
the  required  heating  surfaces. 

It  is  evident  that  this  method  of  calculation  depends  for  its  accuracy 
on  a  correct  estimate  of  the  ultimate  surface  temperatures  naturally 
attained  by  the  actual  wall,  window,  ceiling  and  floor  surfaces. 

Unless  positive  ventilation  with  tempered  air  is  provided,  the  amount 
of  heat  given  off  by  convection  from  the  same  heating  surfaces  should 
also  be  determined,  checked  against  the  tempering  requirements  of 
whatever  outside  air  can  in  any  way  enter  the  room,  and  supplemented 
if  necessary,  by  additional  convection  heating,  to  maintain  the  desired 
air  temperature.  As  this  air  temperature  will  usually  be  from  6  to  8  F 
lower  (for  comfort)  than  with  purely  convective  heating,  the  relative 
humidity  will  be  appreciably  higher  at  a  given  dew-point,  and  there  will 
be  a  marked  saving  in  fuel  for  tempering,  humidification  and  conductive 
heat  loss  from  the  building. 

Example  1.  The  surface  areas,  temperatures,  and  emissions  for  a  room  having  a 
volume  of  5760  cu  ft  are  given  in  Table  2.  The  figures  for  temperatures  are  fairly 


TABLE  2.   SURFACE  AREAS,  TEMPERATURES  AND  EMISSIONS  FOR  A  ROOM  OP  5760  Cu  FT 


ABBA. 
SqFT 

ASSUMED  SURFACE 
TEMPERATURE 
(Duo  FAHB) 

HEAT  EMISSION 
(Brti  PBR  SQ  Fx 
KDR  HOUR) 

TOTAL  HEAT  EMISSION 
FROM  AREA 
(Bxu  PER  HOUR) 

External  Wall  

297 

50 

110,6 

32,850 

Glass 

279 

45 

106  5 

29  710 

Inner  Wall  

Ceiling 

480 
480 

55 
55 

115.1 
115.1 

55,250 
55,250 

Floor  

480 

55 

115.1 

55,250 

Total.-  

2016 

228,310 
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representative  of  American  practice  with  well-built  walls,  and  the  heat  emission  is  based 
on  an  emissivity  of  0.95  which  approximates  that  of  most  paints  and  building  materials. 

The  mean  radiant  emission  of  the  room  is  228,310  •*•  2016  =  113.2  Btu  per  square 
foot  per  hour  which,  as  seen  from  Table  1  corresponds  to  an  MRT  of  53  F  for  an  average 
emissivity  of  0.95. 

For  an  average  individual,  having  a  surface  area  of  15.5  sq  ft  with  an  average  surface 
temperature  of  83  F,  the  heat  given  off  by  radiation  (calculated  by  means  of  Equation  1) 
is  217  Btu  per  hour,  or  14  Btu  per  square  foot  per  hour.  This  corresponds  to  an  environ- 
mental emission  of  142  (the  total  radiation  corrected  to  83  deg)  -14  =  128  Btu  per 
square  foot  per  hour,  and  (according  to  Table  1)  to  an  MRT  of  69.2  F,  both  of  which 
are  higher  than  the  actual  values  available  in  the  room. 

In  order  to  determine  the  amount  of  radiating  surface  necessary  to  maintain  the  MRT 
at  69.2  F,  ceiling  panels  are  assumed  with  a  surface  temperature  of  160  F,  which  is 
approximately  the  mean  temperature  for  metal  plates  heated  by  hot  water. 

The  2016  sq  ft  total  area  of  the  surfaces  of  the  room,  multiplied  by  128  (the  emission 
in  Btu  per  square  feet  per  hour,  necessary  to  balance  a  body  surface  temperature^  of 
83  F)  gives  a  total  desired  emission  of  258,048  Btu  per  hour.  Enough  radiant  heating 
surface  must  be  installed  to  increase  the  total  radiant  heat  emission  from  228,310  Btu 
per  hour  to  258,048  Btu  per  hour.  The  difference  between  these  figures  is  29,738  Btu 
per  hour.  From  Table  1,  the  emission  per  square  foot  at  160  F  is  238.8  Btu  per  square 
foot,  or  123.7  Btu  per  square  foot  more  than  for  the  unheated  ceiling  surface  (at  55  F). 
The  required  radiant  heating  surface  is,  therefore,  29,738  -5-  123.7  =  240.4  sq  ft.  This 
surface,  suitably  placed,  would  raise  the  MRT  to  the  degree  required  for  comfort,  and 
maintain  it  at  that  value. 

Such  calculations  may  be  simplified,  by  preparing  tables  showing  at 
the  usual  temperatures  the  area  of  hot  surface  required  to  bring  each 
square  foot  of  actual  wall  or  other  surface  up  to  one  or  more  desired 
standard  MRT's. 

MEASUREMENT  OF  RADIANT  HEATING 

Convection  heating,  intended  to  maintain  a  given  air  temperature,  is 
best  measured  by  thermometric  methods,  which  indicate  the  air  tem- 
perature, and  not  the  rate  of  heat  loss  from  the  human  body.  Radiant 
heating,  on  the  other  hand,  aims  to  control  this  rate  of  heat  loss  and  can 
be  measured  only  by  calorimetric  methods,  that  is,  by  determining 
directly  the  rate  of  heat  loss  from  some  object,  maintained  at  the  surface 
temperature  of  the  body,  irrespective  of  air  temperature.  Although  a 
definite  BET  is  needed,  the  MRT  and  the  air  temperatures  may  both 
vary  in  opposite  directions  provided  the  sensible  heat  loss  by  radiation 
and  convection  from  a  surface  at  83  F  is  maintained  constant  within 
reasonable  limits. 

The  apparatus  for  this  purpose  consists  essentially  of  a  hollow  sphere 
•or  cylinder,  maintained  at  the  accepted  mean  surface  temperature  of  the 
human  body,  together  with  an  accurate  means  (usually  electrical)  of 
measuring  the  varying  rate  of  heat  supply  required  to  maintain  this  exact 
temperature.  This  instrument;  the  eupatheoscope,  is  readily  adapted  to 
function  like  a  thermostat  so  as  to  turn  heat  on  or  off,  when  the  desired 
temperature  of  83  F,  or  any  other  predetermined  surface  temperature 
of  the  vessel,  decreases  or  increases  as  a  result  of  changes  in  the  BET. 

Another  instrument,  at  present  available  only  for  British  practice  as 
it  is  designed  for  a  surface  temperature  of  75  F,  consists  of  a  blackened 
•copper  sphere  of  6  in.  diameter,  in  which  a  cylindrical  sump  contains 
a  volatile  liquid.  A  small  electric  heating  coil  creates  in  the  sphere  a 
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vapor  pressure  which  is  constant,  as  long  as  the  total  heat  loss  from  the 
sphere  is  of  the  desired  rate.  If  the  BET  becomes  too  high  for  comfort, 
a  greater  vapor  pressure  results  from  the  smaller  heat  loss  from  the  sphere, 
acts  on  a  diaphragm,  and  turns  down  the  supply  of  heat  to  the  room. 
With  falling  BET,  the  reverse  action  occurs. 

For  testing  work,  the  globe  thermometer  is  a  very  useful  instrument.  It 
consists  of  an  ordinary  mercury  thermometer,  with  its  bulb  placed  in  the 
center  of  a  sphere  from  6  to  9  in.  in  diameter,  usually  made  of  thin 
copper  and  painted  black.  The  temperature  thus  recorded  is  termed  the 
radiation-convection  temperature. 
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Chapter  45 

WATER  SUPPLY  PIPING  AND  WATER  HEATING 

Maximum  Probable  Flow,  Factor  of  Usage,  Kind  of  Pipe  Used, 

Sizing  of  Risers,  Sizing  of  Mains,   Sizing  of  Systems,   Hot 

Water  Supply,  Water  Heating,  Hot  Water  Storage 

DOMESTIC  water  supply  systems  present  the  engineer  with  a  design 
problem  that  requires  combining  the  somewhat  empirical  rules  and 
formulae  in  use  with  the  more  or  less  exact  hydraulic  principles  involved. 
Unlike  heating  and  ventilating  layouts,  there  are  practically  no  definite 
data  for  estimating  the  quantity  of  water  likely  to  be  consumed  or  the 
probable  rate  of  water  flow  at  any  particular  moment. 

Metered  results  in  one  building  often  show  two  or  three  times  the 
metered  amount  in  another  building  of  the  same  size  and  with  the  same 
types  of  tenants.  In  hotels,  one  riser  will  often  have  an  almost  constant 
flow  that  may  never  be  reached  by  another  at  peak  load.  In  office 
buildings,  the  women's  toilets  show  a  far  greater  daily  consumption  than 
those  of  the  men,  yet  at  no  time  will  they  approach  the  hourly  consump- 
tion of  the  men's  toilet  during  the  first  hour  of  the  day.  This  condition 
has  led  to  a  multiplicity  of  rules  of  practice  which  vary  as  much  as  the 
data  used.  All  must  of  necessity  be  based  on  an  assumed  rate  of  con- 
sumption and  on  an  assumed  probability  of  simultaneous  use,  and  while 
the  formulae  employed  may  have  been  derived  on  sound  technical  basis 
the  assumptions  are  often  in  error. 

To  arrive  at  a  safe  standard,  the  approximate  rate  of  flow  of  each 
fixture  to  be  supplied  must  be  known  and  the  probable  number  of  fixtures 
in  use  at  any  one  time  must  be  assumed.  Obviously,  the  maximum 
number  of  fixtures  assumed  to  be  in  use  must  be  taken  at  the  peak  of 
demand  and  the  lines  must  be  made  adequate  to  supply  such  a  peak 
regardless  of  the  riser  or  branch  on  which  the  demand  may  occur.  This 
means  that  all  water  piping  under  the  usual  conditions  will  be  over-sized. 

In  tall  buildings  it  is  customary  to  divide  the  water  supply  systems, 
both  hot  and  cold,  into  sections  of  10  to  20  stories.  Such  zoning1  or 


JIt  is  impractical  to  attempt  to  size  piping  so  as  to  produce  the  proper  pressure  on  fixtures  at  different 
levels  by  employing  friction,  owing  to  the  fact  that  this  friction  will  be  built  up  to  the  amount  desired  only 
in  times  of  maximum  demand  and  at  all  other  times  the  friction  will  be  only  a  fraction  of  the  maximum 
friction  so  that  the  fixtures  by  this  method  are  subjected  to  a  varying  pressure  on  the  water  supply  line.  A 
much  more  practical  method  is  to  throttle  the  flow  at  the  fixture,  or  to  use  flow  regulators,  so  that  the 
quantity  of  water  delivered  will  approximate  the  fixture  demands  and  so  that  this  is  accomplished  without 
splashing  or  noise. 
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To  obtain  the  maximum  probable  flow  it  is  necessary  to  multiply  the 
maximum  possible  flow  by  a  factor  of  usage,  and  this  factor  varies  with  the 
installation  and  the  number  of  fixtures  in  the  installation.  It  is  evident 
that  with  two  fixtures  it  is  quite  possible  that  both  will  at  some  time  be  in 
operation  simultaneously.  With  200  fixtures,  it  is  unlikely  the  entire 
200  would  ever  operate  at  the  same  time.  Consequently,  the  factor  of 
usage  reduces  as  the  number  of  fixtures  becomes  greater,  all  other  things 
being  equal. 

TABLE  1.    APPROXIMATE  FLOW  FROM  FIXTURES  UNDER  NORMAL  WATER  PRESSURES 


FIXTURES 

COLD  WATER 
(GALLONS  PBB 

MINUTE) 

HOT  WATER 
(GALLONS  PER 

MINUTE) 

Water-closets,  flush  valve  

45* 
10 
3O 
10 
1 
10 
3 
3 
6 
30 
1 
2 

iy* 

5 
4 
2 
6 
6 
3 
6 
10 

0 
0 
0 
0 
0 
0 
3 
3 
6 
30 
1 
2 

1H 
5 
4 
2 
6 
6 
3 
6 
0 

Water-closets,  flush  tank  

Urinals,  flush  valve  

Urinals,  flush  tank  

Urinals,  automatic  tank  

Urinals,  perforated  pipe  per  foot 

Lavatories   

Showers,  4  in.  heads,  H  in.  inlets  

Showers,  6  in.  heads  or  larger  

Needle  bath  ' 

Shampoo  spray  

Liver  spray  

Manicure  table  .. 

Baths,  tub  

Kitchen  sink  
Pantry  sink,  ordinary  

Pantry  sink,  large  bibb 

Slop  sinks  
Wash  trays  
Laundry  tray  *  
Garden  hose  bibb...  „  

aActual  testa  on  water-closet  flush  valves  indicate  40  gpm  as  the  maximum  rate  of  flow  with  30  Ib  pres- 
sure at  the  valve;  this  would  increase  to  60  gpm  (about  50  per  cent)  at  90  Ib  pressure.  .  The  45  gpm  has  been 
taken  as  an  average  flow;  possibly,  with  very  low  pressures  just  sufficient  to  operate  the  flush  valve,  30  gpm 
•could  be  allowed  with  safety.    Urinal  flush  valves  would  vary  proportionately  in  the  same  manner. 

In  practice  all  the  elements  will  vary  according  to  conditions;  in  the  case 
of  flush  valve  closets  the  duration  of  flush  with  the  kind  and  condition  of 
supply  apparatus,  the  interval  between  flushes  with  the  number  of  people 
using  the  system  and  their  habits;  and  the  length  of  the  rush  period  with 
the  type  of  installation  and  its  location.  The  effect  of  each  of  these  time 
elements  on  the  results  should  be  considered  in  connection  with  any  data 
on  which  it  is  based  before  passing  judgment  on  the  selection  of  the 
factor  of  usage.  The  longer  the  duration  of  the  flush  the  greater  is  the 
probability  of  overlapping  flow.  In  selecting  the  factor  of  usage  shown  in 
Fig.  1  for  systems  having  flush  valves,  10  seconds  was  chosen  as  the 
maximum  duration  of  flush,  a  value  that  represents  an  approximate 
average  as  water-closets  are  installed. 

While  the  curve  has  been  calculated  for  systems  composed  of  water 
closets  alone,  it  is  possible  to  calculate  probabilities  for  mixed  systems  of 
water  closets  and  other  smaller  fixtures.  It  has  been  found  however  that 
for  two  systems  both  having  the  same  maximum  possible  flow,  one  com- 
posed entirely  of  water-closets  and  the  other  a  mixed  system  of  water 
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closets  and  smaller  fixtures,  the  probability  of  a  given  rate  of  flow  is 
greater  for  the  system  composed  of  water-closets  than  for  the  mixed 
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system.   The  use  of  this  chart  then  would  produce  results  which  would  be 
on  the  safe  side  for  mixed  systems, 

For  systems  composed  entirely  of  fixtures  other  than  flush  valve 
fixtures  the  curve  has  been  extended  for  smaller  maximum  possible  flow 
values. 
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This  chart  applies  to  a  normal  building  and  not  to  installations  where 
the  inmates  may  all  be  required,  for  instance,  to  bathe  on  certain  days  of 
the  week  and  at  certain  hours  of  those  days;  or  in  schools  for  example 
where  all  the  showers  in  the  gymnasium  may  be  used  simultaneously 
after  instruction  periods.  In  such  special  cases  a  new  factor  of  usage  must 
be  developed  based  on  the  maximum  probable  usage  under  the  conditions 
involved. 

Example  1.  Assume  that  in  a  normal  building,  such  as  a  residential  hotel  or  an  apart- 
ment house,  there  are  50  flush  valve  water-closets,  50  lavatories,  50  sinks  and  50  baths, 
and  that  it  is  desired  to  determine  the  maximum  probable  flow  in  a  line  supplying  all  of 
these  fixtures  with  both  hot  and  cold  water. 


Cold  Water 

50  W,  C.  x  45  gpm 2250  gpm 

50  Lavs,  x  3  gpm 150  gpm 

50  Sinks  x  4  gpm 200  gpm 

50  Baths  x  5  gpra 250  gpm 

Maximum  possible  flow — 2850  gpm 

Fig.  1  shows  a  factor  of 
usage  of  9  per  cent. 

Maximum    probable    flow    of 

cold  water  is  2850  X  0.09™ 257  gpm 


Hot  Water 

50  Lavs,  x  3  gpm... 
50  Sinks  x  4  gpm... 
50  Baths  x  5  gpm... 


150  gpm 

200  gpm 

250  gpm 


Maximum  possible  flow 600  gpm 

Fig.   1  shows  a  factor  of 

usage  of  23  per  cent. 
Maximum  probable  flow  of  hot 

water  is  600  X  0.23 138  gpm 

Total  for  main  supplying  cold 
and  hot  water  (2850  + 

600)  X  0.08 276  gpm 

It  should  be  noted  that  this  is  a  rate  of  flow  or 
an  instantaneous  demand. 


KIND  OF  PIPE  USED 

Before  entering  into  the  actual  sizing  of  pipe,  it  is  necessary  to  consider 
the  kind  of  pipe  to  be  used,  and  to  make  suitable  allowance  for  corrosion 
and  fouling  during  the  lifetime  of  the  system.  For  example,  if  brass, 
copper  or  alloy  pipe  is  contemplated,  it  is  probable  that  the  quantities 
indicated  in  Example  1  are  ample;  if  galvanized  pipe  is  to  be  used,  then  it 
is  quite  likely  that  after  a  period  of  say  15  years  the  area  may  be  decreased 
as  much  as  25  per  cent  and  the  quantitities  of  water  assumed  should  be 
increased  by  35  per  cent  to  allow  for  this  reduction  of  area ;  if  the  water 
contains  lime  it  is  possible  that  50  per  cent  of  the  area  may  be  lost  and  in 
such  cases  the  flow  should  be  doubled  and  no  branch  pipe  connected  to 
fixtures  should  be  less  than  %  in.  In  all  of  the  following  calculations,  the 
assumption  is  made  that  the  water  is  fairly  good  and  that  a  corrosion 
resistant  type  of  pipe  is  to  be  used. 


SIZING  A  DOWN-FEED  RISER 

Down-feed  systems  are  commonly  used  for  tall  buildings.  In  sizing  a 
riser  arranged  for  down-feed,  the  gravity  head  permits  a  pressure  drop 
that  is  almost  prohibitive  in  an  up-feed  riser.  There  is  a  gain  in  riser  head 
of  0.43  X  100  or  43  Ib  per  100  ft  of  run  and  hence  it  is  quite  permissible 
to  size  such  a  riser  on  the  basis  of  a  pressure  drop  of  30  Ib  per  100  ft  of  run, 
as  the  difference  between  the  43  Ib  generated  and  the  30  Ib  drop  under 
maximum  probable  demand  is  ample  to  take  care  of  the  friction  caused  by 
the  fittings.  This  method  applied  to  the  typical  riser  shown  in  Fig.  2 
gives  the  schedule  of  sizes  indicated  in  Table  2  for  any  flow  from  5  to  250 
gal. 

773 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


SIZING  AN  UP-FEED  RISER 

When  the  riser  is  an  up-feed,  the  opposite  condition  occurs;  that  is, 
there  is  a  drop  in  pressure  as  the  top  of  the  riser  is  approached,  due  to  the 
natural  reduction  in  the  gravity  pressure,  and  to  this  must  be  added  the 
pipe  friction  plus  that  introduced  by  the  pipe  fittings,  all  of  which  produce 
an  excessive  drop  when  compared  to  the  conditions  existing  with  a  down- 
feed  riser. 

To  size  an  up-feed  riser  the  minimum  pressure  of  the  street  main,  or 
other  source  of  supply,  should  be  ascertained  and  from  this  should  be 
subtracted  the  pressure  to  be  maintained  at  the  highest  fixture,  namely, 
15  Ib  per  square  inch,  plus  the  height  in  feet  above  the  source  of  water 
pressure,  multiplied  by  0.43  to  change  from  feet  of  head  to  pounds  of 
pressure.  The  total  length  of  run  from  the  source  of  pressure  to  the 
farthest  and  highest  fixture  should  be  ascertained,  and  this  should  be 
changed  to  equivalent  length  of  run  to  allow  for  the  loss  occasioned  by 

TABLE  3.    APPROXIMATE  ALLOWANCES  FOR  FITTINGS  AND  VALVES 
IN  FEET  OF  STRAIGHT  PIPE 


TTPH  OF  FITTING  OB  VALVB 

SIZE  OF  PIPE 

(INCHES) 

90-Deg 
Elbow 

45-Deg 
Elbow 

Return 
Bend 

Gate 
Valve 

Globe 
Valve 

Angle 
Valve 

1A 

4 

3 

8 

2 

48 

8 

H 

5 

3 

10 

3 

60 

10 

l 

5 

3 

10 

3 

60 

10 

ij^ 

6 

4 

12 

3 

72 

12 

1J^ 

7 

5 

14 

4 

84 

14 

2 

7 

5 

14 

4 

84 

14 

2H 

10 

7 

20 

5 

120 

20 

3 

12 

8 

24 

6 

144 

24 

4 

18 

13 

36 

9 

216 

36 

3 

25 

18 

50 

13 

300 

50 

6 

30 

21 

60 

15 

360 

60 

the  pipe  fittings.  Table  3  gives  the  additional  lengths  necessary  to  allow 
for  the  various  fittings  and  valves.  The  drop  allowable  in  pressure  per 
100  ft  of  run  may  then  be  obtained  by  multiplying  the  surplus  pressure 
(over  that  required  for  the  gravity  head  and  to  supply  15  Ib  at  the  fixture) 
by  100  and  by  dividing  this  by  the  equivalent  length  of  run  to  the  farthest 
or  highest  fixture. 

Where  street  water  pressures  are  available  the  pressure  drop  through 
the  meter  and  service  pipe  must  be  taken  into  consideration.  Table  4 
shows  the  pressure  loss  through  meters.  It  also  gives  the  minimum  sizes 
of  recommended  service  and  maximum  meter  deliveries. 

Example  8.  Assume  a  street  pressure  of  60  Ib,  the  height  of  the  highest  fixture  50  ft, 
and  the  length  of  the  longest  run  200  ft.  Without  knowing  the  additional  length  of  pipe 
to  be  added  for  the  fittings  it  will  be  assumed  that  this  Is  about  100  ft.  The  surplus 
pressure  which  will  be  available  for  pressure  drop  will  then  be  60  Ib  —  (15  Ib  4-  50  ft  X 
0.43  Ib)  -  60  Ib  -  (15  Ib  +  21.5  Ib)  -  23.5  Ib. 


To  change  this  into  drop  per  100  ft: 


7'S  lb  per  10°  ft' 


The  pip^e  may  then  be  sized  from  the  maximum  probable  flow  by  selecting  a  size  that 
does  not  give  a  drop  in  excess  of  7.8  lb  per  100  ft. 
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It  will  be  seen  from  Example  2  that  it  is  impossible  to  size  up-feed 
risers  without  determining  the  drop  allowable  in  both  the  horizontal  feed 
mains  and  the  toilet  room  branches.  Having  once  ascertained  this  allow- 
able drop,  it  is  simply  a  matter  of  applying  it  throughout  the  system. 

TABLE  4.    PRESSURE  Loss  THROUGH  WATER  Disc  METERS* 

A.  W.  W.  A.  Standards 


RATE  OF 
FLOW 
GPM 

APPEOX.  PRESSURE  LOBS  THROUGH  MITERS, 
LB  PER  SQ  IN 
PIPE  SIZE  (!N.) 

H 

K 

i 

1M 

2 

3 

4 

6 

5 
10 
15 
20 

1.5 
6.0 
14.0 
25.0 

0.5 
2.0 
5.0 
9.0 

0.2 
1.0 
2.0 
3.5 

0.2 
0.6 
1.0 

0.2 
0.4 

25 
30 
35 
40 

13.5 
19.5 

5.5 
8.0 
11.0 
14.0 

1.5 
2.0 
3.0 
4.0 

0.6 
0.9 
1.0 
1.5 

45 
50 
75 
100 

18.0 
22.0 

5.0 
6.0 
14.0 
25.0 

2.0 
2.5 
5.5 
10.0 

0.7 

1.5 
2.8 

1.0 

125 
150 
175 
200 

15.0 
22.0 

4.0 
6.0 
8.0 
10.4 

1.5 
2.2 
3.0 
4.0 

1.0 

250 
300 
350 
400 

16.0 
23.0 

1.5 
2.2 
3.0 
4.0 

500 
600 
800 
1000 

6.5 
9.0 
16.0 
25.0 

MINIMUM  SIZE  or  SERVICE  RECOMMENDED                            SAFE  MAXIMUM  DELIVERY  or  METERS 

RATE  OF 
FLOW 
GPM 

APPROX.  MINIMUM  PIPE  SIZE  OF  SERVICE, 
MAIN  TO  METER  (!N.)                      METER                          CAPACITT,  GPM 
MAXIMUM  LENGTH  (Fr)                       SIZE                       BASED  ON  25  LB  Losa 
IN.                           THROUGH  METER 

30 

75 

100 

150          200 

1-20 
20-30 

K 

1 

1 

1          1            H                                20 
H                               34 
1^2      1H       1                                   53 

30-50 
50-100 
100-150 

* 

2 

2 
2 

liHz      ITS       2                                 160 
2          2          3                                  315 
6                                 500 
2)4      %      8                                1000 

^Pressure  loss  through  compound  and  current  meters  is  less  than  shown  in  table.    For  exact  Information 
consult  manufacturers. 

775 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 

HORIZONTAL  SUPPLY  MAINS 

The  horizontal  mains  supplying  the  risers  at  the  top  of  a  down-feed 
system  must  be  liberally  sized  unless  the  house  tank  is  set  at  a  much 
higher  elevation  than  usual.  To  provide  a  gravity  head  on  the  highest 
fixtures  of  15  Ib  per  square  inch  it  is  necessary  for  the  water  line  in  the 
house  tank  to  be  nearly  40  ft  higher,  and  with  the  line  loss  considered  this 
becomes  about  45  ft.  Such  heights  are  not  often  practical  and  as  a  result 
the  pressure  on  the  highest  fixtures  either  is  reduced  to  7  Ib  (which  is 
sufficient  to  operate  a  flush  valve),  or  flush  tank  water-closets  are  sub- 
stituted, or  a  separate  cold  and  hot  water  supply  is  installed  with  a  small 
pneumatic  tank  to  give  the  increase  in  pressure  necessary.  The  chief 
objection  to  the  use  of  a  pneumatic  tank  is  that  a  separate  hot  water 
heater  is  required  and  this  heater  must  be  located  either  sufficiently 
below  the  highest  fixtures  to  obtain  a  gravity  circulation,  or  it  must  be 
provided  with  a  circulating  pump  in  order  to  force  the  hot  water  to  the 
top  floor  level. 

The  most  common  solution  is  to  place  the  house  tank  as  high  as  the 
structural  and  architectural  conditions  will  permit  and  then  to  use 
liberally-sized  lines  between  the  house  tank  and  the  upper  fixtures,  say  for 
the  two  top  stories,  below  which  the  riser  sizes  may  be  reduced  to  those 
indicated  in  Fig.  2  and  Table  2.  Where  the  house  tank  is  only  one  story 
above  the  top  fixtures,  flush  tank  water-closets  must  be  used  and  the 
drop  in  the  entire  run  from  the  house  tank  down  to  the  farthest  fixture 
should  not  exceed  1  Ib;  the  less,  the  better.  This  means  that  if  the  total 
equivalent  run  to  the  farthest  top  fixtures  supplied  is  300  ft,  the  drop  per 

100  ft  should  not  exceed  1  lb  *   —  ?  or  0.33  Ib  per  100  ft.     The  friction 

ouu 

curves  shown  in  Fig.  3  may  be  used  for  quickly  determining  the  proper 
size  of  pipe  to  give  any  desired  drop  in  pounds  per  100  ft  of  equivalent  run. 

OVERHEAD  DISTRIBUTION  MAIN 

Example  3.  Suppose  an  installation  has  a  house  tank  in  which  the  water  line  is  20  ft 
above  the  level  of  the  top  fixtures  to  be  supplied  and  that  the  length  of  run  to  the 
farthest  fixtures  on  this  level  is  400  ft  with  the  pipe  fittings  adding  another  200  ft, 
making  an  equivalent  length  of  600  ft.  What  would  be  the  size  of  main  coming  out 
of  the  tank  where  a  maximum  flow  rate  of  400  gpm  may  be  expected,  of  the  horizontal 
main  where  a  maximum  flow  rate  of  200  gpm  may  be  expected,  and  of  the  riser  down  to 
the  fixture  level  where  the  maximum  flow  rate  is  approximately  100  gpm? 

Here  the  level  of  the  water  in  the  house  tank  is  20  ft  above  the  faucet  of  the  highest 
fixture  and  the  gravity  pressure  will  be  0.43  Ib  X  20  ft  ~  8.6  Ib  and,  if  a  total  pressure 
drop  of  1  Ib  is  assumed,  the  pressure  on  the  farthest  fixture  under  times  of  peak  load 
will  be  8.6  Ib  -  1  Ib  =  7.6  Ib  while  the  drop  per  100  ft  of  equivalent  run  will  have  to  be 


Refe 

8-in. 

would  _______  or  _______________________  _________ 

5-in.  size  would  be  correct.  Of  course  these  are  somewhat  excessive  flows  and  the  head 
from  the  tank  is  small  so  that  large  sizes  are  to  be  expected.  It  would  be  necessary  to 
carry  a  5-in.  riser  down  to  the  branch  to  the  top  floor,  then  reduce  to  4  in.  for  the 
branch  to  the  floor  below  the  top,  and  below  this  the  sizes  in  Table  2  could  be  followed. 
In  such  a  case,  flush  tank  closets  should  doubtless  be  substituted. 
"  Had  the  tank  been  set  10  ft  higher,  the  head  available  to  be  used  up  in  friction,  but 
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0.4   0.6    1      2      4    6    10      20      40   60 

PRESSURE  DROP  PER  100  FT  STRAIGHT  PIPE  IN  POUNDS  PER  SQUARE  INCH 
FIG.  3.    CHART  GIVING  PRESSURE  DROP  FOR  VARIOUS  RATES  OF  FLOW  OF  WATER 


still  giving  the  same  pressure  at  the  top  fixtures,  would  have  been  0.43  Ib  X  10  ft  or  4.3  Ib 
greater  and  this,  with  the  1  Ib  drop  used  previously,  would  give  a  total  allowable  drop  of 
1  Ib  +  4.3  Ib  —  5.3  Ib  which,  divided  by  the  600  ft  equivalent  run  gives  a  drop  per  100  ft 

of  MX,"?..  0.9  ib 


600 
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•  3L_ 

House  Supply 

FIG.  4.    TYPICAL 

LAYOUT  FOR                      House  Tank  -1""' 

* 

Fire  Reserve 

DOWN-FEED 

SYSTEM 

_i 

C 

"™!Z3 

0 

PO 

5" 

197             4"                ' 

255           5" 

282 

197 
8th.         : 

4" 

;»-*• 

4W.C.-F.V. 
2U.-F.V. 
3  Lav. 

215 

4" 

*-»- 

6  W.  C.-F.V.                      122 
4  Lav. 

ft 

IS.  S. 

166 

2' 

4W.C.-F.V. 
2U.-F.V. 
3  Lav. 

211 

ai" 

6W.C.-F.V.                      121 
4  Lav. 

2 

IS.  S, 

7th. 

—  *- 

>     JK 

145 

'211 

4W.C.-F.V. 
2U.-F.V. 
3  Lav. 

196 

2f      6W.C.-F.V.                       120 
4  Lav. 

+-*-                                               '. 

2" 

1S.S. 

6th. 

117 

2" 

4W.C.-F.V. 
2U.-F.V. 
3  Lav. 

180 

2" 

6W.C.-F.V.                      120 
4  Lav. 

2" 

1S.S. 

5th. 

4W.C.-F.V. 

3  W.  C.-F.V 

25 

1" 

10  Lav. 

160 

2" 

2U.-F.V.                          "9 

2" 

ILav. 

3  Lav. 

1S.S. 

4th. 

u-> 

.'  > 

11 

f 

1S.S. 

130 

2" 

4W.C.-F.V. 
2U.-F.V.                           90 

2" 

2  Lav. 

3  Lav, 

3rd. 

1—  > 

t—  >• 

8 

1" 

1S.S. 

98 

.„'   2W.C.-F.V. 
ij      1U.-F.V,                            89 
1  Lav.    ' 

&-*• 

if 

3  W.  C.-F.V 
1  Lav. 

2nd. 

1—  >• 

4 

4 

.1  S.  S. 

45 

if 

*—  ?• 

1W.C.-F.V.                        4 

¥ 

1S.S. 

(2) 


(3) 


and,  with  this  drop,  the  sizes  according  to  the  chart  (Fig.  3)  are  6  in.,  5  in.,  and  4  in., 
respectively,  while  if  the  run  is  reduced  to  200  ft  instead  of  600  ft,  the  allowable  drop  will 

be  0.'.?Jk  *  10    =  2,7  Ib  per  100  ft.    This  gives  6  in,,  4  in.,  and  3  in.,  respectively,  for 
the  flows  of  400,  200,  and  100  gpm. 

From  Example  3  it  is  evident  that,  while  the  down-feed  system  possesses 
certain  economies  in  size  for  the  riser  portion,  it  is  quite  likely  to  involve 
large  distribution  main  sizes,  especially  when  the  tank  is  not  elevated  to  a 
considerable  degree. 


SIZING  A  PIPING  SYSTEM 

Example  4>  Fig.  4  shows  a  typical  layout  with  three  risers  extending  eight  stories  and 
with  the  fixtures  noted  on  each  floor.  First  this  will  be  solved  for  a  down-feed  arrange- 
ment assuming  that  the  level  of  the  water  in  the  house  tank  is  30  ft  above  the  fixtures  on 
the  top  floor,  that  the  length  of  run  from  the  tank  to  the  farthest  fixture  is  200  ft,  equiva- 
lent length  of  fittings  100  ft,  and  the  pressure  required  at  the  fixture  is  7  Ib. 
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TABLE  5.    TYPICAL  CALCULATION  OF  PIPE  SIZES  ON  DOWN-FEED  RISER  WITH 
FLUSH  VALVE  WATER-CLOSETS  AND  URINALS 

(Riser  No.  L     Fig.  4) 


FLOOR 

OF 

BLDG. 

FIXTURES 

ON 

FLOOR 

GPM 

PER 

FIXTURE 

MAXIMUM 
GPM 

ON 

FLOOR 

MAXIMUM 
GPM 

ON 

RISER 

PROBABLE 
USE 
(PER  CENT) 

PROBABLE 
DEMAND 
RISER 
GPM 

ALLOWABLE 
DROP 
LB  PER 
100  FT 

PIPE 
SIZE 
IN. 

1st 

IS.  S. 

4 

4 

4 

100 

4 

30 

H 

2nd 

IS.  S. 

4 

4 

8 

100 

8 

30 

H 

3rd 

IS.  S, 

4 

4 

12 

92 

11 

30 

H 

4th 

10  Lav. 

3 

30 

42 

58 

25 

30 

l 

5th 

4W.  C, 
2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

291 

40 

117 

30 

2 

6th 

4W.  C. 
2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

540 

27 

145 

30 

2 

7th 

4  W.  C. 
2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

789 

21 

166 

30 

2 

8th 

4W.  C. 

2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

1038 

19 

197 

2 

4 

The  30-ft  head  is  equal  to  a  static  pressure  of  0.43  X  30  or  12.9  Ib  per  square  inch  and 
to  maintain  a  pressure  of  7  Ib  at  the  highest  fixtures  the  drop  allowable  in  pressure  is 
12.9  —  7.0  Ib  or  5.9  Ib.  As  the  total  equivalent  run  is  300  ft,  this  is  a  drop  per  100  ft  of 
1.97  Ib,  or  practically  2  Ib.  Therefore,  all  risers  and  mains  from  the  top  floor  back  to  the 
tank  must  be  sized  on  the  basis  of  a  drop  of  2  Ib  per  100  ft.  Tables  5,  6, 7  and  8  show  the 
schedule  for  Risers  Nos.  1,  2  and  3  with  the  maximum  possible  flow  taken  from  Table  1, 
the  percentage  of  use  at  the  peak  taken  from  Fig.  1,  and  the  maximum  probable  flow  at 
the  peak  worked  out  for  each  portion  of  the  riser,  the  riser  sizes  being  taken  from  Table  2 
as  far  as  possible  and  from  Fig.  3  where  the  amounts  exceed  the  values  given  in  this 
table;  a  drop  of  30  Ib  per  100  ft  is  used  except  on  the  riser  from  the  top  floor  back  to  the 
tank  where  2  Ib  per  100  ft  is  the  allowable  limit. 

The  reduction  in  pipe  size  which  would  occur  if  flush  tank  water-closets  were  used  on 
the  top  floor  and  only  3  Ib  pressure  used  on  the  fixtures  is  given  in  Tables  9  and  10. 
This  illustrates  why  flush  tank  closets  so  frequently  are  substituted  on  the  uppermost 
floor  when  a  house  tank  is  the  source  of  water  pressure. 

If  it  is  now  assumed  that  Riser  No.  1  is  to  be  fed  from  the  bottom  and  the  minimum 
street  pressure  is  75  Ib  with  the  top  fixture  of  the  riser  80  ft  above  the  main,  the  problem 
would  be  solved  by  determining  the  maximum  rate  of  flow  in  each  portion  of  the  riser  as 
shown  in  Table  11  and  then  finding  the  allowable  drop  which  can  be  used  per  100  ft. 
The  80  ft  of  riser  height  will  use  up  0.43  Ib  X  80  =  34.4  Ib  and  the  pressure  at  the  top  of 
the  required  15  Ib  will  make  the  total  reduction  49.4  Ib,  leaving  a  balance  of  25.6  Ib 
which  may  be  used  up  in  friction.  If  the  distance  from  the  street  main  to  the  bottom  of 
.the  riser,  which  will  be  assumed  to  be  the  farthest  one  on  the  horizontal  line,  is  100  ft,  and 
if  the  fittings  are  sufficient  to  add  another  100  ft,  as  well  as  the  80  ft  of  vertical  distance  up 
the  riser,  the  total  equivalent  run  will  be  280  ft,  which  will  be  taken  as  an  even  300  ft] 
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TABLE  7.    TYPICAL  CALCULATION  OF  PIPE  SIZES  ON  DOWN-FEED  RISER  WITH 
FLUSH  VALVE  WATER-CLOSETS  AND  URINALS 

(Riser  No,  3.    Fig.  4} 


FLOOR 

OF 

BLDG. 

FIXTURES 

ON 

FLOOR 

GPM 

PER 

FIXTURE 

MAXIMUM 
GPM 

ON 

FLOOR 

MAXIMUM 
GPM 

ON 

RISER 

PROBABLE 
USE 
(PER  CENT) 

PROBABLE 
DEMAND 
RISER 

GPM 

ALLOWABLE 
DROP 
LB  PER 
100  FT 

PIPE 
SIZE 
IN, 

1st 

1  S.  S. 

4 

4 

4 

100 

4 

30 

X 

2nd 

3  W.  C. 

1  Lav. 

45 
3 

135 
3 

138 

142 

63 

89 

30 

1H 

3rd 

2  Lav. 

,  3 

6 

148 

61 

90 

30 

W 

4th 

3  W.  C. 

1  Lav. 
1  S.  S. 

45 
3 

4 

135 
3 

4 

~142 

290 

41 

119 

30 

2 

5th 

1  S.  S. 

4 

4 

294 

41 

120 

30 

2 

6th 

IS.  S. 

4 

4 

298 

40 

120 

30 

2 

7th 

1  S.  S. 

4 

4 

302 

40 

121 

30 

2 

8th 

1  S.  S. 

4 

4 

300 

40 

122 

2 

3 

required  that  a  gravity  circulation  be  kept  up  in  such  hot  water  lines  and 
this  often  has  a  considerable  influence  on  the  size.  There  are  three 
methods  of  arranging  circulation  lines,  as  follows: 

1.  By  using  the  plain  up-feed  with  a  return  carried  back  from  the  top  of  the  riser  and 
paralleling  it. 

2.  By  carrying  a  supply  riser  up  in  one  location  thus  supplying  fixtures  on  up-feed, 
then  crossing  over  at  the  top  and  coming  down  past  another  collection  of  fixtures  and 
supplying  these  by  a  down -feed. 

3.  By  carrying  all  of  the  water  to  the  top  of  the  building  and  dropping  risers  wherever 
needed,  feeding  all  hot  water  on  a  down-feed  system. 


TABLE  8.     SIZE  OF  DISTRIBUTION  MAIN  FOR  DOWN-FEED  SYSTEMS  (SEE  FIG.  4) 


RISER 

No. 

MAXIMUM' 
GPM 
RISER 

MAXIMUM 
GPM 

MAIN 

PROBABLE 

USE 

(PER  CENT) 

PROBABLE 
GPM 

ALLOWABLE 
DROP 
LB  PER  100  FT 

SIZE  OF 
MAIN 

IN. 

1 
2 
3 

1038 
1794 
306 

1038 
2832 
3138 

18 
9 

9 

187 
255 
282 

2 

2 
2 

4 
4 
5 

In  the  first  instance  the  up-feed  riser  may  be  sized  for  the  same  pressure 
drop  as  used  for  the  cold  water  riser  and,  from  the  top  of  the  riser  just 
below  the  top  fixture  connection,  a  return  circulation  line  may  be  carried 
back  to  the  main  return  line  in  the  basement  and  connected  through  a 
check  valve,  set  on  a  45-deg  angle,  and  a  gate  valve;  these  return  circu- 
lation lines  should  never  be  less  than  %  in.,  and  on  the  farther  half  of  the 
risers,  not  less  than  1  in.  to  favor  circulation  in  the  far  end.  Typical  top 
and  bottom  connections  for  such  risers  are  shown  in  Fig.  6. 
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TABLE  9.    TYPICAL  CALCULATION  OF  PIPE  SIZES  ON  DOWN-FEED  RISERS  WITH 
FLUSH  TANK  WATER-CLOSETS  AND  URINALS  ON  Top  FLOOR  ONLY  (SEE  FIG.  4) 


FLOOR 

OF 

BLDG. 

FIXTURES 

ON 

FLOOR 

GPM 

PER 

FIXTURE 

MAXIMUM 
GPM 

ON 

FLOOR 

MAXIMUM 
GPM 

ON 

RISER 

PROBABLE 

USE 
(PER  CENT) 

PROBABLE 
DEMAND 
RISER 
GPM 

ALLOWABLE 
DROP 
LB  PER 
100  FT 

PIPE 
SIZE 
IN. 

Riser  No.  1 

7th  and 
below 

789 

21 

166 

30 

2 

Sth 

4  W.  C. 
2U. 
3  Lav, 

10 
10 
3 

40 
20 
9 

"~C9 

858 

20 

172 

3.3 

4 

Riser  No.  8 

7th  and 
below 

1512 

14 

211 

30 

m 

Sth 

6  W.  C, 
4  Lav, 

10 
3 

00 

12 

72 

1594 

14 

223 

3.3 

4 

Riser  No.  S 

7th  and 
below 

302 

40 

121 

30 

2 

Sth 

1  S.  S. 

4 

4 

306 

40 

122 

3.3 

3 

For  the  second  arrangement  of  hot  water  risers  (Fig.  7&) ,  circulation  lines 
are  run  back  from  the  last  fixture  supplied  to  the  main  return  circulation 
line  in  the  same  manner  as  just  described,  using  %  in.  for  the  near  risers  and 
1  in.  for  the  far  risers.  The  sizing  is  much  more  difficult,  as  it  is  necessary 
to  start  at  the  bottom  floor  of  the  return  riser  and  work  back  to  the  top  of 
this  riser  and  then  carry  the  maximum  flow  across  on  to  the  top  of  the 
corresponding  supply  riser  and  work  down  on  this  riser  from  the  top  floor 
to  the  bottom.  Naturally  this  gives  a  much  greater  flow  in  the  supply 
riser  and  aids  circulation  by  reducing  pipe  friction.  The  allowable  loss 
per  100  ft  in  such  lines  must  be  made  about  half  that  used  for  the  cold 
water  risers  which  do  not  have  the  combined  up-  and  down-travel  which 
the  hot  water  must  make. 

In  the  third  and  most  common  arrangement  (Fig.  7c)  all  of  the  water  is  car- 
ried from  the  tank  or  heater  directly  to  the  top  of  the  building  and  is  there 
distributed  to  the  risers  which  are  down-feed  and  may  be  sized  in  the 

TABLE  10.    SUMMARY  OF  RISER  SIZES  TO  GIVEN  MAIN  SIZES  WITH  FLUSH  TANK 
WATER-CLOSETS  AND  URINALS  ON  TOP  FLOOR  ONLY  (SEE  FIG.  4) 


RISER 
No. 

MAXIMUM 
GPM 
RISER 

MAXIMUM 
GPM 

MAIN 

PROBABLE 
USB 
(PER  CENT) 

PROBABLE 
GPM 

ALLOWABLE 
DROP 
LB  PER  100  FT 

SIZE  or 

MAIN 
IN. 

1 
2 
3 

858 
1594 
306 

858 
2452 
2758 

20 
10 
9 

172 
245 
248 

3,3 
3,3 
3,3 

4 
4 
4 
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regular  down-feed  manner  if  the  total  equivalent  run  either  from  the 
street  main^  or  house  tank  is  taken  into  consideration.  The  return 
circulation  lines  from  the  bottom  of  each  riser  should  be  arranged  in  the 
manner  already  outlined  and  any  riser  not  going  to  the  basement  to 
supply  fixtures  must  have  these  returns  carried  down  to  the  basement 
from  the  termination  of  the  supply  riser  at  whatever  level  it  may  end. 

Top  Fixture  Connection  and  Air  Vent^ 


4W.C.-F.V. 

2U.-F.V. 

8th.        *•-> 

3  Lav. 

4W.C.-F  V. 

7th.        : 

2*' 

2U.-F  V. 
3  Lav. 

4W.C.-F  V. 

2i 

2U.-F.V. 

6th.        : 

•H-*. 

3  Lav. 

4W.C.-F.V. 

3" 

2U.-F.V. 

5th.        : 

in-* 

3  Lav. 

3" 

10  Lav. 

4th.        : 

*-*. 

3" 

1S.S. 

3rd.        : 

:•-». 

3" 

1S.S. 

2nd,       : 

H*- 

3" 

1S.S. 

1st.        : 

»-*- 

3" 

1  II.  Mil 

3"  Main 

I     t 

!l 


(i) 

FIG.  5.    UP-FEED 
SYSTEM 


v=" 

p*s?     , 

^Return  Main  '< 


Return  Main        '-Supply  Main 

FIG.  6.    SUPPLY  AND  RETURN 

MAIN  CONNECTIONS  FOR  HOT 

WATER  SUPPLY  SYSTEM 


All  risers,  both  hot  and  cold,  should  be  valved  at  the  main  with  an 
extra  check  valve  on  the  hot  water  return  circulation  so  that  the  risers 
may  be  cut  off  and  repaired  when  necessary  without  disturbing  the 
service  in  the  remainder  of  the  system. 

HOT  WATER  SUPPLY 

Having  designed  the  service  hot  water  piping,  the  next  step  is  to  furnish 
some  means  of  heating  the  water  and  in  this  respect  it  is  necessary  to  pass 
from  the  maximum  probable  flow  to  the  maximum  probable  hourly 
demand,  which  is  quite  different.  If  an  instantaneous  heater  were  used, 
it  would  require  adequate  capacity  to  provide  for  the  heating  of  the  water 
as  fast  as  it  is  drawn  and  a  heater  of  this  type  should  be  sized  on  the  basis 
of  the  maximum  probable  flow  with  the  accompanying  heavy  drafts  on 
the  heating  device  and  with  intervals  of  no  draft  at  all.  To  balance  these 
inequalities  of  flow  the  storage-type  heater  is  often  utilized  so  that  the 
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TABLE  11.    TYPICAL  CALCULATION  OF  PIPE  SIZES  ON  UP-FEED  RISER  WITH 
FLUSH  VALVE  WATER-CLOSETS  AND  URINALS  (SEE  FIG.  5) 


FLOOR 

OF 

BLDG. 

FIXTURES 

ON 

FLOOR 

GPM 

PER 

FIXTURE 

MAXIMUM 
GPM 

ON 

FLOOR 

MAXIMUM 
GPM 

ON 

RISER 

PROBABLE 
USE 
(PKR  CENT) 

PROBABLE 
DEMAND 
RISER 
GPM 

ALLOWABLE 
DROP 
LB  PER 
100  FT 

PIPE 
SIZE 

IN. 

8th 

4W.  C. 
2  U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

249 

44 

109 

8.5 

2H 

7th 

4  W.  C, 
2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

498 

28 

130 

8.5 

m 

6th 

4W.  C. 
2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

747 

22 

1«4 

8.5 

3 

5th 

4  W.  C. 
2U. 
3  Lav. 

45 
30 
3 

180 
60 
9 

249 

996 

18 

179 

8,5 

3 

4th 

10  Lav. 

3 

30 

1026 

18 

185 

8.5 

3 

3rd 

IS.  S. 

4 

4 

1030 

18 

186 

8.5 

3 

2nd 

IS.  S. 

4 

4 

1034 

18 

187 

8.5 

3 

1st 

IS.  S. 

4 

4 

1038 

18 

188 

8,5 

8 

TABLE  12.    SUGGESTED  STORAGE  TANK  SIZES  FOR  HOMES  AND  APARTMENTS 


ALL  YEAR  SERVICE 

SERVICE  DURING  HEATING  SIUSON 

BASED  ON  BOILER  WATMK  AT  180  F 

BASED  OK  BOILHR  WATHH  AT  215  F 

Tank 
Capacity 
Gal 

Piping  Connections 

Number  of 
Baths  or 
Families 

Tank 
Cagacity 

Piping  Connections 

Number  of 
Baths  or 
Families 

Boiler,  In, 

Tank,  In. 

Boiler,  In. 

Tank,  In. 

30 

1 

H 

1 

30 

1 

H 

1 

35 
40 

IS 

% 

1 
1-2 

40 
52 

1 
1 

H 
H 

1 
1 

SO 

IJi 

% 

1-2 

66 

\1A 

1-2 

60 

IJi 

1 

1-2 

82 

Itf 

l 

2-3 

72 

1« 

1 

2-3 

100 

Itf 

l 

3 

80 

2 

1 

2-3 

120 

1 

4 

100 

2 

1M 

3-4 

144 

IJ^j 

l 

5 

125 

2 

iM 

4-5 

160 

2 

iJi 

6 

150 

2 

iJi 

5-6 

200 

2 

1$ 

6-7 

200 

2 

ij^j 

6-7 

250 

2 

7-9 

250 

2J/3 

1J^ 

7-9 

300 

2 

lj4 

9-11 

300 

2J^ 

1J^2 

9-11 

400 

11A 

2 

11-15 

400 

3 

2 

11-15 

500 

2J^ 

2 

15-18 

500 

3 

2 

15-18 

600 

3 

2H 

18-21 
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water  demand  can  be  heated  during  periods  of  light  demand  and  stored 
up  for  use  during  the  periods  of  heavy  demand.  The  total  water  con- 
sumption per  person  usually  varies  between  100  and  150  gal  per  day  when 
laundry  and  culinary  operations  for  the  occupants  are  carried  out  on  the 
same  premises.  The  maximum  hourly  demand  under  these  conditions 
will  be  found  to  be  about  one-tenth  of  the  average  daily  consumption. 

If  one-third  of  the  total  water  used  is  hot  water  and  125  gal  per  day  are 
assumed  as  a  fair  average  of  consumption  per  person,  it  is  apparent  that 
each  person  uses  about  40  gal  of  hot  water  per  day.  If  one-tenth  of  this 
represents  the  peak  hourly  load,  then  4  gph  must  be  allowed  per  person 
for  the  heaviest  demand.  If  the  average  occupancy  of  apartments  is 
3  persons,  the  peak  hour  demand  per  apartment  will  be  about  12  gph.  It 
is  customary  to  allow  10  gph  of  heating  capacity  per  apartment.  Water 
in  excess  of  this  heating  capacity  drawn  out  during  the  peak  hours  is 
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ij 
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(a) 


(b) 


(c) 


FIG.  7.    METHODS  OF  ARRANGING  HOT  WATER  CIRCULATION  LINES 


provided  for  by  storage  in  the  hot  water  tank  where  this  water  is  heated 
during  hours  when  the  demand  is  below  the  average.  In  single  homes, 
hot  water  use  averages  20  gal  per  day  per  person.  Table  12  gives  sug- 
gested storage  tank  sizes  for  homes  and  apartments  based  on  the  number 
of  families  or  baths. 

WATER  HEATERS 

Various  'types  of  heaters  are  available  for  supplying  the  hot  water  for 
domestic  service  in  buildings.  In  any  hot  water  supply  system  the  water 
should  be  heated  to  a  temperature  between  150  and  180  F.  Where  the 
hot  water  requirements  include  supplies  for  kitchens,  laundries  or  process 
work,  the  higher  temperatures  are  used.  In  buildings  where  steam  is 
available  throughout  the  year,  the  hot  water  supply  is  usually  taken  from 
this  source.  In  smaller  domestic  installations  the  fuel-burning  device  is 
generally  automatically  arranged  so  that  hot  water  is  supplied  the  entire 
year  and  not  merely  when  the  boiler  is  used  for  heating  purposes. 
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Water  is  heated  by  various  methods  using  heat  exchangers  arranged  so 
that  the  boiler  heating  medium  gives  up  its  heat  to  the  water  in  the  hot 
water  circulating  system.  These  heat  exchangers  may  be  classified  as 
follows : 

1.  Submerged  steam  heating  coil  in  storage  tank. 

2.  Submerged  water  heating  coil  in  storage  tank.    (Fig.  8). 

#.  Indirect  water  heater,  mounted  on  side  of  boiler  below  water  line.    (Fig.  9). 
4.  Submerged  indirect  water  heater,  placed  in  boiler  below  water  line.    (Fig.  10). 

The  efficiency  of  these  heaters  may  be  estimated  as  nearly  100  per  cent 
as  the  heat  loss  from  surface  radiation  of  the  heater  and  tank  shell  when 
covered  with  insulating  material  is  generally  reduced  to  a  minimum.  The 
capacities  of  these  heaters  are  usually  available  from  manufacturers' 

Hot  water  to  fixtuw 


(1) 


FIG.  8.    WATER  HEATING  COIL  SUBMERGED  IN  STORAGE  TANK 

rating  tables,    The  area  of  the  inside  surface  of  a  heating  coil  may  be 
determined  from  the  following  equation : 

A  m  jS..X.8.33/«o  -  ft) 

KQ  X  ^m 
where 

A  *  surface  area  of  coil,  square  feet. 
<2  ==  quantity  of  water  heated,  gallons  per  hour. 
,  t0  »  hot  water  outlet  temperature,  degrees  Fahrenheit, 
/i  ~  cold  water  inlet  temperature,  degrees  Fahrenheit. 
KQ  *•  coefficient  of  heat  transmission,  Btu  per  hour  per  square  foot  surface, 
For  copper  or  brass  coils  I<0  m  240  (steam)  and  100  (hot  water), 
For  iron  coils  KQ  «  100  (steam)  and  07  (hot  water). 

*m  ™  logarithmic  mean  of  the  difference  between  the  temperature  of  the  heating 
medium  and  the  average  water  temperature,     /m  is  approximately    « 
["",        (h  4-  4)1 

r  " " "  sr -J 

Equation  1  may  also  be  used  for  determining  revised  heating  coil 
ratings  under  different  temperature  conditions  as  stated  in  the  manu- 
facturers' ratings.  When  selecting  a  water  heater,  the  conditions  of 
operation  should  be  carefully  considered,  as  well  as  the  location  of  the 
storage  tank  and  the  piping  arrangement  between  the  boiler,  heater  and 
tank.  It  is  generally  good  practice  to  allow  a  margin  of  safety  when 
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selecting  an  indirect  heater  of  the  proper  size  to  provide  for  loss  of 
efficiency  due  to  the  accumulation  of  scaling  on  the  coils  and  piping.  Heat 
exchangers  classified  according  to  (3)  and  (4)  may  be  used  with  or  without 
a  storage  tank,  but  when  tanks  are  omitted,  the  indirect  water  heaters 
should  be  increased  in  size  so  as  to  heat  the  water  instantaneously  as 
it  is  needed. 

The  storage  tank  should  be  installed  as  high  as  possible.  Horizontal 
tanks  ^  are  preferable  for  all  medium  size  installations  and  absolutely 
essential  on  larger  installations.  Where  possible  the  storage  tank  should 
be  installed  with  the  bottom  of  the  tank  at  or  above  the  boiler  water  line. 
Horizontal  storage  tanks  smaller  than  18  or  20  in,  diameter  are  not 
recommended  because  of  the  difficulty  of  preventing  the  hot  and  cold 
water  from  mixing,  and  especially  is  this  an  important  consideration  when 
large  quantities  of  water  are  withdrawn. 


J"  hot  wntor  to  fixtures 


Bollor  water 
t«mp«r«tur«  control 


FIG,  9-    INDIRECT  WATER  HEATER  MOUNTED  ON 
SIDE  OF  BOILER 


FIG,  10,    INDIRECT  WATER 
HEATER  PLACED  IN  BOILER 


Pipe  sizes  between  the  water  heater  and  boiler  should  be  full  size  of  the 
heater  tappings  (Table  12).  When  a  heater  is  connected  to  a  horizontal 
sectional  boiler,  it  is  recommended  that  connections  be  made  to  all 
sections  and  joined  together  a  few  inches  below  the  water  line  as  shown 
in  Fig.  8,  so  that  steaming  is  prevented  in  those  sections  which  are  not 
connected  to  the  header. 

When  a  steam  coil  is  used  for  heating  the  water,  an  automatic  ther- 
mostatic  valve  may  be  installed  in  the  steam  supply  to  the  coil.  The 
operation  of  this  automatic  valve  is  controlled  by  a  thermostat  located  in 
the  storage  tank  which  permits  the  proper  amount  of  steam  to  enter  the 
coil  so  as  to  maintain  an  even  water  temperature. 

An  indirect  water  heater  may  be  used  on  either  a  steam  or  hot  water 
system,  and  generally  this  type  of  heater  is  provided  with  a  temperature 
control  device  located  in  the  boiler  water  circulating  connection  to  the 
water  heater.  The  setting  on  this  thermostatic  valve  may  be  as  low  as 
140  F  or  as  high  as  180  F  and  may  be  readily  adjusted  to  meet  particular 
requirements.  With  this  type  of  control  it  is  impossible  to  overheat  the 
hot  water  supply  which  is  an  important  safety  consideration  in  some 
installations.  This  type  of  system  may  also  be  conveniently  used  during 
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the  non-heating  season  with  the  operation  of  the  fuel  burning  device 
controlled  by  the  water  heater  thermostat.  (See  Chapter  33.)  During 
the  heating  season  the  water  heater  temperature  control  functions  as  a 
low  limit  control. 

When  an  indirect  water  heater  is  applied  to  a  gravity  hot  water  system, 
it  is  necessary  to  provide  a  valve  in  the  supply  to  the  heating  system  to 
prevent  the  flow  of  hot  water  from  the  boiler  when  heat  is  not  required 
in  the  house.  This  valve  may  be  controlled  from  a  room  thermostat  and 
the  automatic  fuel-burning  device  controlled  from  the  water  heater 
thermostat.  To  prevent  circulation  in  a  forced  hot  water  heating  system 
flow  control  valves  may  be  installed  in  the  flow  and  return  lines  which  act 
merely  as  check  valves  when  the  circulating  pump  is  not  operating.  In 
this  arrangement  the  pump  is  controlled  by  the  room  thermostat  and  the 
automatic  fuel-burning  device  is  controlled  from  the  water  heater 
thermostat. 

STORAGE  CAPACITY  AND  BOILER  ALLOWANCES 

The  amount  of  storage  provided  in  the  hot  water  tank  or  heater  is 
somewhat  a  matter  of  choice  but  is  usually  made  ample  to  carry  over  the 
peak  shortage  which  is  likely  to  occur  and  is  based  on  the  assumption  that 
only  75  per  cent  of  the  storage  capacity  will  be  available,  as  it  has  been 
found  that  if  more  than  this  amount  is  withdrawn  from  storage,  the  tank 
is  so  cooled  down  as  to  make  the  balance  useless.  The  general  rule  may 
be  cited  that  the  less  the  heating  capacity  the  greater  must  be  the  storage, 
and  the  greater  the  storage  the  less  may  be  the  heating  capacity  down  to  a 
point  where  the  heating  capacity  will  fail  to  be  sufficient  to  heat  up  the 
tank  storage  during  the  periods  of  small  load, 

Example  6.    A  heater  to  supply  500  persons  will  have  an  average  daily  use  of  about 

500  X  40  gal  =  20,000  gal  and  this  is  an  average  of  -  '  0?  —  -  833  gph  but  the  peak 

&*k 

hour  will  require  Ho  of  20,000  =  2000  gal  and  the  shortage  during  tjhe  peak  hour,  if  the 
heating  capacity  is  made  to  suit  the  average  hourly  use  of  833  gal,  will  be  2000  —  833  « 
1167  gal  so  that  the  storage  capacity,  based  on  75  per  cent  being  available  from  this 

1 1  A*7 

capacity  without  cooling  the  tank  excessively,  will  be  jrsv  "»  1550  gal. 

U.YO 

Should  it  be  desired  to  reduce  the  size  of  storage  tanks  and  to  use  a  greater  heating 
capacity,  it  is  only  necessary  to  increase  the  heating  capacity  to  1200  gph  which  then 
gives  2000  —  1200  =  800  gal  as  the  shortage  during  the  peak  hour,  and  the  necessary 

storage  will  be  — ^ ™  •  =  1067  gal;  or  the  heating  capacity  can  be  increased  to  1500  gal, 
leaving  a  shortage  of  2000  -  1500  =  500  gal. 

Good  design  requires  that  the  heating  capacity  be  made  as  small  as 
possible  without  introducing  undesirable  amounts  of  storage,  as  the 
heating  capacity  directly  determines  the  load  on  the  source  of  heat, 

As  indicated  in  Example  5,  the  heating  load  is  proportional  to  the 
heating  capacity  and  the  boiler  capacity  must  be  increased  for  higher 
heating  capacities  and  may  be  reduced  for  smaller  heating  capacities  with 
greater  storage.  It  may  be  assumed  that  a  boiler  capacity  of  about  4 
sq  ft  of  equivalent  steam  heating  surface2  (radiation)  must  be  provided 
for  every  gallon  of  water  heated  100  F  or  from  50  F  to  150  F,  which  is 

1  Of)   V   R  *^  '-t 
^Actual  requirement  for  100  dcg  temperature  difference  *  i™.|£Ji±?  »  3,43   gq  ft  per  Raljon  of 

water  heated. 
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TABLE  13.    ORDINARY  MAXIMUM  HOURLY  DEMAND  FOR  HOT  WATER  FOR  VARIOUS 
FIXTURES  IN  GALLONS  AND  PROBABLE  PERCENTAGE  OF  USAGE 


TYPB  OF 
BUILDING 

LAVATORIES 

BATHS 

SllOWKUH 

SLOP 

SINKS 

KlTQRHN 

SINKS 

PANTRT 

SINKS 

FOOT 
BATHS 

WASH 

TRAtH 

AVG, 
MAX. 

UBK* 

Private 

Public 

MAXIMUM 
PKOBABUI 
UBAQB 

flPH 

20 

20 

40 

300 

30 

30 

20 

20 

SO 

35 

60 
80 
45 
70 
90 
100 
20 
100 
60 
25 
75 

Probable  Usage  in  Per  Cent  of  Maximum  Ordinary  Use 

Apt.  house 
Club 
Gymnasium 
Hospital 
Hotel 
Industrial 
Laundries 
Office  building 
Baths 
Residences 
Schools 
Y.  M.  C  A, 

25 

26 
25 
25 

25 
25 
25 

25 
25 
25 
25 
25 

50 
75 
100 
75 
100 
150 
100 
75 
150 

"75 

100 

33 
50 
100 
50 
50 
100 

150 
50 

"ioo 

07 
67 
100 
33 
33 
100 

"ioo 

33 

100 
100 

67 
67 

17 
100 
67 
33 
60 
50 
50 
67 
67 

33 

67 

67 
67 
67 

50 
100 

"ioo 

100 

25 
26 
100 
25 
25 
100 

60 
80 

IS 
80 

100 

33 
33 
67 

50 
100 
100 

50 
50 
100 

60 

"so 

•^Percentage  of  fixtures  likely  to  b<s  demanding  maximum  probable  usage  at  any  one  time, 


TABLE  14. 


HOT  WATER  CONSUMPTION  IN  VARIOUS  TYPES  OF  BUILDINGS 
FOR  DIFFERENT  PURPOSES 


TYPH  OF  BOILDINO 

CONDITIONS 

GALLONS 

Hotels 

Room  with  basin  only 
Room  with  bath 
(Transient) 
(Men) 
(Mixed) 
(Women) 
Two-room  suite  and  bath 
Three-room  suite  and  bath 

10  (per  day) 

40  (per  day) 
40  (per  day) 
60  per  clay) 
80  (per  day) 
80  (per  day) 
100  (per  day) 

Public 
Buildings 

Public  bath  or  lavatory 
Public  shower 
Public  lavatory  with  attendant 

150  (per  day  per  fixture) 
200  (per  clay  per  fixture) 
200  (per  day  per  fixture) 

Industrial 
Buildings 

Per  office  employee 
Per  factory  employee 
Cleaning  floors 

2  (per  day} 
5  (per  day) 
3  (per  1000  aq  ft  per  day) 

Restaurants 

$0.50  Meals 
$1.00  Meals 
$1,50  Meals 

0,5  (per  customer  with  hand  washing) 
1.0  (per    customer    with     machine 
washing) 
1.0  (per  customer  with  hand  washing) 
2,0  (per    customer    with     machine 
washing) 
1.5  (per  customer  with  hand  washing) 
4,0  (per    customer    with     machine 
washing) 
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Chapter  46 

TERMINOLOGY 

Clossary  of  Physical  and  Heatin#,  Ventilating  and  Air  Condi" 
tionlng  Terms  lined  in  the  Text,  Standard  Abbreviations, 
Conversion  Equations,  Drafting  Symbols,  Specific  Heat  Table 

Absolute  HumSdityr    See  Humidity. 

Absolute  Pressure:    The  pressure  referred  to  that  of  a  perfect  vacuum,    It  is  the  sum 

of  gage  pressure  and  barometric  pressure, 

Absolute  Temperature:  A  reading  on  the  absolute  temperature  scale,  Absolute 
temperature  is  obtained  by  adding  459,70  degrees  to  the  Fahrenheit  temperature, 

Absolute  Zero:  The  zero  point  on  the  absolute  scale  459.70  F  below  the  ssero  of  the 
Fahrenheit  "scale, 

Acceleration;  The  rate  of  change  of  velocity*  In  the  fps  system  this  is  expressed 
in  units  of  one  foot  per  second,  a  ««  V  4-  L 

Acceleration  Due  to  Gravity:  The  rate  of  gain  in  velocity  of  a  freely  falling  body, 
the  value  of  which  varien  with  latitude  and  elevation.  The  international  gravity  standard 
has  the  value  of  980,665  cm  per  second  per  tjeconcl  or  32,174  ft  per  second  per  second, 
which  is  the  actual  value  of  thia  acceleration  at  sea  level  and  about  45  dee:  latitude* 

Adiabatic:  An  adjective  descriptive  of  a  process  in  which  no  heat  is  added  to  or 
extracted  from  the  system  executing  the  process, 

Air  Cleaner:  A  device  designed  for  the  purpose  of  removing  air-borne  impurities 
such  aa  dusts,  fumes  and  sniofces,  (Air  cleaners  include  air  washers  and  air  (liters.) 

Air  Conditionings  The  simultaneous  control  of  all  or  at  least  the  first  three  of  those 
factors  affecting  both  the  physical  and  chemical  conditions  of  the  atmosphere  within 
any  structure.  These  factors  include  temperature,  humidity,  motion,  distribution, 
dust,  bacteria,  odors  and  toxic  gases,  most  of  which  affect  in  greater  or  lesser  degree 
human  health  or  comfort*  (See  Comfort  Air  Conditioning,*) 

Air  Washers  An  enclosure  in  which  air  is  forced  through  a  spray  of  water  in  order 
to  cleanse,  humidify,  or  dehumidify  the  air. 

Anemometer:    An  instrument  for  measuring  the  velocity  of  moving  air. 

Atmospheric  Pressures  The  pressure  indicated  by  a  barometer.  Standard  atmospheric 
presmrl  is  a  pressure  of  76  cm  mercury  (density  13.5951  grams  per  cubic  centimeter, 
gravity  980,665  cm  per  second  per  second).  It  is  equivalent  to  14.6959  Ib  per  square 
inch  or  29,921  in.  of  mercury  at  32  F. 

Baffles    A  plate  or  wall  for  deflecting  gases  or  fluids, 

Blasts  This  word  was  formerly  used  to  denote  forced  air  circulation,  particularly  in 
connection  with  central  fan  systems  using  steam  or  hot  water  as  the  heating  medium. 
As  applied  in  this  sense,  the  word  blast  is  now  obsolete, 

Boiler:    A  closed  vessel  in  which  steam  is  generated  or  in  which  water  is  heated, 

Boiler  Heating  Surfaces  That  portion  of  the  surface  of  the  heat-transfer  apparatus  in 
contact  with  the  fluid  being  heated  on  one  aide  and  the  gas  or  refractory  being  cooled 
on  the  other,  in  which  the  nuicl  being  heated  forms  part  of  the  circulating  system;  thin 
surface  shall  be  measured  on  the  side  receiving  heat,  This  includes  the  boiler,  water 
walls,  water  screens,  and  water  floor,  (A.S.M.E*  Power  Test  Codes,  Series  1929,) 

Boiler  Horsepower:  The  equivalent  evaporation  of  34,6  Ib  of  water  per  hour  from 
and  at  212  F.  This  is  equal  to  a  heat  output  of  970,3  X  34,5  •*  38,475  Btu  per  hour. 

British  Thermal  Units  A  unit  of  energy  defined  in  terms  of  the  international  steam- 
table  calorie  through  the  convenient  relation  1  Btu  per  pound  per  degree  Fahrenheit 
««  1  cal  per  fprarn  per  degree  Centigrade,  It  is  approximately  the  quantity  of  heat 
required  to  raise  the  temperature  of  1  Ib  of  liquid  water  from  63  to  64  F, 
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By-pass:  A  pipe  or  duct,  usually  controlled  by  valve  or  clamper,  for  short-circuiting 
fluid  flow. 

Caloric:  (large  calorie  or  kilogram  calorie)  is  equal  to  1000  international  steam-table 
calories  =  1/860  international  kilowatthour.  For  practical  purposes  it  may  be  con- 
sidered as  1/100  of  the  heat  required  to  raise  the  temperature  of  1  kilogram  of  water 
from  0  to  100  C. 

Central  Fan  System:  A  mechanical  indirect  system  of  heating,  ventilating, t  or  air 
conditioning,  in  which  the  air  is  treated  or  handled  by  equipment  located  outside  the 
rooms  served,  usually  at  a  central  location,  and  is  conveyed  to  and  from  the  rooms  by 
means  of  a  fan  and  a  system  of  distributing  ducts.  (See  Chapter  20.) 

Chimney  Effect:  The  tendency  in  a  duct  or  other  vertical  air  passage  for  air  to  rise 
when  heated,  owing  to  its  decrease  in  density. 

Coefficient  of  Transmission:  The  amount  of  heat  (Btu)  transmitted  from  air  to  air  in 
one  hour  per  square  foot  of  the  wall,  floor,  roof  or  ceiling  for  a  difference  in  temperature 
of  1  F  between  the  air  on  the  inside  and  that  on  the  outside  of  the  wall,  floor,  roof  or  ceiling, 

Comfort  Air  Conditioning:  The  process  by  which  simultaneously  the  temperature, 
moisture  content,  movement  and  quality  of  the  air  in  enclosed  spaces  intended  for 
human  occupancy  may  be  maintained  within  required  limits.  (See  Air  Conditioning.) 

Comfort  Line:  The  effective  temperature  at  which  the  largest  percentage  of  adults 
feel  comfortable. 

Comfort  Zone  (Average) :  The  range  of  effective  temperatures  over  which  jthe  majority 
(50  per  cent  or  more)  of  adults  feel  comfortable.  Comfort  Zone  (Extreme):  The  range  of 
effective  temperatures  over  which  one  or  more  adults  feel  comfortable.  (See  Chapter  2.) 

Concealed  Radiator:  A  heating  device  located  within,  adjacent  to,  or  exterior  to  the 
room  being  heated  but  so  covered  or  enclosed  or  concealed  that  the  heat  transfer  surface 
of  the  device,  which  may  be  either  a  radiator  or  a  convector,  does  not  see  the  room, 
Such  a  device  transfers  its  heat  to  the  room  largely  by  convection  air  currents. 

Conductance:  The  amount  of  heat  (Btu)  transmitted  from  surface  to  surface  in  one 
hour  through  one  square  foot  of  a  material  or  construction,  whatever  its  thickness,  when 
the  temperature  difference  is  1  F  between  the  two  surfaces, 

Conduction:  The  transmission  of  heat  through  and  by  means  of  matter  unaccom- 
panied by  any  obvious  motion  of  the  matter. 

Conductivity:  The  amount  of  heat  (Btu)  transmitted  in  one  hour  through  one  square 
foot  of  a  homogeneous  material  1  in,  thick  for  a  difference  in  temperature  ot  1  F  between 
the  two  surfaces  of  the  material. 

Conductor  (Heat):  A  material  capable  of  readily  conducting  heat.  The  opposite  of 
an  insulator  or  insulation. 

Constant  Relative  Humidity  Line:  Any  line  on  the  psychrometric  chart  representing  a 
series  of  conditions  which  may  be  evaluated  by  one  percentage  of  relative  humidity; 
there  are  also  constant  dry-bulb  lines,  wet-bulb  lines,  effective  temperature  lines,  vapor 
pressure  lines,  and  lines  showing  other  physical  properties  of  air  mixed  with  water  vapor. 

Convection:  The  transmission  of  heat  by  the  circulation  of  a  liquid  or  a  gas  such  as 
air.  Convection  may  be  natural  or  forced. 

Convector:  A  heat  transfer  surface  designed  to  transfer  its  heat  to  surrounding  air 
largely  or  wholly  by  convection.  Such  a  surface  may  or  may  not  be  enclosed  or  concealed . 
When  concealed  and  enclosed  the  resulting  device  is  sometimes  referred  to  as  a  concealed 
radiator.  (See  also  definition  of  Radiator.)  (See  also  Chapter  12.) 

Decibel:    A  unit  commonly  used  for  expressing  sound  or  noise  intensities  referred  to 

•p 

an  arbitrary  reference  level.    It  is  defined  by  the  relation  clb  «  10  logio  TT,  where  Pi  is 

*  ° 

the  unknown  intensity,  and  P0  is  the  reference  level  which  is  commonly  taken  as  10-16 
watts  per  square  centimeter. 

Degree-Day:  A  unit,  based  upon  temperature  difference  and  time,  used  in  specifying 
the  nominal  heating  load  in  winter.  For  any  one  day  there  exists  as  many  degree-clays 
as  there  are  degrees  Fahrenheit  difference  in  temperature  between  the  mean  temperature 
for  the  day  and  65  F. 

Degree  of  Saturation  or  Per  Cent  Saturation:  The  ratio  of  actual  humidity  ratio  W  to 
the  saturation  humidity  ratio  Wa  corresponding  to  the  actual  temperature  and  the 

IV 
observed  pressure.    ^  =  -^  (Approximately  the  same  as  but  not  identical  with  relative 

humidity.    See  Chapter  1). 

Dehumidification:  The  condensation  of  water  vapor  from  air  by  cooling  below  the 
dew-point. 
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Dehydration:  The  removal  of  water  vapor  from  air  by  the  use  of  adsorbing  or  absorb- 
ing materials. 

Density:   The  weight  of  a  unit  volume,  expressed  in  pounds  per  cubic  foot,  d  «  W  •*•  K 

Dew-Point  Temperature:  The  temperature  corresponding  to  saturation  (100  per  cent 
relative  humidity)  for  a  given  moisture  content. 

Direct-Indirect  Heating  Unit:  A  heating  unit  located  in  the  room  or  space  to  be  heated 
and  partially  enclosed,  the  enclosed  portion  being  used  to  heat  air  which  enters  from 
outside  the  room, 

Direct  Radiator:    Same  as  Radiator. 

Direct-Return  System  (Hot  Water):  A  hot  water  system  in  which  the  water,  after  it 
has  passed  through  a  heating  unit,  is  returned  to  the  boiler  along  a  direct  path  so  that 
the  total  distance  traveled  by  the  water  is  the  shortest  feasible,  and  so  that  there  are 
considerable  differences  in  the  lengths  of  the  several  circuits  composing  the  system. 

Down-Feed  One-Pipe  Riser  (Steam):  A  pipe  which  carries  steam  downward  to  the 
heating  units  and  into  which  the  condensation  from  the  heating1  units  drain. 

Down-Feed  System  (Steam):  A  steam  heating  system  in  which  the  supply  mains  are 
above  the  level  of  the  heating  units  which  they  serve, 

Draft  Head  (Side  Outlet  Enclosure):  The  height  of  a  gravity  cpnvector  between  the 
bottom  of^the  heating  unit  and  the  bottom  of  the  air  outlet  opening.  (Top  Outlet  En- 
closure): The  height  of  a  gravity  con  vector  between  the  bottom  of  the  heating  unit  and 
the  top  of  the  enclosure, 

Drip;  A  pipe,  or  a  steam  trap  and  a  pipe,  considered  as  a  unit,  which  conducts  con- 
densation from  the  steam  side  of  a  piping  system  to  the  water  or  return  side  of  the  system. 

Dry  Airs  In  psychrometric  work,  dry  air  is  defined  as^ir  without  water  vapor.  This 
state,  though  not  obtained  practically,  is  used  as  the  basis  of  calculations, 

Dry-Bulb  Temperatures  'Ihe  temperature  indicated  by  a  standardized  thermometer 
after  correction  for  radiation,  etc. 

Dry  Returns  A  return  pipe  in  a  at  cam  heating  system  which  carries  both  water  of 
condensation  and  air*  The  dry  return  is  above  the  level  of  the  water  line  in  the  boiler 
in  a  gravity  system.  (See  Wet  Return.) 

Dust:  Solid  material  in  a  finely  divided  state,  the  particles  of  which  are  large  and 
heavy  enough  to  fall  with  increasing  velocity,  due  to  gravity  in  still  air.  For  instance, 
particles  of  "fine  sand  or  grit,  the  average  diameter  of  wliich  is  approximately  0.01 
centimeter,  such  as  are  blown  on  a  windy  day,  may  be  called  dust. 

Dynamic  Head  or  Pressure:    Same  as  Total  Pressure, 

Effective  Temperature:  An  arbitrary  index  which  Combines  into  a  single  value  the 
effect  of  temperature,  humidity,  and  movement  of  air  on  the  degree  of  warmth  or  cold 
felt  by  the  human  body,  The  numerical  value  is  that  of  the  temperature  of  still,  satu- 
rated air  which  would  induce  an  identical  sensation  of  warmth, 

Enthalpy:  A  thcrmodynamic  property  which  serves  as  a  measure  of  the  quantity  of 
thermal  energy  convected  by  a  fluid  in  steady  flow,  In  a  non-flow  process  the  increase  of 
enthalpy  equals  the  quantity  of  heat  absorbed  provided  pressure  is  constant.  Enthalpy 
was  formerly  called  heat  content,  sometimes  torn  heat.  Specific  enthalpy  is  the  ratio  of 
total  enthalpy  to  total  weight,  that  ia,  enthalpy  per  unit  weight  of  substance,  Btu 
per  pound, 

Entropy:  A  thcrmodynamic  property  which,  for  practical  purposes,  IB  best  defined  by 
stating  its  principal  functions:  (1)  during  a  reversible  adiabatic  change  of  state,  entropy 
is  constant;  (2)  during  a  reversible  isothermal  change  of  state,  the  he?it  absorbed  IB  equal 
to  absolute  temperature  times  change  of  entropy.  Specific  entropy  is  the  ratio  of  total 
entropy  to  total  weight,  that  in,  entropy  per  unit  weight,  Btu  per  degree  Fahrenheit 
per  pound, 

Equivalent  Evaporations  The  amount  of  water  a  boiler  would  evaporate,  in  pounds 
per  hour,  if  it  received  feed  water  at  212  F  and  vaporized  it  at  the  same  temperature 
and  atmospheric  pressure. 

Estimated  Design  Load:  The  sum  of  the  heat  emission  of  the  equivalent  direct  radia- 
tion to  be  installed  plus  the  allowance  for  heat  loss  of  the  connecting  piping  plus  the 
heat  requirements  of  any  auxiliary  apparatus  connected  with  the  system, 

Estimated  Maximum  Load:  The  load  stated  in  Btu  per  hour  or  equivalent  direct 
radiation  that  has  been  estimated  to  be  the  greatest  or  maximum  load  that  the  boiler 
will  be  called  upon  to  carry, 

Extended  Heating  Surface;    See  Healing  Surface. 

Extended  Surface  Heating  Unit*  A  heating  unit  having  a  relatively  large  amount  of 
extended  surface  which  may  be  integral  with  the  core  containing  the  heating  medium  or 
assembled  over  such  a  core,  making  good  thermal  contact  by  pressure  or  by  being 
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soldered  to  the  core  or  by  both  pressure  and  soldering.  An  extended  surface  heating 
unit  is  usually  placed  within  an  enclosure  and  therefore  functions  as  a  convector. 

Fan  Furnace  System:    See  Warm  Air  Heating  System. 

Force:  The  action  on  a  body  which  tends  to  change  its  relative  condition  as  to  rest 
or  motion,  F  -  (WV)  -r  (gt). 

Free  Enthalpy:  A  thermodynamic  property  which  serves  as  a  measure  of  the  available 
energy  of  a  system  with  respect  to  surroundings  at  the  same  temperature  and  same 
pressure  as  that  of  the  system.  No  process  involving  an  increase  in  available  energy  can 
occur  spontaneously.  (See  example  on  Free  Enthalpy  in  Chapter  L) 

Fumes:  Particles  of  solid  matter  resulting  from  such  chemical  processes  as  combus- 
tion, explosion,  and  distillation,  ranging  from  0.1  to  1.0  micron  in  size. 

Furnace:  That  part  of  a  boiler  or  warm  air  heating  plant  in  which  combustion  takes 
place.  Also,  a  fire-pot. 

Furnace  Volume  (Total):  The  total  furnace  volume  for  horizontal-return  tubular 
boilers  and  water-tube  boilers  is  the  cubical  contents  of  the  furnace  between  the  grate 
and  the  first  plane  of  entry  into  or  between  tubes.  It  therefore  includes  the  volume 
behind  the  bridge  wall  as  in  ordinary  horizontal-return  tubular  boiler  settings,  unless 
manifestly  ineffective  (i.e.,  no  gas  flow  taking  place  through  it),  as  in  the  case  of  waste- 
heat  boilers  with  auxiliary  coal  furnaces,  where  one  part  of  the  furnace  is  put  of  action 
when  the  other  is  being  used.  For  Scotch  or  other  internally  fired  boilers  it  is  the  cubical 
contents, of  the  furnace,  flues  and  combustion  chamber,  up  to  the  plane  of  first  entry  into 
the  tubes.  (A.S.M.E.  Power  Test  Codes,  Series  1929.) 

Gage  Pressure:  Pressure  measured  from  atmospheric  pressure  as  a  base.  Gage 
pressure  may  be  indicated  by  a  manometer  which  has  one  leg  connected  to  the  pressure 
source  and  the  other  exposed  to  atmospheric  pressure. 

Grate  Area:  The  area  of  the  grate  surface,  measured  in  square  fe@t»  to  be  used  in 
estimating  the  rate  of  burning  fuel.  This  area  is  construed  to  mean  the  area  measured 
in  the  plane  of  the  top  surface  of  the  grate,  except  that  with  special  furnaces,  such  as 
those  having  magazine  feed,  or  special  shapes,  the  grate  area  shall  be  the  mean  area  of 
the  active  part  of  the  fuel  bed  taken  perpendicular  to  the  path  of  the  gases  through  it. 
For  furnaces  having  a  secondary  grate,  such  as  those  in  double-grate  down  draft  boilers, 
the  effective  area  shall  be  taken  as  the  area  of  the  upper  grate  plus  one-eighth  of  the  area 
of  the  lower  grate,  both  areas  being  estimated  as  previously  defined, 

Gravity  Warm  Air  Heating  System:    See  Warm  Air  Heating  System, 

Heat:  Heat  is  that  form  of  energy  which  transfers  from  one  system  to  a  second 
system  at  lower  temperature  by  virtue  of  the  temperature  difference,  when  the  two  are 
brought  into  communication. 

Heating  Medium:  A  substance  such  as  water,  steam,  air,  or  furnace  gas  used  to 
convey  heat  from  the  boiler,  furnace  or  other  source  of  heat  or  energy  to  the  heating 
unit  from  which  the  heat  is  dissipated. 


(or  extended 

from         _  w  w ..._, _.,w 

on  one  side  and  air  (or  extended  surface)  on  the  otiier.    (See  also  ffoiler  Heating  Surface.) 

Heat  of  the  Liquid:     This  can  usually  be  interpreted  as  the  specific  enthalpy  of 
saturated  liquid. 

Hot  Water  Heating  System:    A  heating  system  in  which  water  is  used  as  the  medium 
by  which  heat  is  carried  through  pipes  from  the  boiler  to  the  heating  units. 

Humid  Heat:    Ratio  of  increase  of  enthalpy  per  pound  of  dry  air  to  rise  of  tempera- 
ture under  conditions  of  constant  pressure  and  constant  humidity  ratio, 

Humidify:    To  add  water  vapor  to  the  atmosphere;  to  add  water  vapor  or  moisture 
to  any  material. 

Humidistat:    A  regulatory  device,  actuated  by  changes  in  humidity,  used  for  the  auto- 
matic control  of  relative  humidity. 
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pound  of  dry  air,  by  the  volume  of  the  mixture  per  pound  of  dry  air.  Relative  humidity 
is  the  ratio  of  the  partial  pressure  of  the  water  vapor  in  the  air  to  the  saturation  pressure 
of  pure  water  corresponding  to  the  actual  temperature.  (See  Chapter  L) 

Humidity  Ratio:  Weight  of  water  vapor  per  pound  of  dry  air.  (Formerly  called 
specific  humidity.) 

Hygrostat:    Same  as  Humidistat. 
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Inch  of  Water:  The  pressure  due  to  a  column  of  liquid  water  one  inch  high  at  a 
temperature  of  60  F. 

Insulation  (Heat):  A  material  having  a  relatively  high  heat-resistance  per  unit  of 
thickness. 

Isobaric:    An  adjective  used  to  indicate  a  change  taking  place  at  constant  pressure. 

Isothermal:  An  adjective  used  to  indicate  a  change  taking  place  at  constant  tem- 
perature. 

Latent  Heats  The  most  general  interpretation  is  heat  absorbed  at  constant  tem- 
perature. More  specifically  the  latent  heat  of  vaporization  is  the  difference  between  the 
specific  enthalpies  of  saturated  vapor  and  saturated  liquid  at  the  same  temperature 
(and,  for  a  pure  substance,  the  same  pressure).  Latent  heat  of  sublimation  is  the  dif- 
ference between  the  specific  enthalpies  of  saturated  vapor  and  saturated  solid  at  the 
same  temperature.  Latent  heat  offttsion  is  the  difference  between  the  specific  enthalpies 
of  saturated  liquid  and  saturated  solid  at  the  same  temperature. 

Laws  of  Thermodynamics:  The  Law  of  Conservation  of  Energy  states  that  energy,  in 
any  of  its  forms,  can  neither  be  created  nor  destroyed.  As  a  corollary  to  this,  the  First 
Law  of  Thermodynamics  states  that  in  any  power  cycle  or  refrigeration  cycle  the  net 
heat  absorbed  by  the  working  substance  is  exactly  equal  to  the  net  work  done.  The 
Second  Law  of  Thermodynamics  states  that  a  power  cycle  which  absorbs  heat  at  a  single 
temperature  and  converts  it  wholly  into  work,  as  required  by  the  First  Law,  is  impos- 
sible; hence  it  is  absolutely  necessary  to  reject  heat  at  some  lower  temperature  if  any 
work  is  to  be  done.  The  Second  Law  further  prescribes  the  least  <posHiblc  quantity  of 
heat  that  must  be  so  rejected  depending  on  the  two  temperatures  involved. 

Manometer;  An  instrument  for  measuring  pressures;  essentially  a  U-tube  partially 
filled  with  a  liquid,  usually  water,  mercury,  or  a  light  oil,  so  the  amount  of  displacement 
of  the  liquid  indicates  the  pressure  being  exerted  on  the  instrument. 

Mas*:  The  quantity  of  matter,  in  pounds,  to  which  the  unit  of  force  (one  pound) 
will  give  an  acceleration  of  one  foot  per  second  per  aeconcl,  m  »»  W  •*•  g. 

Mb,  Mbh:     Symbols  which  represent,  respectively,  1000  Btu  and  1000  Btu  per  hour. 

Mechanical  Equivalent  of  Heat:  The  conversion  factor  from  Btu  to  foot  pounds; 
J  «•  778.26  foot  pound**  per  Btu.  Thin  is  also  referred  to  as  Joule's  Equivalent. 

Micron;  A  unit  of  length,  the  thousandth  part  of  one  millimeter  or  the  millionth  of 
a  meter, 

Mol  (Pound  Mol)"  A  weight  in  pounds  numerically  equal  to  the  molecular  weight  of  a 
substance.  In  the  case  of  gases,  and  at  not  too  high  pressures,  the  volume  of  1  mol  is 
approximately  the  same  (for  any  gas  at  the  same  temperature  and  pressure,  At  32  F 
and  standard  atmospheric  pressure  this  volume  is  86o,65  cu  ft. 

One-Pipe  Supply  Rlicr  (Steam):  A  pipe  which  carries  steam  upward  to  a  heating 
unit  and  which  also  carries  the  condensation  from  the  heating-  unit  in  a  direction  opposite 
to  the  steam  flow, 

One-Pipe  System  (Hot  Water);  A  hot  water  system  in  which  the  water  flows  through 
more  than  one  heating  unit  before  it  returns  to  the  boiler;  consequently,  the  heating 
units  farthest  from  the  boiler  arc  supplied  with  cooler  water  than  those  near  the  boiler 
in  the  same  circuit. 

One-Pipe  Syitem  (Steam):  A  steam  heating  system  consisting  of  a  main  circuit  in 
which  the  steam  and  condenaate  flow  in  the  same  pipe,  usually  m  opposite  directions. 
Ordinarily  to  each  heating  unit  there  is  but  one  connection  which  must  serve  as  both 
the  supply  and  the  return,  although  separate  supply  and  return  connections  may  be  used. 

Overhead  System:  Any  steam  or  hot  water  system  in  which  the  supply  main  is  above 
the  heating  units,  With  a  steam  system  the  return  must  be^ below  the  heating  units; 
with  a  water  system ,  the  return  may  be  above  the  heating  units. 

Panel  Radiator:  A  heating  unit  placed  on  or  flush  with  a  Hat  wall  surface  and  in- 
tended to  function  essentially  as  a  radiator. 

Panel  Warming;  A  method  of  heating  involving;  the  installation  of  the  heating  units 
(pipe  coils)  within  the  wall,  floor  or  ceiling  of  the  room,  ao  that  the  heating  process  takes 
place  mainly  by  radiation  from  the  wall,  floor  or  ceiling  surfaces  to  the  objects  in  the 
room. 

Plenum  Chamber:  An  air  compartment  maintained  under  pressure  and  connected  to 
one  or  more  distributing  ducts, 

Potentiometer:   An  instrument  for  measuring  or  comparing  small  electromotive  forces. 

Power:  The  rate  of  performing  work;  usually  expressed  in  units  of  horsepower,  Btu 
per  hour,  or  watts. 
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Prime  Surface:    See  Heating  Surface. 

Psychrometer:  An  instrument  for  ascertaining  the  humidity  or  hygrometric  state  of 
the  atmosphere,  Psychrometric;  Pertaining  to  psychrometry  or  the  state  of  the  atmo- 
sphere as  to  moisture.  Psychrometry:  The  branch  of  physics  that  treats  of  the  measure- 
ment of  degree  of  moisture,  especially  the  moisture  mixed  with  the  air, 

Pyrometer:    An  instrument  for  measuring  high  temperatures, 

Radiation:    The  transmission  of  heat  through  space  by  wave  motion, 

Radiator:  A  heating  unit  exposed  to  view  within  the  room  or  space  to  be  heated.  A 
radiator  transfers  heat  by  radiation  to  objects  it  can  see  and  by  conduction  to  the  sur- 
rounding air  which  in  turn  is  circulated  by  natural  convection;  a  so-called  radiator  is  also 
&jonvector  but  the  single  term  radiator  has  been  established  by  long;  usage. 

Recessed  Radiator:    A  heating  unit  set  back  into  a  wall  recess  but  not  enclosed. 

Refrigerant:  A  substance  which  produces  a  refrigerating  effect  by  its  absorption  of 
heat  while  expanding  or  vaporizing. 

Relative  Humidity:     See  Humidity;  also  discussion  relative  humidity.  Chapter  1. 

Return  Mains:  The  pipes  which  return  the  heating  medium  from  the  heating  units  to 
the  source  of  heat  supply. 

Reversed-Return  System  (Hot  Water):  A  hot  water  heating  system  in  which  the  water 
from  several  heating  units  is  returned  along  paths  arranged  so  that  all  circuits  composing 
the  system  or  composing  a  major  sub-division  of  the  system  are  practically  of  equal 
length. 

Roof  Ventilator:    A  device  placed  on  the  roof  of  a  building  to  facilitate  egress  of  air. 

Saturated  Air:  A  mixture  of  dry  air  and  saturated  water  vapor,  all  at  the  same  dry- 
bulb  temperature.  It  may  also  be  considered  as  air  containing  the  maximum  possible 
amount  of  water  vapor  at  a  given  temperature  without  becoming  supersaturated. 

Saturation:  The  condition  for  coexistence  in  stable  equilibrium  of  two  or  more  distinct 
phases,  such  as  steam  over  the  water  from  which  it  is  being  generated, 

Saturation  Pressure:  The  saturation  pressure  for  a  pure  subHtanou  for  any  given 
temperature  is  that  pressure  at  which  vapor  and  liquid  or  vapor  and  solid  can  coexist 
in  stable  equilibrium. 

Sensible  Heat:     Heat  which  manifests  itself  by  temperature  change, 

Smoke:  Carbon  or  soot  particles  less  than  0.1  micron  in  size  which  result  from  the 
incomplete  combustion  of  carbonaceous  materials  such  as  coal,  oil,  tar,  and  tobacco. 

Smokeless  Arch:  An  inverted  baffle  placed  in  an  up-clraft  furnace  toward  the  rear 
to  aid  in  mixing  the  gases  of  combustion  and  thereby  to  reduce  the  smoke  produced. 

Specific  Enthalpy:  The  ratio  of  total  enthalpy  to  total  weight,  The  specific  enthalpy 
of  air  is  its  enthalpy,  Btu  per  pound,  measured  above  0  F  and  29,921  in.  Hg  as  a  reference 
point.  The  specific  enthalpy  of  water  is  its  enthalpy,  Btu  per  pound,  measured  from  the 
reference  point  of  saturated  liquid  at  32  F,  (See  Enthalpy,) 

Specific  Gravity:  The  ratio  of  the  weight  of  a  body^to  the  weight  of  an  equal  volume 
of  water  at  some  standard  temperature,  usually  39.2  F. 

Specific  Heat:  The  ratio  of  heat  absorbed  per  unit  weight  of  subntance  to  temperature 
rise.  For  gases,  both  specific  heat  at  constant  pressure,  <ip,  and  specific  heat  at  constant 
volume,  cv,  are  frequently  given.  In  air  conditioning,  c{)  is  usually  used, 

Specific  Volume:  The  volume,  expressed  in  cubic  feet,  of  one  pound  of  a  substance. 
v  =  l~d=V+W. 

Split  System:  A  system  in  which  the  heating  and  ventilating  are  accomplished  by 
means  of  radiators  or  convectors  supplemented  by  mechanical  circulation  of  air  (heated 
•or  unheated)  from  a  central  point. 

^  Square  Foot  of  Heating  Surface  (Equivalent):  Equivalent  Direct  Radiation  (EDR), 
That  amount  of  heating  surface  which  will  give  of!  240  Btu  per  hour.  The  equivalent 
-square  feet  of  heating  surface  may  have  no  direct  relation  to  the  actual  surface  area. 

Stack  Height:  The  height  of  a  gravity  convector  between  the  bottom  of  the  heating 
unit  and  the  top  of  the  outlet  opening. 

Standard  Air:  Air  weighing  0.07488  Ib  per  cubic  foot,  which  ia  air  at  68  F  dry-bulb 
and  50  per  cent  relative  humidity  with  a  barometric  pressure  of  29,92  in.  of  mercury, 
(Most  engineering  tables  and  formulae  involving  the  weight  of  air  are  based  on  air 
weighing  0.07492  Ib  per  cubic  foot,  which  is  dry  air  at  70  F  dry-bulb  with  a  barometric 
pressure  of  29.921  in._  of  mercury.  The  error  involved  in  disregarding  the  difference 
between  these  two  weights  is  very  slight  and  in  most  instances  may  be  neglected.) 

Static  Pressure:  The  normal  force  per  unit  area  that  would  be  exertckd  by  a  moving 
fluid  on  a  small  body  immersed  in  it  if  the  body  were  carried  along  with  the  fluid,  Practi- 
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cally,  it  is  the  normal  force  per  unit  area  at  a  small  hole  in  a  wall  of  the  duct  through 
which  the  fluid  flows  (piezometer)  or  on  the  surface  of  a  stationary  tube  at  a  point  where 
the  disturbances  created  by  inserting  the  tube  cancel.  It  is  supposed  that  the  thcrmo- 
dynamic  properties  of  a  moving;  fluid  depend  on  static  pressure  in  exactly  the  same 
manner  as  those  of  the  same  fluid  at  rest  depend  upon  its  uniform  hydrostatic  pressure, 

Steam;  Water  in  the  vapor  phase,  Dry  Saturated  Steam  is  steam  at  the  saturation 
temperature  corresponding  to  the  pressure,  and  containing  no  water  in  suspension,  Wd 
Maturated  Steam  is  steam  at  the  saturation  temperature  corresponding  to  the  pressure, 
and  containing  water  particles  in  suspension.  Superheated  Steam  is  steam  at  a  tem- 
perature higher  than  the  saturation  temperature  corresponding  to  the  pressure, 

Steam  Heating  System:  A  heating  system  in  which  heat  is  transferred  from  the  boiler 
or  other  source  of  steam  to  the  heating  units  by  means  of  steam  at,  above,  or  below 
atmospheric  pressure, 

Steam  Trap:  A  device  for  allowing  the  passage  of  condensate  and  preventing  the 
passage  of  steam,  or  for  allowing  the  passage  of  air  as  well  as  condensate, 

Superheated  Steam:    See  Steam. 

Supply  Mains  (Steam):  The  pipes  through  which  the  steam  flows  from  the  boiler  or 
source  of  supply  to  the  run-outs  and  risers  leading  to  the  heating  units. 

Surface  Conductance;  The  amount  of  heat  (Btu)  transmitted  by  radiation,  conduc- 
tion, and  convection/fom  a  surface  to  the  air  or  liquid  surrounding  it,  or  vice  versa,  in  one 
hour  per  square  foot  of  surface  for  a  difference  in  temperature  of  1  de&  between  the 
surface  and  the  surrounding  air  or  liquid, 

Therm;     100,000  Btu.    (Used  in  the  gas  industry,) 

Thermal  Resistance:    The  reciprocal  of  conductance. 

Thermal  Resistivity:    The  reciprocal  of  conductivity. 

Thermostat:  An  instrument  which  responds  to  changes  in  temperature  and  which 
directly  or  indirectly  controls  the  source  of  heat  supply. 

Ton  of  Refrigeration:    The  removal  of  12,000  Btu  of  heat  per  hour  at  a  low  temperature, 

Ton  Day  of  Refrigeration:    The  removal  of  288,000  Btu  of  heat  at  a  low  temperature. 

Total  Heat:  This  can  usually  be  interpreted  JIH  increase  of  enthalpy  at  constant 
pressure.  It  Is  often  regarded  as  Htiynonymous  with  enthalpy, 

Total  Pressure:  In  the  theory  of  the  flow  of  fluids;  the  sum  of  the  static  pressure 
and  the  velocity  pressure  at  the  point  of  measurement, 

Tube  (or  Tubular)  Radiator:  A  cast-iron  heating  unit  used  as  a  radiator  and  having 
small  vertical  tubes. 

Two-Pipe  System  (Steam  or  Wat&r):  A  heating  system  in  which  one  pipe  is  used  for 
the  supply  of  the  heating  medium  to  the  heating  unit  arid  another  for  the  return  of  the 
heating  medium  to  the  source  of  heat  supply.  The  essential  feature  of  a  two-pipe 
system  is  that  each  heating  unit  receives  a  direct  supply  of  the  heating  medium  which 
medium  cannot  have  served  a  preceding  heating  unit. 

Underfeed  Distribution  System  (Hot  Water}:  A  hot  water  heating  system  in  which  the 
main  flow  pipe  is  below  the  heating  unit. 

Underfeed  Stoker;    A  stoker  which  feeds  the  coal  underneath  the  fuel  bed, 

Unlti  As  applied  to  heating,  ventilating  and  air  conditioning  equipment  thi«  word 
means  a  factory-built  and  assembled  equipment  with  apparatus  for  accomplishing  some 
specified  function  or  combination  of  functions,  (See  Chapters  21  and  22.J 

It  is  loosely  applied  to  a  great  variety  of  equipment.  Usually  the  function  is  included 
in  the  name,  and  hence  come  terms  like  Unit  Heater,  Unit  Ventilator,  Humidifying 
Unit,  and  Air  Conditioning  Unit, 

Units  are  said  to  be  direct  or  room,  when  intended  for  location,  or  located  in,  the 
treated  space;  indirect  or  remote^  when  outside  or  adjacent  to  the  treated  space.  They 
are  ceiling  units  when  suspended  from  above,  and  floor  when  supported  from  below, 
Other  descriptive  words  include  free  delivery  when  the  unit  is  not  intended  to  be  attached 
to  ducts  or  similar  rcsistance-p'roducmK  devices,  and  pressure  when  for  u«e  with  such 
ducts.  Complete  description  require**  the  use  of  several  of  these  qualifying  wprds  or 
phrases.  (See  Chapter  22,) 

Up-Feed  System  (Steam):  A  steam  heating:  system  in  which  the  supply  mains  are 
below  the  level  of  the  heating  units  which  they  nerve. 

Vacuum  Heating  System;  A  two-pipe  steam  heating  system  equipped  with  the  neces- 
sary accessory  apparatus  which  will  permit  operating  the  system  below  atmospheric 
pressure  when  desired. 

Vapor:    Any  substance  in  the  gaseous  state. 
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Vapor  Heating  System:  A  steam  heating  system  which  operates  under  pressures  at 
or  near  atmospheric  and  which  returns  the  condensation  to  the  boiler  or  receiver  by 
gravity.  Vapor  systems  have  thermostatic  traps  or  other  means  of  resistance  on  the 
return  ends  of  the  heating  units  for  preventing  steam  from  entering  the  return  mains; 
they  also  have  a  pressure-equalizing  and  air-eliminating  device  at  the  end  of  the  dry 
return.  Direct  Vent  Vafor  System:  A  vapor  heating  system  with  air  valves  which  do 
not  permit  re-entry  of  air. 

Vapor  Pressure:    Synonymous  with  saturation  pressure  in  the  case  of  a  pure  substance. 

Velocity:    The  time  rate  of  motion  of  a  body  in  a  fixed  direction.    In  the  fps  system 

it  is  expressed  in  units  of  one  foot  per  second.     !/«»«-. 

Velocity  Pressure:  The  difference  due  to  velocity  between  total  pressure  and  static 
pressure.  It  is  supposed  to  equal  the  kinetic  energy  per  unit  volume  of  the  fluid  at  the 
point  of  measurement. 

Ventilation;  The  process  of  supplying  or  removing  air  by  natural  or^  mechanical 
means,  to  or  from  any  space.  Such  air  may  or  may  not  have  been  conditioned*  (See 
Air  Conditioning.) 

Warm  Air  Heating  System:  A  warm  air  heating  plant  consists  of  a  heating  unit 
(fuel-burning  furnace)  enclosed  in  a  casing,  from  which  the  heated  air  is  distributed  to 
the  various  rooms  of  the  building  through  ducts.  If  the(motive  head  producing  flow 
depends  on  the  difference  in  weight  between  the  heated  air  leaving  the  casing  and  the 
cooler  air  entering  the  bottom  of  the  casing,  it  is  termed  a  gravity  system.  A  booster 
fan  may,  however,  be  used  in  conjunction  with  a  gravity-designed  system.  If  a  fan  is 
used  to  produce  circulation  and  the  system  is  designed  especially  for  fan  circulation,  it  is 
termed  a,  fan  furnace  system  or  a  central  fan  furnace  system,  A  fan  furnace  system  may 
include  air  washers  and  filters. 

Wet-Bulb  Temperature:  Thermodynamic  wet-bulb  temperature  is  the  temperature  at 
which  liquid  or  solid  water,  by  evaporating  into  air,  can  bring  the  air  to  saturation 
adiabatically  at  the  same  temperature.  Wet-bulb  temperature  (without  qualification)  is 
the  temperature  indicated  by  a  wet-bulb  psychrometer  constructed  and  used  according  to 
specifications.  (A.S.M.E.  Power  Test  Codes,  Series  1932,  Instruments  and  Apparatus, 
Part  18.) 

Wet  Return:  That  part  of  a  return  main  of  a  steam  heating  system  which  is  filled 
with  water  of  condensation.  The  wet  return  usually  is  below  the  level  of  the  water  line 
in  the  boiler,  although  not  necessarily  so.  (See  Dry  Return.} 

ABBREVIATIONS1 

Absolute , „ „„ »«..«.«,..«a,b6 

Acceleration,  due  to  gravity .„.„„„ g 

Acceleration,  linear.- , .„.,„,«.. a 

Air  horsepower „ , „...«..„.„»„«,,.„.„,„.. ..air  hp 

Alternating-current  (as  adjective) „,„„. a-c 

Ampere .....,»..„... ......... ...„..„,,  H.&nip 

Ampere-hour... , ..............amp-hr 

Area... „ „„,., „...„ mwiuA, 

Atmosphere — „.„„.„ L..atm 

Average „ avff 

Avoirdupois „ .„...,„.....„. avdp 

Barometer... .  bar. 

Boiler  pressure „ „„„ bp 

Boiling  point— „ „ „ „......„.. .....bp 

Brake  horsepower JlZ1171"1)hp 

Brake  horsepower-hour ..............bhp-hr 

British  thermal  unit ...„,,"..""". Btu 

Calorie «...„..  ..."1.1""""' cal 

Centigram .....irrZIIZZZZIlcg 

Centimeter , l..l,,llllllTr.T"cm 


iFrom  compilations  of  abbreviations  approved  by  the  American  Standards  Association,  Z,  10  a,  c,  f,  and 
As  a  general  rule,  the  period  is  omitted  in  all  abbreviations  except  where  the  omission  results  in  the 
formation  of  an  English  word. 
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Centimeter-gram-second  (system) . cgs 

Change  in  specific  volume  during  vaporization ....... % 

Cubic » , cu 

Cubic  foot «cu  ft 

Cubic  feet  per  minute . . cfm 

Cubic  feet  per  second cfs 

Decibel.-- 1.1 ". .", db 

Degree2.™ deg  or  ° 

Degree  centigrade . C 

Degree  Fahrenheit , -F 

Degree  Kelvin „ . - .....H...K 

Degree  R6aumur , , R 

Density,  Weight  per  unit  volume,  Specific  weight d  or  p  (rho) 


Diameter...... , * , . D  or 

Direct-current  (as  adjective) ........................ d-c 

Distance,  linear.., ... „ ., ,.5 

Dry  saturated  vapor,  Dry  saturated  gas  at  saturation  pressure  and  temperature, 

vapor  in  contact  with  liquid.... *.»m»»SubscTipt  a 

Entropy.   (The  capital  should  be  used  for  any  weight,  and  tlae  small  letter  for  unit 

weight) » P. ,..$  or  s 

Feet  per  minute . .,...„....„„„...,.„...... fpm 

Feet  per  second..... . fps 

Foot.. ., . «»ft 

Foot-pound ........... .........................................ft-lb 

Foot-pound-second  (system),.. . ...........fps 

Force,  total  load .................... .....................F 

Freezing  point — fp 

Gallon... « ., gal 

Gallons  per  minute .....gpm 

Gallons  per  second......... — ......................gpa 

Gram....................... -  .  ,  ..  ,. g 

Gram-calorie. .............. ........................i.. ....... .g-*cft  I 

Head. . .. ............ ......................... . II  or  k 

Heat  content,  Total  heat.  Enthalpy-    (The  capital  should  be  used  for  any  weight 

and  the  small  letter  for  unit  weight)....... ...» JJ  or  h 

Heat  content  of  saturated  liquid,  Total  heat  of  saturated  liquid,  Enthalpy  of 

saturated  liquid,  sometimes  called  heat  of  the  liquid h 

Heat  content  of  dry  saturated  vapor,  Total  heat  of  dry  saturated  vapor,  Enthalpy 

of  dry  saturated  vapor.... „ .......................................... .,/% 

Heat  of  vaporization  at  constant  pressure..............................*....................... ......£  or  /zfg 

Horsepower..,,..... .... .... ...hp 

Horsepower-hour .............hp-hr 

Hour...,.,,,,, „.. . , ...  hr 

Inch........... ....„,  „.,.,,.,.,..,. in, 

Inch-pound... ......„*.....,,.........„... .....In.-lb 

Indicated  horsepower,,,.,......-..,... ........... ............ ........ihp 

Indicated  horsepower-hour.., ................................ .....ihp-hr 

Internal  energy,  Intrinsic  energy-   (The  capital  should  be  used  for  any  weight  and 

the  smauletter  for  unit  weight)............. ............ .......... ....... 17  or  u 

Kilogram.... *...»..... ...,*..... ....b... .kg 

Kilowatt....- * ...........................kw 

Kilowatthour kwhr 

Length  of  path  of  heat  flow,  thickness........................... .........X 

Load,  total... ...W 

Mass .mass 

Mechanical  efficiency................. ...................„..........................»..»..............*..... ...........£m 

Mechanical  equivalent  of  heat ...............,...</ 

Melting  point ..................,......mp 

Meter * „ m 

*It  is  recommended  that  the  abbreviation  for  the  temperature  «oda»  F,  C,  K,  be  Included  in  ewrewlowi 
for  numerical  temperatures  but,  wherever  feasible,  the  abbreviations  for  msree  be  omitted;  tis  08  F. 
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Thermal  transmission  (heat  transferred  per  unit  time) 


Thermal  resistance  (degrees  per  unit  of  heat  transferred  per  unit  time) 


Thermal  resistivity  ..........................................................................................  .  .......................  1/& 

Vaporization  values  at  constant  pressure,  Differences  between  values  for  saturated 

vapor  and  saturated  liquid  at  the  same  pressure  ..........................................  Subscript  f  g 

Velocity  ..............................................................................................................................  .  .........  V 

Volume  (total)  ............................................................................................................................  V 

Volume  per  unit  time,  Rate  at  which  quantity  of  material  passes  through  a 

machine,  Quantity  of  heat  per  unit  time,  Quantity  of  heat  per  unit  weight....  ........  q 

Watt  ....................  .  .......................................................................................................................  w 

Watthour  ____  ......................................................................................................  .  .........  ...  ..........  whr 

Weight  of  a  major  item,  Total  weight  ..................................................................................  W 

Weight  rate.  Weight  per  unit  of  power,  Weight  per  unit  of  time  ......................................  w 

Work  (total)  .......  ........  ...........  .  .....  ...  .................  !  .....  *  ................................  .  ..............................  W 


Heat,  Power  and  Work 

1  ton  refrigeration 
Latent  heat  of  ice 

1  Btu 

1  watthuur 

1  kilowatt  hour 

1  kilowatt  (1000  watts) 

1000  mean  calorie  \ 
1  kilogram  calorie  / 

1  horsepower 

I  boiler  horsepower 
Weight  and  Volume 

1  gal  (U,  S.) 

1  British  or  Imperial  gallon 

1  cu  ft 

1  cu  ft  water  at  60  F 
1  cu  ft  water  at  212  F 

1  gal  water  at  60  F 
1  gal  water  at  212  F 

1  ib  (avdp) 

1  bushel 
1  short  ton 


CONVERSION  EQUATIONS 


/  12,000  Btu  per  hour 
338  \  200  Btu  per  minute 
m  14,3,4  Btu  per  pound 

f  778,26  ft-lb 
«*     0,293  whr 

[  252  mean  calorics 

2,055  ft-lb 
.„     3,413  Btu 
"    1  3600  joules 
I  860  mean  calories 

3,413  Btu 

«  \  3.617  Ib  water  evaporated  from 
[         and  at  212  F 

1,341  hp 

»  |  56,88  Btu  per  minute 
(  44,253  ft-lb  per  minute 
3,969  Btu 
3087  ft-lb 
1,1627  whr 
f  0.746  kw 

42,42  Btu  per  minute 
33,000  ft-lb  per  minute 
550  ft-lb  per  second 
/  33,475  Btu  per  hour 
lij  \  9,808  kw 

J231  cum. 
*"  \0.1387cuft 
-=  277.42  cu  in, 
.r  /  7,48  ^al 

\  1728'euin. 

-  (52,37  Ib 
'»  59.83  Ib 

-  8.34  ib 

-  7.998  Ib 
m  I  16  ox 

\  7000  grain** 

-  l,244cuft 

-  2000  Ib 
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Pressure 

1  Ib  per  square  inch  a 

1  02  per  square  inch  a 

I  atmosphere  a 

1  in.  water  at  62  F 
1  ft  water  at  62  F 

1  in.  mercury  at  62  F  B 

Metric  Units 

1  cm 

1  in. 

1m 

1ft 

1  sq  cm  ' 

1  sq  in.  * 

1  sq  m  ! 

1  sq  ft 

1  cu  cm  ' 

1  cu  in.  ! 

1  cu  m  ! 

1  cu  ft 

1  liter 

1kg 

lib 

1  metric  ton  ! 

1  gram  ! 

1  kilometer  per  hour  - 

I  gram  per  square  centimeter  ! 

1  kg  per  sq  cm  (metric  atmosphere)  ! 

1  gram  per  cubic  centimeter  < 

1  dyne  ' 

1  joule  > 

1  metric  horsepower  « 

1  kilogram-calorie  per  kilogram 

1  gram-calorie  per  square  centimeter 

1  gram-calorie  per  square  centimeter  per  centimeter  • 

1  gram-calorie  per  second  per  square  centimeter 

for  a  temperature  gradient  of  1  deg  C  per  centi-   ! 

meter. 
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f  144  Ib  per  square  foot 
2.0421  in.  mercury  at  62  F 

1  2,309  ft  water  at  62  F 

I  27.71  in,  water  at  62  F 
0.1276  in.  mercury  at  62  F 
1.732  in.  water  at  62  F 
14.6969  Ib  per  square  inch 
2117  Ib  per  square  foot 
33.9  ft  water  at  62  F 
30  in,  mercury  at  62  F 
29.921  in,  mercury  at  32  F 

f  0.03609  Ib  per  square^  inch 

{  0,5774  oz  per  square  inch 

[  5,196  Ib  per  square  foot 

/  0.433  Ib  per  square  inch 

\  62.35  Ib  per  square  foot 

f  0.491  Ib  per  square  inch 

I  7,84  oz  per  square  inch 
'  1  1.131  ft  water  at  62  F 

i  13.58  in.  water  at  62  F 

•  0.3937  in. 
2.540  cm 

•  3.281  ft 

•  0,3048  m 

s  0.155  sq  in. 

•  6.452  aq  cm 
i  10.76  sq  ft 

•  0.0929  sq  m 

•  0.06102  cu  in. 
«  16,39  cu  cm 

•  35,31  cu  ft 

•  0.02831  cu  m 

•  1000  cu  cm  «  0.2642  gal 

•  2.205  Ib  (avdp) 

•  0.4536  kg 

«  2205  Ib  (avdp) 

»  0.002205  Ib  (avclp) 

»  0,6214  mph 

f  0.02905  in,  mercury  at  62  F 
\  0,3944  in,  water  at  62  F 

•  14.22  Ib  per  square  inch 

t  [  0,03613  ib  per  cubic  inch 

\  62.43  Ib  per  cubic  foot 
«  0,00007233  poundals 

[10,000,000  ergs 

•  \  0,7376  ft-lb 

/  75  kg-rn  per  second 
3  \  0,986  hp  (U.  S.) 
«  1.8  Btu  per  pound 

•  3.687  Btu  per  "square  foot 

•  1.452  Btu  per  sq  ft  per  inch 

(  2903  Btu  per  hour  per  square 

=  •!  foot  for  a  temperature  gradient 

{  of  1  deg  F  per  inch  of  thickness. 
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GRAPHICAL  SYMBOLS  FOR  DRAWINGS 

HEATING 

1.  High  Pressure  Steam  #— 

2.  Medium  Pressure  Steam  '*•*- 

3.  Low  Pressure  Steam  

4.  High  Pressure  Return  #~ 

5.  Medium  Pressure  Return  *— 

6.  Low  Pressure  Return  

7.  Boiler  Blow  Off  

8.  Condensate  or  Vacuum  Pump  Discharge  — °- 

9.  Feed  water  Pump  Discharge  — °°- 

10.  Make  Up  Water 

11.  Air  Relief  Line 

12.  Fuel  Oil  Flow  FOF- 

13.  Fuel  Oil  Return  FOR- 

14.  Fuel  Oil  Tank  Vent  FOV- 

15.  Compressed  Air -A — 

16.  Hot  Water  Heating  Supply  

17.  Hot  Water  Heating  Return  

AIR  CONDITIONING 

IB.  Refrigerant  Discharge  RD  — 

19.  Refrigerant  Suction —RS— 

20.  Condenser  Water  Flow  c— 

21.  Condenser  Water  Return  CR— 

22.  Circulating  Chilled  or  Hot  Water  Flow  CH- 

23.  Circulating  Chilled  or  Hot  Water  Return  CHR- 

24.  Make  Up  Water  

26.  Humklification  Line  H — 

26.  Drain  o — 

27.  Brine  Supply 


28,  Brine  Return  BR- 


PLUMBING 

29.  Soil,  Waste  or  Leader  (Above  Grade) 

30.  Soil,  Waste  or  Leader  (Below  Grade) 

31.  Vent 

32.  Cold  Water 

33.  Hot  Water 

34.  Hot  Water  Return 

35.  Fire  Line 

36.  Gas 

37.  Acid  Waste 

38.  Drinking  Water  Flow 
30.  Drinking  Water  Return 

40.  Vacuum  Cleaning 

41.  Compressed  Air 


SPRINICLERS 

42.  Main  Supplies 
43*  Branch  and  Head 
44.  Drain 
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GRAPHICAL  SYMBOLS  FOR  DRAWINGS 

45.  Duct  (1st  Figure,  Width;  2nd,  Depth) 

46.  Direction  of  Flow 

47.  Inclined  Drop  in  Respect  to  Air  Flow 
4S,  Inclined  Rise  in  Respect  to  Air  Flow 

49.  Supply  Duct:  Section 

50.  Exhaust  Duct  Section 

51.  Recirculation  Duct  Section 

52.  Fresh  Air  Duct  Section 

53.  Other  Duct  Sections 

54.  Register 

55.  Grille 

56.  Supply  Outlet 

57.  Exhaust  Inlet 

58.  Top  Register  or  Grille 

59.  Center  Register  or  Grille 

60.  Bottom  Register  or  Grille 

61.  Top  and  Bottom  Register  or  Grille 

62.  Ceiling  Register  or  Grille 

63.  Louver  Opening 

64.  Adjustable  Plaque 


Ductwork 


12*20 


JLJE; 


R 
6 


TRJ20 */2 -  700 C/>? 
T6   20*12- 700 cfm 

CR, 20*12 -700  cfm 
C6  20*/2-700cfm 


B6  20*12—  700cfm 

TagR  20*/2-  &QI,  700  cfm 
T&B6  Zflx/^-eo',  700  cfm 

20  x  /2  -  7W  Cf/77 
!C6  20*12-700 cfm 


j^ij, 


{V-tO^OOcfm 
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GRAPHICAL  SYMBOLS  FOR  DRAWINGS 


Ductwork 


65.  Volume  Damper 


-Plan 


Etev. 


00,  Deflecting  Damper 


67.  Deflecting  Damper,  Up 


68.  Deflecting  Damper,  Down 


09.  Adjustable  Blank  Off 


70.  Turning  VuncB 


71.  Automatic  Dampers 


\ 


^_«u 


72,  Canvas  Connections 


1 

'* 

sstssi 

73.  Fan  and  Motor  With  Guard 


74.  Intake  Louvers  and  Screen 
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GRAPHICAL  SYMBOLS  FOR  DRAWINGS 

75.  Heat  Transfer  Surface,  Plan 

76.  Wall  Radiator,  Plan 

77.  Wall  Radiator  on  Ceiling,  Plan 

78.  Unit  Heater  (Propeller),  Plan 

79.  Unit  Heater  (Centrifugal  Fan),  Plan 

80.  Unit  Ventilator,  Plan 

TRAPS 

81.  Thermostatic 

82.  Blast  Thermostatic 

83.  Float  and  Thermostatic 

84.  Float 

85.  Boiler  Return 

VALVES 

86.  Reducing  Pressure 

87.  Air  Line 

88.  Lock  and  Shield 

89.  Diaphragm 

90.  Air  Eliminator 

91.  Strainer 

92.  Thermometer 

93.  Thermostat 


Heating  and  Ventilating 


j i 


•e- 
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TABLE  1.    SPECIFIC  HEAT  OF  SOLIDS 


TABLE  2,   SPECIFIC  HEAT  OF  LIQUIDS 


MATERIALS 

TKMPMRATUR.E  F 

SPECIFIC  HBAT 

AUTHORITY 

Alloya 
Brass*  Red,  ,  

it2 

0  0890 

S 

Brass,  Yellow,.....,.             
Brotue  (80CX  20,V«),  ...  .  .  . 

Monel  Metal  . 
Aluminum  
Asbestos....  , 

82 
57-208 
08-2370 
80-212 
ti8-<208 

0.0883 
0.0862 
0.127 
0.212 
0  195 

S 
S 

S 

S 

S 

Brickwork  ,, 

0  195 

Carbon  (Graphite)  .  „  ,                         ['. 

Coal  

104-1037 

0.314 
0  278 

H 

Coke  ... 

""•••  «• 

0  201 

H 

Concrete,.-....  . 
Copper.,..,,.  ,, 

(IJ4-212  """ 

0.270 
0  0928 

II 
S 

Fire  Clay  Brick..........  ..  " 
Gto 
Crown  , 
Flint  

Gold  

77-1832 

50-122 
50-122 
fj4 

0.258 

0.161 
0.117 
0  0312 

I 

S 
S 

V{ 

Gypsum  ...    ,  , 

0  259 

H 

Icf.  .....   ... 

32 

0  487 

S 

Ice  ,,..  ,    , 

—  40 

0  434 

S 

Iron,  Pur*,.  „,.„    ,  ,  ,    , 

32 

0.1043 

S 

Iron,  Pure  
Iron,  Cast,.,.,,       ,          
Iron,  Wrought  ,  
I^ead  .    , 

82-600 
68-212 
50-212 
82 

0.127 
0,1189 
0.1152 
0  0297 

M 
H 

H 
S 

Nickel,,.,.,,.,,,,,  ,. 

32 

0  1032 

S 

Masonry.,  „.,..  

0.2159 

H 

Plaitcr..............  „  .    , 

0.2 

H 

Platinum,.,,..,,  

58-212 

0.0319 

S 

RoekB 
Gtutlm  ,,    , 
Granite  ..........     
Limestone!..  „,.,,,„, 

«3-2lO 

54-212 
50-212 

0,100 
0,192 
0,210 

8 

S 
S 

Marble 

32-212 

0  21 

S 

Sandstone...,,,.......,,,              .  . 

0,22 

S 

Silver...,.,  ,  ,    

32 

0  06*80 

S 

Steel  ,    .. 

0  1175 

H 

Sulphur,,,,,,....         , 

240-820 

0  220 

K 

Silica  Brick.H.........  .. 

77-1882 

0.203 

I 

Tin  ..,...„..,..,,.,.„, 

77 

0,0548 

S 

Woods  (Average),,      
Zlno...     ., 

08 
32 

0,327 
0.0013 

S 

S 

LIQUID 

TEMPERATURE  F 

SPECIFIC  HEAT 

AUTHORITY 

Alcohol,  Ethyl,......,,,, 

32 

0,548 

S 

Alcohol  Methyl-....  „ 
Glycerine?,,,.,  „.,,.,»,,  ,  ..,  ,    . 

59-68 

59-122 

0.001 
0,576 

S 
S 

Lead  (Molten),  ,...,,  ,  .    ,.  .      ,    , 

360 

0,04  i 

H 

Mercury,,,...,.,,,,™.,,,  

68 

0,03325 

S 

Petroleum,.,  .,    ,,  , 

70-136 

0  511 

S 

Sea  Water 
Sp.  Gr.  1.0043...............  
Sp.  Cr,  I,0403........i.M,..  ,..„„.  

64 
(54 

0,980 
0,903 

S 
S 

Water..........................   ..,.„....  ,  ......  ., 

69 

1.000 

S 

TABLE  3,   SPECIFIC  HEAT  OF  GASES  AND  VAPORS 


SUBSTANCE 

T&MPKRATURIii 

K 

SPECIFIC  HBAT 
AT  CONSTANT 
PRESSURE; 

RATIO  OF 

SPECIFIC  HEAT 
Cp/Cv 

SPECIFIC  HEAT 
AT  CONSTANT 

VOLUMtt 
(COMPUTKD) 

AUTHORITY 

Air.......  ,    , 

32-392 

0,2375 

1,405 

0,1  no 

S 

AtnftionifL...  .  ,  <      .       4.  ,, 

80-392 

0,5356 

1.277 

0,419 

S 

Carbon  Dioxide...  

Carbon  Monoxide,....,,  ,  ,. 

52-417 
79-388 

0.2169 
0,2426 

1,3003 

1,305 

0,1(508 
0,1730 

S 
S 

Coal  Gat.....  »„,,,  ,  ,. 

(18-1900 

0,3145 

S 

Flue  Gat,»....,,    ..,,,.  ... 

0,24  (ADDrox.1) 
u.4«  ^Approx,; 

H 

Hydrogen...  ,,,,,.    ,  , 

70-212 

1.419 

2.402 

S 

Nitrogen, 

32-392 

0,2438 

1,41 

0,1729 

S 

C)xyKen,,  „.,.,.,..,  ..   .,,,.*  »  , 

55-404 

0,2175 

1,3077 

0,155 

S 

Water  Vapor..  ...„.,,  

'Jil'Ji 

0,421 

1.305 

0.322 

S 

Water  Vapor............  

350 

0,51 

S 

' 

NOTES:  When  one  temperature  ia  given  the  true  ipeeilk  heat  is  given,  otherwlie  the  value  is  the  mean 
specific  heat  between  the  given  limlto, 

' 


S—  Smlthionlan  Physical  Tables,  1933;  I—  International  Critical  Tables;  H—  'Hflittnt, 
Ventilation  and  Air  Conditioning,  by  L.  A.  Harding  and  A.  C.  Willard;  M—  Engineers'  Handbook,  by 
Lionel  S,  Marks, 
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TABLE  4.    CIRCUMFERENCES  AND  AREAS  OF  CIRCLES 


DlAMBTBft 
IN 

INCHES 

AREA 

CmCUMFJinHNCB 

DtAMETEH 
IN 

INCHES 

AlU'U 

CittcuuriuBNcn 

Sqln. 

SqFt 

Inches 

Foot 

Sq  In. 

8q  Ft 

Inches 

Feet 

* 

0,049 

0,0003 

0.785 

0.0652 

28 

615.8 

4,276 

87,97 

7,330 

i^ 

0.196 

0.0014 

1.571 

0.1309 

637.9 

4.430 

89,54 

7,462 

a/ 

0.442 

0.0031 

2.356 

0.1964 

29  *" 

660,52 

4.587 

91,11 

7.592 

1 

0.785 

0.0054 

3.142 

0,2618 

29H 

683,5 

4,747 

92,63 

7,725 

Jl^ 

1.227 

0.0085 

3.927 

0.3273 

30 

706,8 

4.909 

94,25 

7.854 

1J^ 

1.767 

0.0123 

4.712 

0.3927 

31 

754.8 

S.241 

97.39 

8.116 

154! 

2.405 

0.0167 

5.498 

0.4582 

32 

804.3 

5.585 

100.5 

8.378 

2 

3.142 

0.0218 

6,283 

0,5236 

33 

855.3 

5,940 

103,7 

8,639 

2K 

3.976 

0.0276 

7.069 

0,5891 

34 

907.9 

6,305 

106.8 

8.901 

2VS 

4.909 

0.0341 

7.854 

0.6546 

35 

962.1 

6.681 

109.9 

9.163 

2% 

5.939 

0.0412 

8.639 

0.7200 

36 

1018.0 

7,060 

113,1 

9.42S 

3 

7,069 

0.0491 

9.425 

0,7854 

37 

1075.0 

7.467 

116,2 

9,686 

3M 

8.296 

0.0576 

10.21 

0,8510 

38 

1134.0 

7.876 

119,4 

9.948 

3M 

9,621 

0,0668 

10.99 

0,9160 

39 

1195.0 

8,296 

122,5 

10.21 

39^ 

11,04 

0.0767 

11.78 

0,9818 

40 

1256,0 

8,727 

125.0 

10.47 

4 

12.57 

0.0873 

12.57 

1,047 

41 

1320.0 

9,168 

12ft.  R 

10.73 

4M 

14.19 

0.0986 

13.35 

1.113 

42 

1385,0 

9.621 

131.9 

10,99 

4J^ 

15.90 

0.1104 

14.14 

1,178 

43 

14S2.0 

10,08 

135.1 

11.26 

43^ 

17.72 

0.1231 

14.92 

1.243 

44 

1521.0 

10,56 

138.2 

11.52 

5 

19.64 

0,1364 

15.71 

1.309 

45 

1590.0 

11.04 

141,4 

11.78 

SH 

21.65 

0.1504 

16.49 

1.374 

46 

1662.0 

11.54 

144.5 

12.04 

23.76 

0.1650 

17.28 

1,440 

47 

1735.0 

12,05 

147,7 

12.30 

*fyt 

25.97 

0,1840 

18.06 

1,505 

48 

1810.0 

12.51 

150,8 

12.57 

6 

28.27 

0.1964 

18.85 

1.571 

49 

1886.0 

13.  09 

153.9 

12,83 

$4> 

30.68 

0.2131 

19,64 

1.637 

50 

1963.0 

13,64 

157,1 

13.09 

6j^§ 

33.18 

0.2304 

20.42 

1,702 

51 

204.1.0 

14,19 

160.2 

13,35 

6% 

35.79 

0.2486 

21.21 

1,768 

52 

2124,0 

14,75 

163.4 

13,61 

7 

38.49 

0.2673 

21.99 

1.833 

53 

2206.0 

15,  32 

166,5 

13*88 

7M 

41.28 

0.2867 

22.78 

1,899 

54 

2290.0 

15,90 

169.6 

14.14 

7,V^ 

44.18 

0,3068 

23.56 

1,964 

55 

2376.0 

16.50 

172.8 

14.40 

7J$4 

47.17 

0.3276 

24.35 

2.029 

56 

2463,0 

17.10 

175,9 

14.66 

8 

50.27 

0.3491 

25.13 

2.094 

57 

2552,0 

17,72 

179,1 

14.92 

8J£ 

53.46 

0.3713 

25.92 

2.160 

58 

2642.0 

18,35 

182.2 

15,1$ 

8J^ 

56.75 

0  3942 

26.70 

2,225 

59 

2734,0 

18.99 

185,4 

15,45 

fi^ 

60.13 

0.4175 

27.49 

2.291 

60 

2827.0 

10,63 

1H8.5 

15.71 

9 

63.62 

0.4418 

28.27 

2,356 

61 

2922,0 

20,29 

191.6 

15,97 

9j^ 

67,20 

0.4668 

29.06 

2.422 

62 

3019,0 
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Airtemp,  Division  of  Chrynler  Corporation,  Dayton,  Ohio,,  „,„,„„. ,  830-831 
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American  Braiw  Co,,,  The,  Waterbury,  Cown,,. ..-«,.* .„.„,.,.;-«. , 1042-104S 
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American  Radiator  &  Standard  Sanitary  Corporation,  Plttub'urgh,  Pa ,,,.„ Wb*W$ 
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General  Electric  Company  Sehonectady,  N,  Y».M». «-*«- .-.-  „-,.—, .  „..  916-917 
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General  Refrigeration  Corp.,  Beloit,  Wia,,.,.,-...,,....,.. .  - ,.  - - - -    W2 

Grinndl  Company,  Inc.,  Providence,  E.  I.  ..„.  - ^  - -  -  -  972-974,  1034 
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Warren  Webster  <S$  Company,  Camden,  N,  J .,..,„,  , ( 
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Weil-McLain  Company,  641  W,  Lake  St.,  Chicago,  111 „„„.„.«„, .«M.M.,M..^^«*  1018 
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Williams  Oil-0-Matic  Heating  Corporation,  Bloomington,  III,,,,,,,, .  836 
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AIR  CONDITIONING 


Equipment  for  complete  air  conditioning  systems,  consisting  of  an  assembly 
of  apparatus  for  air  circulation,  air  cleaning  and  heat  transfer,  with  control 
apparatus  for  maintaining  temperature  and  humidity  within  prescribed  limits, 
has  many  commercial,  comfort,  and  industrial  applications.  Systems  for  all- 
year,  winter  and  summer  service,  and  special  processing  work  are  presented 
in  four  divisions  .  .  ,  Pages  818-860. 

CENTRAL  SYSTEMS  (p.  818-829) 

Complete  assembly  of  supply  and  return  ducts  serving  one  or  more  spaces,  con- 
nected with  some  or  all  of  the  following  equipment:  fans,  motors,  heat  transfer 
surfaces,  humidifiers,  dehumidifiers,  refrigeration  machinery,  air  cleaning  devices  and 
control  equipment 

An  outline  of  the  design  procedure  generally  used  to  create  a  modern  central  air 
conditioning  system  is  given  in  Chapter  20  of  the  Technical  Data  Section, 

DIRECT  FIRED  UNITS  (p.  830-836) 

Automatic  heating  and  comfort  air  conditioning  apparatus  suitable  for  residential 
and  small  commercial  applications  designed  to  give  results  similar  to  the  larger  central 
systems  provide  direct  fired  oil,  gas  or  coal  heating  units,  filtration,  fan  controls,  etc. 

The  Technical  Data  Section,  Chapters  9,  11  and  19  cover  this  type  of  equipment 

FAN-FURNACE  SYSTEMS  (p.  837-840) 

Winter  air  conditioning  and  summer  ventilation  for  residences  are  provided  by 
Automatic  fired  fan-furnace  systems.  As  in  the  larger  central  systems  these  in- 
stallations clean,  heat  and  humidify  the  air,  and  if  desired,  auxiliary  units  will  provide 
cooling. 

In  Chapter  19  on  Mechanical  Warm  Air  Furnace  Systems  will  be  found  details  of 
the  design  of  this  type  of  system, 

UNIT  HEATERS,  COOLERS  (p.  841-860) 

For  complete  or  partial  air  conditioning  there  are  a  variety  of  self-contained  units. 
Such  units  may  be  complete  in  themselves,  employing  their  own  direct  means  of  air 
cleaning,  heating  distribution  and  source  of  refrigeration, 

The  various  functional  elements  of  unitary  equipment  are  given  in  Chapters  21  and 
22,  for  Unit  Heaters,  Ventilators,  Humidifiers,  Conditioning  and  Cooling  Units  and 
Attic  Fans, 

Manufacturers  products  •hown  In  this  division  are  dMftned  for  specific  applications. 
Consult  the  Index  to  Modern  Equipment  for  additional  product*  of  theia  manufacturers. 
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American  Blower  Corporation 

Division  of  American  Radiator  and  Standard  Sanitary  Corporation 
General  Offices  and  Factory 

Detroit,  Mich, 

Branches  In  All  Principal  Cities 


AIR    CONDITIONING  —  HUMIDIFYING  —  DEHUMIDIFYING  —  COOLING 

—  VENTILATING  —  HEATING  —  VAPOR-ABSORPTION  —  DRYING  —  AIR 

WASHING     AND     PURIFICATION  —  EXHAUSTING     EQUIPMENT     AND 

MECHANICAL    DRAFT   APPARATUS. 


Commercial  V-Belt  Drive 
Ventura  Fans  -for  ventilating 
applications  without  duct  ays- 

terns,  where  extremely  quiet 
operation  is  desired.  Inlet-outlet 
streamlined  for  high  efficiency. 
Also  direct  connected.  Request 
Bulletin  A-31029. 


"ABC"  Utility  Sets - 

right,  complete  packaged 
units,  direct  connected 
or  V-Belt  short  coupled 
drive,  for  duct  applica- 
tions. Famous  "ABC" 
Multiblade  Wheel  oper- 
ates at  low  tip  speeds, 
Quiet,  compact.  Bul- 
letin A-31029. 


Double  Inlet  "ABC" 
Multiblade  Fan—above,  is 
a  heavy  duty  ventilating  fan. 
Its  wheel  has  narrow,  forward 
pitched  blades.  Low  tip 
speeds  assure  quiet  operation. 
Request  Bulletin  A-701. 
Write  for  Bulletin  A-4Q3  for 
backwardly  inclined,  non- 
overloading  H,  S,  Fan. 


American  Blower  Air  Washer 

— above,  cleans,  purifies  and 
freshens  the  air,  removes  dust, 
odors  and  bacteria,  cools  if 
desired  and  provides  an  effective 
method  of  controlling  humidity. 
Bulletin  3623. 


American  Blower  Capillary  Air  Washers— above, 
for  high  efficiency  in  cleaning,  humklification,  cooling 
and  dehumidification  of  air.  A  highly  efficient  sur- 
face contact  mechanism,  the  capillary  cell,  is  used. 
Air  is  forced  at  low  resistance  through  long,  irregular 
passages  of  small  sue  formed  by  a  large  amount  of 
thoroughly  wetted  glass  surface,  Unit  includes  a 
substantial  metal  casing  and  tank  of  air  washer 
design,  capillary  cells,  improved  low  head  sprays, 
metal  or  glass  fibre  low  resistance  moisture  elimina- 
tors, non-ferrous,  extended  surface  coolinir  or  heating 
coils.  Write  for  Bulletin  3723, 
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TYPES   OF   AMERICAN  BLOWER   CORPORATION 
AIR  HANDLING  AND  CONDITIONING  EQUIPMENT 

All  types  of  air  handling  and  air  conditioning  equipment  for  industrial  applications, 
process  work,  drying,  cooling;  also  equipment  for  stores,  offices,  shops,  public  buildings, 
power  plants,  etc.,  and  attic  ventilation  for  homes. 


"ABC"    Vertical   Heaters- for   ceiling 

applications,  give  an  even,  wide  floor  area 
distribution  of  heat,  For  either  steam  or 
hot  water  heating  systems,  Variable 
speed,  2-spced  and  constant  speed  models. 
Write  for  Bulletin  A-9418. 


Venturaftn  Unit  Heaters-  -for  many 
general  purpose  healing  jobs.  Wall  or 
ceiling  mounting,  Streamline  construc- 
tion, rugged  heating  elements,  Steam  or 
hot,  water,  Write  lor  Bulletin  A-821H. 


Air  Conditioning  Central  Systems  - 

provide  an  Adjective  way  of  cooling, 
heating,  humidifying,  dehumidifying  and 
purifying  air  in  all  eluBBes  of  business  and 
public  buildings  where  a  dust  system  is 
desirable.  Write  for  Special  Data. 


"HV"    General   Purpose   Units— with 

air  filters  and  Aileron  control.  Ideal 
wherever  attractive,  quiet  and  economical 
heating  and  ventilating  units  are  required. 
Wall,  floor  or  ceiling  mounting.  Offer 
great  flexibility  of  design  and  arrangement 
to  meet  specific  needs.  Write  for  Bulletin 
5927, 


American  Blower  Series  "II"  Air  Con- 
ditioners with  Sprayed  Coils  -are 
usually  applied  for  imhiHirial  uses  where 
air  washing^  and  evaporative  cooling  are 
required.  Sprayed  coils  give  cleaner  air, 
cut  coil  maintenance  and  refrigeration 
coats,  reduce  necessary  air  volumes,  permit 
use  (>f  smaller  dueta  and  grilles,  Horizontal 
or  floor  types  (as  shown).  Aileron^ control 
provides  simple  method  of  regulating  flow 
of  air  from  the  fans.  Write  for  Bulletin 
6027, 
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Carrier  Corporation 


HOME  OFFIOK  AND 

FACTORIES: 
SYRACUSE,  N.  Y, 


INTERNATIONAL 

DIVISION: 
SYRACUSE,  N.  Y, 


DEALERS  IN 
PRINCIPAL  CITIES 


MARINE  DIVISION: 

405  LEXINGTON  AYR. 

NEW  YORK  CITY 


ATLANTA 

BOSTON 

CHICAGO 

CINCINNATI 
CLEVELAND 


BRANCH  SALES  OFFICES.- 
DALLAS 

DETROIT 

KANSAS  CITY 

Los  ANGELES 
NEW  ORLEANS 


NEW  YORK  CITY 
PHILADELPHIA 
ST.  Louis 

HAN  FRANCISCO 
WASHINGTON 


AIR  CONDITIONING 

for  FACTORY— BUSINESS  -HOME 

CENTRAL  STATION  SYSTEM— Fans,  HumidifierH,  Dchutniciifipr*.  Heaters,  Filters, 
Controls,  for  large  factories,  theatres,  stores,  etc, 

UNITARY  EQUIPMENT — Air  conditioning  equipment  roniptou*  in  mngle  unit  for 
room,  home,  business,  Factory,  processing,  product  cooling,  and  dehydration.  Residential 
air  conditioning  and  automatic  heating  unitH  for  gas,  oil  or  enat, 

SELF-CONTAINED  EQUIPMENT— Three  to  fifteen-ton  unitH  for  mimmer  air  con- 
ditioning in  offices  and  commercial  installations. 

One-half  and  three-quarter  ton  units  for  summer  air  conditioning  in  individual  rooms 
and  offices. 

Room  ventilator  for  circulation,  ventilation,  filtering,  and  pollen  removal, 
Humidifier  for  supplying  humidified,  filtered  air  with  ptmitivc  circulation, 

REFRIGERATION 

for  AIR  CONDITIONING— PROCESS-  PRODUCT  COOLING  COOLING  OF 
LIQUIDS  AS  BRINE,  OIL,  BEVERAGES,  AND  CHEMICAL  SOLUTIONS 

CENTRIFUGAL  REFRIGERATION  MACHINES- -lOO-IOOO  toim  Centrifugal  Re- 
frigeration for  central  station  and  multi-unitary  air  conditioning  equipment,  pro- 
cessing, and  product  cooling,  and  condensation  of  vapors  »uch  an  ammonia,  chlorine 

and  solvents  without  the  intermediary  heat  transfer  involving  use  of  brine.  **' 

Reciprocating  Condensing  Units  l/&  to  50  tons  using  "Freon  12",  for  central  utation 

and  unitary  air  conditioning  equipment,  processing  and  product  cooling, 

EVAPORATIVE  CONDENSER— For  use  with  refrigeration  unit*.  Water  cooling 
for  Diesel  engines  and  cooling  of  liquids  used  in  processing. 

UNIT  HEATING 
for  FACTORY— BUSINESS 

PROPELLER  FAN  TYPE  of  suspended  unit  for  steam,  hot  water,  gas, 
CENTRIFUGAL  FAN  TYPE— suspended  or  floor-mounted  for  atcam,  hot,  water, 

There  is  a  Carrier  system  exactly  fitted  to  each  requirement  and  the  nearest  Carrier 
dealer  or  office  of  Carrier  Corporation  offers  a  complete  service  in  solving  any  air  con- 
ditioning, drying,  space  heating  or  refrigerating  problem, 

820 


Air  Conditioning 


Clarage  Fan  Company 

Kalamazoo,  Michigan 


Offi  cos 


. AJLJPrinc.U>*l  0*  ties 


(Consult  Telephone  Directory) 
CLARAGE  AIR  HANDLING  AND  CONDITIONING  EQUIPMENT 


For  Over  a  Quarter-Century  Clarage  has  been  a 
leading  manufacturer  of  air  handling  and  conditioning 
equipment.  There  is  a  Clarage  fan  or  blower,  condi- 
tioning: unit  or  system  to  meet  every  need,  from  the 
simplest  ventilating  or  cooling  job  to  the  most  exacting 
temperature  and  humidity  control  installation. 

Whatever  your  ventilating,  unit  heating,  cooling, 
drying,  air  cleaning,  humidifying,  dehumiclifying  or 
complete  air  conditioning  problem,  we  can  meet  your 
requirements  successfully  and  economically, 

Clarage  Experience  covers  every  conceivable  type 
of  installation,  commercial,  industrial  and  public  build- 
ing. Clarage  equipment  is  used  in  the  largest  industrial 
plants,  office  buildings,  auditoriums,  theatres,  hotels, 

restaurants,  retail  stores,  hospitals,  churches  and  schools. 

Architects,  Engineers  and  Contractors  find  our 
service  specially  helpful,  This  Company  is  an  inde- 
pendent manufacturer  selling  through  regular  trade 
channels,  and  cooperating  fully  with  those  who  specify 
and  those  who  install,  Your  inquiry  for  data  on  any 
Clarage  product  is  invited.  Write  for  Bulletins, 


Ctarage  Pan  with  Vortex  (con- 
slant  spted)  Volume  Control  for 
ventilation  and  air  conditioning. 


Unithe.rm  Unit  limits 

with  Syncrothtrm   Temperature 

Control  for  factory  heating. 

821 


Clara&a  Systems  for  complete 
conditioning  in  "public  buildings 
and  industrial  plants. 


Multithern  Units  for  complete 

conditioning  summer  cooling,,  or 

winter  hta,ting* 


(Jnicoll  irnilx  used  in  conditioning 

systems^  for  air  dcanin$t  tiooling, 

Iwtting  and  humidity  control. 


Unitherm  Unit  Coolers  for  pro- 
duct cooling  and  refrigeration, 


Air  Conditioning  •  Central  Systems 


Refrigeration  Economics  Co.,  Inc. 

Canton,  Ohio 


RECOY  PRODUCTS 


REGOY    AIR    CONDITIONING 

UNITS  of  the  suspended  type  as  shown, 
or  vertical  floor  type,  are  made  for  all 
season  purposes,  also  for  summer  cooling 
or  winter  heating  and  humidifying 

Capacities  range  from  one  ton  up  to 
any  size  required.  Cooling  and  heating 
surface,  and  filter  area  are  liberally  pro- 
portioned and  blowers  are  of  moderate 
speed,  all  to  insure  the  highest  efficiency 
and  quiet,  satisfactory  performance. 
Bulletin  "K". 


FIN  BLAST  COILS 


RECOY  CONTINUOUS 

for  cooling  or  heating 
are  constructed  of 
copper  tubing  with 
aluminum  fins,  or  all 
steel  hot  dip  galva- 
rmed  after  fabrica- 
tion and  are  suitable 
for  use  with  any  cool- 
ing or  heating  medi- 
um, Bulletin  "F", 

RECOY  EVAPORATIVE  CONDENSERS 

are  cooling  towers  and  condensers  combined  into  one 
efficient  unit  for  use  indoors  or  out,  They  reduce 
the  water  consumption  05  per  cent  and  are  used  with 
no  water  at  all  in  cold  weather,  Made  in  sixes  from 
one  to  one  hundred  tons,  Ceiling  Type  2  to  12J/£ 
tons,  Bulletin  "G", 

RECOY  DOWN  DRAFT  FIN  COILS  are  used  for  all  refrigerating  purposes  for  tem- 
peratures above  34  F.  Coils  defrost  at  every  cutout  period  and  are  equipped  with  alu- 
minum troughs  that:  catch  the  water. 

No  coil  bunkers  or  pans  required.  Air 
circulation  unimpeded  and  very  rapid  and 
humidities  of  85  to  90  per  cent  are  easily 
maintained, 

Coils  are  made  of  aluminum,  copper,  or 
steel  hot  dipped  galvanised  after  fabrication. 
They  require  only  about  12  in,  of  head  room 
and  may  be  hung  up  to  the  ceiling  between 
meat  rails,  etc,,  thus  conserving  space  and 
reducing  the  cost  of  cold  storage  rooms. 
Bulletin  "F", 


RECOY  REFRIGERATING  FINNED 
COILS  and  unit  coolers  are  made  up  on  con- 
tinuous copper,  or  aluminum  tubing  (no  joints 
so  no  leaktt),  with  aluminum  fins,  or  all  steel, 
hot  clipped  galvanized  after  fabrication.  Fins 
are  corrugated  to  hold  moisture  in  the  air 
stream  during  off  cycle  to  re-evaporate  and 
maintain  high  humidities,  They  are  applica- 
ble to  both  large  and  small  work.  Bulletin  "F". 
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Surface  Combustion  Corporation 

Largest  and  Oldest  Manufacturers  of  Exclusively  Gas-Fired  Equipment 

Kathabar  Air  Conditioning  Systems          Janitrol  Winter  Air  Conditioners 
Kathabar  Humidity  Control  Units  Janitrol  Boilers,  Gravity  Heaters 

Janitrol  Unit  Heaters 


KATHABAR 

•  FOR   COMFORT—in   hotels,   restau- 
rants,  public  buildings,   office  buildings, 
factories,  stores,  theatres  and  recreation 
places, 

•  FOR  HEALTHFUL   COMFORT— in 
hospitals  and  institutions. 

•  FOR    CONTROLLED    DRYING— in 
factories  where  materials  and  their  by- 
products must  be  dried  under  controlled 
conditions. 

•  FOR  SPECIAL  ATMOSPHERES— in 
industries  where  air  conditions  affect  ma- 
terials, processes  and  products, 

•  FOR    DRY    BLAST— in    cupola   and 
blast   furnaces  where  conditioned  air  is 
required  in  combustion, 

KATHABAR  OPERATING 
PRINCIPLE 

Kathabar  solves  difficult  problems  in  air 
conditioning  by  a  radically  different  oper- 
ating principle.  Kathabar  applies  the 
unique  qualities  of  a  liquid  chemical  called 
Kathene,  the  vapor  pressure  of  which  is 
readily  changed  and  accurately  controlled. 
Air  passing  through  the  Contactor  Cell 
encountering  the  Kathene  automatically 
gives  up  or  takes  on  moisture  until  its 
vapor  pressure  approaches  that  of  the 
Kathene,  Thus  any  desired  humidity  is 
created  in  the  treated  air  with  absolute 
precision  regardless  of  outside  weather, 
No  by-passing  is  necessary. 

Treated  air  leaving  the  Contactor  Cell 
at  precisely  controlled  humidity  passes 
over  the  conventional  finned  coils,  utilizing 
cool  well  water,  chilled  water,  or  direct 
refrigerant  as  the  cooling  medium,  or  to 
conventional  heating  coils,  This  permits 
close  individual  control  of  temperature  as 
well  as  humidity, 

Kathabar  operates  in  a 
continuous  cycle,  for  the 
Kathene  liquid  flows  from 
the  Contactor  Cell  to  the 
regenerator  sump,  Here 
moisture  lost  in  the  con- 
tactor is  replaced  by 


water  automatically  added,  or  excess 
moisture  is  expelled  in  af  very  simple 
process  involving  the  heating  of  only  a 
portion  of  the  solution.  Low  cost  exhaust 
steam  may  be  utilized  for  regeneration. 
The  proper  vapor  pressure  being  restored, 
the  Kathene  continucB  through  the  oper- 
ating cycle. 

Kathene  also  cleans  and  dcotlorixes  the 
air  treated.  It  is  non-inflammable,  non- 
explosive,  odorless,  and  inherently  harm- 
less. 

Kathabar  is  compact,  readily  accom- 
modated in  practically  any  space,  and  is 
so  adaptable  that  it  may  easily  be  included 
in  system  specifications  for  comfort  or 
industrial  process  installations,  ^  Its  low 
operating  coats,  and  its  extreme  simplicity 
both  in  control  and  operation  recommend 
it  for  trouble-free  satisfaction,  Complete 
engineering  data  sent  on  request, 

STANDARD  KATHABAR 

EQUIPMENT 

Contactor  cells  are  available  in  two 
sixes  and  two  types.  The  No*  3  and  No,  4 
cells  will  handle  up  to  3,000  and  4,000  cfm 
respectively,  The  type  No,  1  cells  have 
one  section  of  contact  surface  and  are  for 
normal  use  where  water  at  normal  tem- 
peratures is  available  for  K ATHENE 
cooling.  Where  higher  temperature  city 
or  C,  T,  water  must  be  used,  the  type  No.  2 
cells  are  available,  These  eel  IB  have  two 
sections  of  contact  surface  and  therefore 
operate  at  higher  KATUKNK  tempera- 
ture than  the  type  No,  I  cells  for  the  same 
moisture  removal,  t  The  si/e  and  type 
numbers  are  combined  to  ^Ive  the  cell 
numbers  31,  41,  32  and  42. 

KATHENE  coolers  and  heaters  are 
available  in  a  variety  of  shell  sixes  and  tube 
lengths  for  the  use  of  water  at  various 
temperatures  and  steam  at  various  pres- 
sures. These  cells  may  be  banked  together 
to  handle  air  quantities  as  large  as  100,000 
cfm. 

Regenerators  are  made  in  standard  sixes 
from  1  to  16.  The  si/e  number  designates 
the  number  of  regenerator  contact  sections 
in  the  unit 


REGENERATORS 

Each  section  of  regenerator  surface  will  remove  approximately  43 
pounds  of  water  per  hour  on  5  pound  steam,  58  pounds  per  hour  on  12 
pound  steam  and  65  pounds  per  hour  on  25  pound  steam.  Each  section 
of  regenerator  requires  about  340  cfm  of  fresh  air. 
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D/reo^-F/rec? 
Units 


Table  Dl.    Kathabar  Contractor  Cell  Data 

Overall  Dimensions — Inches 
Length         I 


Cell 
Size 

Max. 
CFM 

Over 

Width 

No,  31 
No,  41 
No.  32 
No.  42 

3,000 
4,000 
3,000 
4,000 

27 
27 
27 
27 

Height 


48 
48 
66 
66 


Table  D6.    T: 


Type  No.  2  Cell  Ratings 
Dchumidifying 


49 
61 
54 
66 


Table  D7.      Outlet  D.  B. 
Type  No,  2  Cells  for  Inlet  D.  B.  of  85°  F. 


Max,  Water  Temp,  .  . 
Inlet  Air  -Cr./No.,, 

130 

no 

90 
70 
50 

90 

51 

50 
49 
48 
46 

80 

70 
Air-G 

28 
27 
26,5 
26,5 
26,0 

60 

r,/No. 

21 
20 
20 
19,5 
19.5 

55             Max.  Water  Temp,  ,  , 

90 

80    [    70    j    60    j    55 

Outlet 

38 
37 
36 
36 
35 

Inlet  Air—  Gr./No,,. 

Outlet  Dry-Bulb  Temp.  °F, 

18,5                       130 
18.0                      110 
17.5                        90 
17,5                        70 
17.5                       50 

106 
104 
101 
99 

97 

99 
97 
95 
93 
91 

92 
90 
88 
86 

84 

85 
83 
81 
78 
76 

82 
79 
77 
74 
73 

Gas-Fired  Winter  Air  Conditioners,  Gravity  Heaters,  Boilers,  Unit  Heaters 

For  any  type  home  or  individual  apartment  heating,  this  compact,  gas-fired  unit,  com- 
pletely assembled  in  the  most  popular  sixes,  will  satisfy  most  exacting  clients.  New 
features  include  Multi-Thcrmex  method  of  heat  transfer,  Amplifire  burner,  patented 
control  system,  Send  for  Janitrol  FAC  Series  Specification  Sheets. 

Engineering  Data—FAC-14  Series  Conditioners 


Model 

Rating  Btu  Mr. 

CFM  Delivery  for 
T.  Temp.  Rifle 

Gas  Cap.  Cu.  Ft.  Hr, 
with  Btu  Content  of 

No, 

Input 

*Quteut  at 
Renter 

70° 

80° 

90" 

550 

800 

1000 

FAC"60-14* 

"60000"""" 

43,200 

'    600™ 

525 

465 

~  109 

75  

""""  60 

FAC  90-14 

90,000 

64,800 

900 

790 

700 

164 

113 

90 

FACI20-14 

120,000 

86,400 

1200 

1050 

935 

218 

150 

120 

FAC  1  50-  14 

150,000 

108,000 

1500 

1310 

1170 

273 

188 

150 

FACI80-14 

160,000 

129,600 

1800 

1575 

1400 

328 

225 

180 

*"  Hourly  Btu  output  at  rcgtotcr"  capacities  allow  for  10  per  cent  heat  low  from 
warm  mr  ducts  between  bonnet  arid  regia  tor-  -minimi  IOMB  for  average  initallntionn, 
Longer  than  avemge  ducti,  type  of  duct  covering,  duct  exposure,  whether  or  not 
bailment  In  heated,  etc,,  ihoulcl  be  considered  and  conditioner  Blx&d  accordingly, 

GAS-FIRED  GRAVITY  FURNACE 

Ideal  for  projects,  where  healing  costs 
must  be  kept  in  line  with  the  $4000  home, 
but  where  you  want  satisfactory  lonpf-life 
equipment,  Five  sizes,  from  06,000  to 
154,000  Btu  input  (A,G,A,).  Cast  iron 
Multi-Thcrmex  heal  exchanger,  Amplifire 
Burner.  _  Janitrol  GAG  Series  Specification 
Sheets  give  complete  information. 

GAS  BOILER 

Janitrol  Gas  Boilers  are  built  in  two  types,  Type  S  for  steam 
or  vapor,  Type  W  for  Hot  Water.  Capacities  range  from 
40,800  to  540,000  Btu  available  output  per  hour,  Cast  iron  flue 
top  and  cast  iron  sections  exemplify  rugged  construction,  Con- 
trols comply  with  A.S.M.K,  Boiler  Construction  Code  and 
A.G.A  Approval  Requirements,  A.G.A,  ratings,  Bonded  Load 
Ratings,  complete  data  given  in  Janitrol  Gas  Boiler  Specifications. 

GAS-FIRED  UNIT  HEATERS  '-FOR  INDUSTRIAL  AND 

COMMERCIAL  USE 

Sixes  and  types  for  every  space  heating  need,  from  small  stores  to 
large  industrial  plants.  Capacities  range  from  50,000  to  1,250,000 
Btu  hourly  input.  Can  be  operated  in  multiple,  Send  for  Specification 
Sheets  on  blower,  propeller  and  floor  types. 
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Air  Conditioning 


Central 
Systems 


Westinghouse  Electric  &  Manufacturing  Go. 

653  Page  Blvd.,  Springfield,  Mass. 

Sales,  engineering  and  service  available  through 
Authorized  Engineering  Contractors  in  all  principal  cities 

Commercial  Building  Applications* 

—  -i          r »-— — "*^j-jL-"11"""" 


APPLICATION— Westinghouse  equip- 
ment provides  air  conditioning  for  every 
building  application.  Every  unit  is  engi- 
neered by  Westinghouse  and  applied  in 
carefully  engineered  installations. 

COMPRESSORS  AND  CONDENS- 
ING UNITS— -Hermetically-sealed  to  con- 
serve power  and  efficiency.  Dust,  dirt  and 
trouble  sealed  out.  No  seal  leaks.  All 
operating  parts  accessible.  Lightweight 
and  compact. 

WATER  CHILLING  UNITS— Avail- 
able in  five  sizes  from  5  to  110  tons  of  re- 


frigeration. Highly  eflick'tit  vertical  acmi- 
floodocl  type,  designed  for  air  conditioning 
with  chilled  water. 

AIR  CONDITIONING  UNITS' -In- 
corporate blower,  heat  tratmfer  surfaces, 
humidifiers  and  filtcre.  Horizontal  and 
vertical  types. 

AQUAMISERS  (Evaporative  Con- 
densers)  Reduce  water  consumption 

90  per  cent  to  95  per  cent,  Sixea  to  match 
all  compressors  in  which  water  consump- 
tion is  a  factor. 


Hermetically-Sealed  Compressors  and  Condensing  Units 


tauv  „  ...  -  juva»_dsa, 

Capacity  Btu  per  Hour 

Dimensions*    Inchon  ( 

JA           Ne 

Type 

Hp 

*Nominal  Rating 

fMaximuiti 

Length 

Width 

Height 

Weigh  t'lb 

CLD-    45 

I 

12000 

""""~i570o"  "'" 

23  4 

Is"  "" 

16W 

235  "" 

CLD-    90 

26900 

41000 

21 

20  V$ 

36  W 

440 

CLD-  135 

35*51 

41000 

60800 

21 

20-"  a 

365^ 

460 

CLD-  205 

5 

69600 

94400 

32 

22 

36 

572 

CLD-  275 

90000 

124000 

32|/4 

2H/4 

32*/4 

590 

CLD.  415 

10  * 

120000 

163000 

22»/4 

35/4 

630 

CLS-  550 

15 

181000 

255000 

64 

i9j-(i 

40  ''•*! 

1720 

CLS-  640 

20 

222000 

302000 

80*4 

19,ly 

4()'''i 

2080 

CLS-  850 

25 

294000 

393000 

80»£ 

1  9}><i! 

40  '  !i 

2080 

CLS-1320 

40 

455000 

615000 

92'  B 

26^ 

49,'/4 

3760 

CLS-1980 

60 

653000 

896000 

92^ 

26}/i' 

401/1 

3775 

CLS-2550 

75 

915000 

1155000 

97 

34 

64'* 

7300 

CLS-3400 

100 

1212000 

1529000 

95)4' 

34 

70 

8100 

*Rating  at  37  Ib  auction,  65  F  suction  gas  temperature,  75  F  entering  water,  9ft  F  leaving  water, 

, 

^Dimensions  and  weights  are  for  complete  water-cooled  condensing  units. 

(See  also  Page  876) 
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Westinghouse  Electric  &  Manufacturing  Co.    Air  Conditioning 


~  •-""•— 

Air  Conditioning  Units 

Aquamisers 

Nominal 

Dimensions—  -I  nchcs 

Approx, 

(Evaporative  Condensers) 

Type 

Air  Delivery 
Clm 

Length 

Width 

Height 

Weight 
Lb 

Type 

Capa- 
city 

Dimcnaiohs    Inchon 

Approx. 

Net 

AF-  16 
AF-27 

480-  1120 
810-  1890 

5»5  « 

29 
46 

21 
19 

300 
400 

Btu  per 
Hour 

Length 

Width 

Height 

Weight 
Lb 

AF-37 
AH-  27 
AV-  27 
AH-  55 

AV-  5,5 
AH-  83 
AV-  83 
AH-  103 
AV-103 

1110-2590 
1500-  2250 
1500-  2250 
2580-  3870 
2580-  3870 
4080-  6120 
4080-  6120 
4930-  7394 
4930-  7394 

50 

55J.fi 

72»"}Jfl 

58 
66^ 
51  ft 

88'£i! 
I02«ft 
102"  ji 

2! 

22'^ 

27$ 

62l| 

74'i| 
74$ 

525 
350 
360 
612 
615 
794 

826 
915 
951 

EV-  205 
EV  -  275 
EV-  415 
EV-  550 
EV.  640 
EV-  850 
EV-1320 
EV-1700 

99200 
117800 
187000 
247000 
312600 
399600 
572700 
799200 

68$ 
89  Hi 

115HJ 
117$ 

31  j| 

42$ 
43  W 

55,'4' 

'62^ 

74  \l 
88VJ 
104 

719 
832 
1266 
1376 
1863 
2065 
2931 
3902 

AH-124 

5800-  8700 

82  "-'i' 

11  Hi' 

1127 

AV-124 
AH-  154 
AV-154 

5800-  8700 
7874-11812 
7874-11812 

58 

98** 

1121ft 

78/4 
42»f, 

1177 
1450 
1550; 

"'Net  refrigerant  capacity   at   75  F  WB  entering 
air  find  110  F  condnniiiiitf  temperature, 

HOW  TO  SELECT Fit  equipment  to 

meet   the   total   Btu  load. 
WHERE  TO  BUY— Consult  classified 


telephone  directory  or  nearest  Westing- 
house  district  office  for  name  of  Authorised 
Contractor. 


SELF  CONTAINED  SYSTEMS 


Mobilaire 

Compact,  self -contained  units  for  in- 
dividual room  cooling  in  homes,  offices, 
hotels,  apartments,  At  tractive  cabinets 
of  modern  design  and  finish,  Details 
available  on  request. 


Unitair© 

Compact,  self-contained  units  for 
retail  stores,  restaurants,  and  other 
businesses,  also  for  home  use,  Avail- 
able in  either  "with in -t he-space"  or 
"central  plant"  typ^es,  Quick  economi- 
cal installation  either  singly  or  in 
combination,  Nine  sixes, 


CU-  45 
SU-  20 
SU-  30 
SU.  50 
LU»275 
LU-4I5 
LU-550 
LU-640 
LU-850 


Unltairc  Specifications 


'Capacity 

Btu  per 

Hour 


24000 

36000 

64500 

85000 

115000 

168100 

204000 

256000 


Dimensions-  -I  nchcn 


Depth      Width     Height 


24 
24 
24 


38 
36 
40 


100 
100 


26 
45 

57 


731/4 


Weight 
Lb 


750 
900 
1455 
1970 
2300 
3350 
4000 
4200 


*Net  capacity  with  normal  air  How,  entering  80  deg  DB, 
07  (kg  WB  and  condenser  water  Inlet  75  F,  outlet  95  F, 
fAdd  14M  in.  for  overall  dimensions  with  filter*. 
*Add  2UC In,  for  overall  dlm«nalon«  with  filters, 
•|Adcl  2a^  in,  for  overall  dimension*  with  tilteri, 


HOME  HEATING  AND  AIR  CONDITIONING 


A  complete  line  of  attractive,  efficient 
heating  and  air  conditioning  eciuipntcnt 


for  oil,  coal  or  ga«,  in  a  full  range  of  capac- 
ities for  all  residential  requirements. 


unitu 
for  ste.am  or  hot  water 
systems,  oil,  aoal^  or 


and 

gravity  warm  dirfur- 
na-^s  available  in  iw 
moddfs  and  sites t  for 
cwil,  ml  or  gas  firing. 


piralair®  conwrslon 
oil  burner,  tapacilins 
from  I  to 


(Hlt  ttts  and  £oat~ 
fired  winter  air  con- 
ditioning unit,  ca- 
paeUits  from  30tOOQ 

to  »8&$QQ  lUu  at 
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Air  Conditioning 


United  States  Air  Conditioning  Corporation 


A  Complete  Line 

of  Air  Conditioning 

Equipment 


U.  S.  AIRGO  Air  Washers 


Single  and  double  stage  air  washers,  all 
sizes,  from  2500  cfm  to  100,000  cfm. 

U.  S.  AIRCO  Unit  Heaters 


Series  39  Unit 
Heater  with  U,  S, 
AIRCO  patentee! 
Deflecto-Grille, 
horizontal  and  ver- 
tical blades  both 
adjustable  for  per- 
fect control  of  air 
volume  and  air  dis- 
tribution. 


Also  Standard  Model  Unit  Heaters  with 
adjustable  horizontal  louvres, 

U.  S.  AIRCO—Blower— Filter 
Package  Unit 


Complete  units  with  blower,  drive, 
motors,  filters,  furnacestat.  Also  Blower 
Assemblies,  wheels  and  scroll  housings. 


2101  Kennedy  St.,  N.K. 
Minneapolis,  Minn. 

Branch  Offices  or  Aftents 
in  Principal  C 


U.  S.  AIRCO  Blowers 


Single  inlet 
single  width 
and  double 
inlet  double 
widthBlow- 
ers  for  both 
supply  and 
exhaust. 
Sixes  from 
300  cfm  to 
100,000 
cfm. 


T  y  p  e 
Bio 


A 

o  w  e  r  , 
with  back- 
w  a  r  d  1  y 
curved 
b  lade 
impeller. 
Both  single 
and  double 
inlet.  Sixes 
from  1,000 
to  70,000 
cfm, 


Also  light  duty  Blowers  and  Blower- 
Filter  Units  for  furnaces  and  self-contuinecl 
air  conditioners, 

Also  Propeller  (Exhaust)  Fans. 

U.  S.  AIRGO  Unit  Coolers 


Unit  Cool- 
ers for  cold 
water  or  di- 
rect expan- 
sion. Range 
of  sizes. 


Send  for  catalog  showing  complete  line  of  U.  S.  AIRCO  Equipment. 
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Air  Conditioning  •  §# 


York  Ice  Machinery  Corporation 

York,  Pennsylvania 

Factory  Branches  and  Distributor  Engineering 

World. 


the 


and    Sales    Offices    throughout 

Air  Conditioning  and  Refrigeration  for  maintaining  proper  atmos- 
pheric conditions  for  human  comfort  and  industrial  processes. 
Installations  of  unit  and  central  systems  in  a  complete  range  of 
capacities  and  types  for  every  design  requirement. 


York  ticctionnl  Ktontnniter 


York  V*W  Condensing  Unil 


Air  Conditioning  Units:  A  complete  line  of  finned  coil, 
dry  coil,  wetted  surface  and  spray  type  sectional  air  con- 
ditioners for  horizontal  or  vertical  applications,  designed 
to  facilitate  installation  and  the  distribution  of  air. 
Standard  units  can  be  equipped  with  by-pass  feature  and 
arranged  _  for  cooling  and  dehumidifying,  heating  and 
humidifying,  for  year-round  comfort, 

Yorkaire  Heat  and  Winter  Air  Conditioning  -A  com- 
plete line  of  York  equipment  is  available  for  residential 
or  small  commercial  heating  and  winter  air  conditioning 
installations.  Direct  fired  furnaces,  and  boilers  for 
steam  or  hot:  water  can  be  furnished  for  burning  oil,  gas, 
or  coal.  Stokers  and  conversion  oil  burners  complete  the 
catalog,  Related  apparatus  for  use  with  YORKAIRE 
HEAT  units  provides  complete  equipment  for  year- 
round  air  conditioning  systems  for  homes  and  small 
business  establishments, 

Oehumidifiers  For  central  station  systems  where  a  large 
volume  of  air  is  to  be  handled  and  where  control  of 
humidity  is  an  essential  requirement,  the  Yorkdehumidi- 
ficr  is  especially  applicable.  Construction  features  insure 
a  minimum  space  demand  and  maximum  performance 
conditions.  Standard  washers  are  available  in  a  full 
range  of  capacities  for  human  comfort  or  industrial  instal- 
lation. Air  washers  can  be  furnished  also  for  use  as 
indoor  condensing  water  cooling  towers  when  specified. 

The  York  Economizer— A  combined  forced-draft  cooling 

tower  and  refrigerant;  condenser,  is  available  for  instal- 
lations where  prohibitive  water  costs  or  inadequate 
drainage  facilities  preclude  the  use  of  a  water  cc)olecl 
condenser,  Standard  factory  constructed  and  built-up 
units  may  be  used  singly  or  in  multiple  for  applications 
of  any  specified  capacity.  Economizers  for  use  with 
Freon  as  the  refrigerant  are  furnished,  as  standard,  with 
a  liquid  sub-cooling  coil, 

Condensing  and  Water  Cooling  Systems  —Standard 
systems  are  available  for  every  application  requirement; 
up  to  1,000  hp  capacity  using  a  single  compressor. 
Self-contained  units  up  to  300  hp  feature  the  YORK 
line.  These  units  are  furnished  with  water  cooled  con- 
densera  or  without  condensers  for  economizer  appli- 
cations. 

Automatic  or  manual  capacity  reduction  by-pass  valves 
can  be  provided  for  economical  operation  at  reduced  load, 

All  materials  and  manufacturing  methods  employed  in 
the  construction  of  the  York  Freon  Condensing:  and 
Water  Cooling  Systems  conform  to  the  high  standards 

and  efficient  operating  characteristics  of  all  YORK  pro- 
ducts and  carry  performance  guarantees  baaed  on 
Refrigeration  Manufacturers'  Association  and  Air  Con* 
dilioning  Manufacturers1  Association  ratings. 
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CHRYSLER  CORPORATION  •  DAYTON,  OH  10 


RADIAL  COMPRESSOR 

Sizes  range  from  10  Hp.  to  75  Hp. 
capacity,  for  direct  expansion  with  Freon 
or  chilled  water.  For  use  with  city  water, 
cooling  towers  or  evaporative  condensers. 

Airtemp  Radial  Compressors  are  engi- 
neered for  air  conditioning  duty.  Direct 
connected.  Force-feed  lubrication.  Auto- 
matic starting  unloader  and  automatic 
capacity-reduction  unloader.  Removable 
cylinder  liners.  Vital  parts  are  ''Super- 
finished"  to  reduce  wear  to  a  minimum, 
Exclusive  cylinder  unloader  gives  high 
operating  efficiency.  Oil  separator.  Prac- 
tically no  vibration,  Shipped  ready  to  run 
— easy  to  install — no  foundation  necessary. 

"All-in-One"  AIR  CONDITIONER 

These  compact  units  cool,  dehumidify, 
clean,  and  circulate  the  air— free  discharge 
or  duct  distribution.  Heating  coil  (steam 
or  hot  water)  and  humidifier  can  be  added. 
Sealed  radial  com- 
pressor with  removable 
cylinder  liners,  force- 
feed  lubrication,  and 
automatic  starting  un- 
loader. Vital  parts 
"  Superfinished  "  to  re- 
duce wear.  Compres- 
sor suspended  from 
single  rubber  mount- 
ing. Water-cooled  con- 
denser for  use  with  city 
water  or  cooling  tower, 
Shipped  tested  and 
with  all  controls- 
ready  to  install.  Uses 
Freon,  the  safe  refrig- 
erant. "  Bonderized  " 
cabinet.  Approved  by 
Underwriters'  Labora- 
tories, Inc. 


COOL-BREEZE 
SUMMER  AIR 
CONDITIONER 

Larger  models  cool, 
dehumidify,  circulate, 
and  filter  the  air  in- 
troduce fresh  air,  take 
out  stale,  room  air* 
Shut  out  street  noises. 


One  window  model 


(]4  Hp,)  and  two  floor  models  available 
(Jiand  M  Up.)- 


YEAR-'ROUND  AIR  CONDITIONER 

A  combination  heating  arid  cooling  unit 

for  homes  consisting  of  an  Airtemp  Forced* 
air  Furnace  and  a  self-contained  refriger- 
ating mechanism  in  3  Hp%  capacity,  ^  It 
gives  complete  year-1  round  air  conditioning 
through  the  same  system  of  ducts  in  homes 
of  average  construction  and  sixe  (6  to  H 
rooms). 

The  heating  unit  can  be  any  Airtemp 
Winter  Air  Conditioner  shown  on  the 
opposite  page,  except  the  smallest  sixes. 
The  cooling  unit  m  identical  with  the  All- 
in-One  Conditioner  pictured  at  the  left, 
except  that  it  uses  the  furnace  blower  and 
the  evaporator  is  in  a  vertical  position 
instead  of  horizontal. 
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Air  Conditioning 


~  0/V/S/OM    Of 

CHRYSLER  CORPORATION  •  DAYTON.  OHIO 

OIL-FIRED  WINTER  AIR  CONDITIONER 


Heats,  humidifies,  filters  and 
circulates  the  air.  Five  models 
from  70,000  to  100,000  B.t.u,  out- 
put, "  Bonderized  "  and  insulated 
jacket,  Bull  with  reel  top,  stain- 
less steel  trim.  Chrome  steel  com- 


bustion chamber,  seam-welded 
firebox  of  copper-bearing  steel, 
large,  slow-speed,  rubber-mounted 
fan.  Airtemp  conventional  or 
Twin  Airflow  Oil  Burners. 


GAS-FIRED  WINTER  AIR  CONDITIONER 


Heats,  humidifies,  ^  filters  and 
circulates  the  air.  Steel  firebox 
models  from  70,000  to  160,000 
B.Lu,  output.  Cast  iron  firebox 
models  from  40,000  to  160,000 
B.t.u,  output,  "Bondcrhsed"  and 

BOILERS- Oil-] 
Steam  or  hot  water.  Six  oil-fired 
models  front  400  to  1,700  KJ).R. 
(steam),  Four  gas- fired  models 
from  400  to  1,050  'K.D.K..  (steam), 
"Bonderixed"  and  insulated  jacket 
in  two  tones  of  green  with  stain- 
leas  steel  trim. '  Fire  chamber 
surrounded  with  water  on  all  sides 


insulated  jacket  in  two  tones  with 
stainless  steel  trim.  Airtemp  ex- 
clusive "Silent  Flame"  Gas  Burner. 
Efficient,  quiet  while  it  starts, 
operates,  and  stops.  Approved  by 
A.G.A.  Laboratories. 

•Fired -Gas-Fired 

and  bottom.  Internal  heater  for 
domestic  hot  water.  Burner  and 
all  controls  enclosed.  Oil-fired 
models  use  conventional  or  Twin 
Airflow  Oil  Burner.  Gas-fired 
models  use  Airtemp  exclusive 
"Silent  Flame"  Gas  Burner,  Ef- 
ficient and  quiet, 


COAL-FIRED  FURNACES Forced-Air-  -Gravity 

Forced-air  models  in  cast  iron  and  steel. 
Sixes  from  226  square  inch  grate  area  to  346 
square  inch  grate  area  in  steel-- and  from  258 
square  inch  prate  area  to  384  square  inch  grate 
area  in  cast  iron.  I  Icavy  "Bonderized"  jacket. 
Large,  slow-speed  blower  rests  in  rubber  for 
quietness.  Ovcrsisce  blower  motor,  also 
mounted  in  rubber  and  has  automatic  over- 
load and  low  voltage  protection. 

Gravity  models  in  cast  iron  and  steel. 
Sixes  from  226  square  inch  grate  area  to  452 

aquare  inch  grate  area  in  steel    and  from  204  square  inch  grate  area  to 
452  square  inch  grat  urea  in  cast  iron. 

OIL  BURNERS 

Model  A-8:  A  conventional  oil  burner.  ,75 
to  1.36  gallons  No.  3  Furnace  Oil  per  hour. 
Quiet,  efficient. 

Model  B-9 :  The  exclusive  Airtemp  Twin  Air- 
flow Oil  Burner.  1.35  to  3.0  gallons  No.  3  Furnace 
Oil  per  hour.  Air  for  combustion  is  furnished  by 
two  fans  instead  of  one,  and  adjusted  at  the  out- 
let, not  the  inlet  of  the  fans.  Quiet,  efficient. 

Model  B  and  CIO:  A  conventional  pressure 
atomizing  oil  burner,  1.35  to  4.5  gallons  No.  3 
Furnace  Oil  per  hour.  Finished  in  gray  and  blue 
with  stainless  steel  trim. 
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AirUmip  Oil  Burncm 
uri;  approved  by  Undor- 
writws'  LubofiiLoritw. 
Inc..  and  Ixmr  tho  iwal 
of  tho  Ofllc'iul  liutptw- 


dmiolng  compliance 
with  (to m [net* c  1  it  1 
BUndurd  CW.W9,  an 
issued  by  tho  National 
Bureau  of  Btamlurtte 
of  tho  U.  8.  DopL  of 
Commerce 


Delco  Heat 


Air  Conditioning 


Direct 
Fired  Units 


DELCO  AUTOMATIC  HEAT 


BOILERS 

Delco  Automatic  Boilers  coordinate  the  Delco  Oil 
Burner  with  a  boiler  of  special  design  and  construction 
for  application  to  hot  water,  steam,  or  vapor-vacuum 
heating  systems.  Most  oil-fired  models  incorporate  the 
famous  Delco  Oil  Burner  with  the  Kotopower  Unit. 
Boiler  sections  are  clotted  with  heat-absorbing  fins. 
When  sections  arc  fitted  together,  fins  form  a  series  of 
passes,  exposing  a  maximum  of  water-backed  surface  to 
the  heated  gases, 

Three  models,  the  DSS,  the  DB-3  and  DB-4  incor- 
porate the  exclusive  Quik- Action  Heat  Transmitter 
which  provides  quick,  radiant  heating  and  renders  the 
previous  slow  heating  fire  clay  refractory  lining  of  the 
combustion  chamber  unnecessary,  Provision  is  made 
in  all  models  for  incorporating  a  built-in  domestic 
water  heater.  Six  oil-fired  automatic  boilers,  with 
capacities  ranging  from  300  to  1 ,335  sq  ft  of  steam,  KDR, 
arc  available. 


DSS-DSW  BOILER 

The  latest  addition  to  the  Delco  line  of  automatic 
boilers  is  Model  DS,  a  new  small  steel  boiler  for  either 
steam  or  hot  water  with  a  capacity  of  300  sq  ft  of  steam 
EDR,  The  Delco  Automatic  Water  Heater,  Model 
DS,  resembling  the  steel  boiler  in  construction  and 
operation,  is  also  available. 

Model  I)S  employs  the  Quik- Action  Heat  Trans- 
mitter which  heats  9  times  faster  than  refractory  com- 
bustion chambers  using  an  open  type  flame;  the  simpli- 
fied Rotopower  Unit  that  contains  all  moving  parts 
within  a  single,  easily  removed  unit  on  an  integrated 
shaft;  the  Thin  Mix  Fuel  Control  which  meters  fuel  oil 
economically  and  prevents  waste;  and  the^Ieat  Trap, 
a  special  baflle  that  conserves  heat  ordinarily  lost. 
Water  chambers  of  the  DS  Boiler  are  of  boiler-plate 
steel  tested  to  300  Ib  pressure,  They  are  insulated 
with  a  thick  overcoat  of  rock-wool, 


The  DB-3  Boiler 


The  W.V  ttoihr 


CONDmONAIRS 

The  Delco  Gondtttionair  is  a  compact,  completely 
automatic  unit,  oil  or  gas-fired,  which  provides  true 
winter  air  conditioning  by  circulating  cleaned,  humidi- 
fied and  properly  heated  air.  Model  DAOO,  I) AC)  and 
DAI  Delco  Oil  Conditionairs  incorporate  the  new,  exclu- 
sive Quik-Action  Heat  Transmitter.  Air  flow  resistance 
is  reduced  to  a  minimum  by  tear  drop  design.  Heat  is 
transferred  to  the  flowing  air  from  a  large  t  heating 
surface  dotted  with  heat  projectors,  and  moisture  is 
then  added  by  a  pan,  cascade  or  spray  type  humidifier. 
In  Delco  Gas  Conditiomiirs  there  is  a  sufficient  range 
in  sizes  to  permit;  selection  of  the  proper  unit  for 
applications  ranging  from  55,000  Btu  heat  loss  to 
120,000  Btu  heat  loss.  Delco  Conditionairs,  oil-fired, 
range  in  size  from  85,000  Btu  heat  loss  to  2CK),()()0  Btu 
heat  loss. 


The  Ddco  DAO  Conditioner 


833 


Air  Conditioning 


Gar  Wood  Industries,  Me, 

AIR  CONDITIONING  DIVISION 

7924  Riopolle  St.,  Detroit,  Mich. 

LIc«nf«I  IMitrlbutori  in  All  Principal  Cittot 

TEMPERED- AIRE  UNITS 
Made  in  six  (ft)  capacitien,  with  filter*,  blower, 
burner,  humidifier,  oil  furnace  and  economizer 
engineered  into  one  compart,  coordinated  syc« 
tern,  Clean,  humidified,  filtered,  wanned  air  its 
delivered  from  the  unit  to  the  duct  wytttem  ami 
then  uniformly  distributed  to  all  partn  of  the 
building,  Air  is  cleaned  by  waahnblc  cloth 
filters  and  circulated  by  a  multiple-blade  ball 
bearing  blower,  rubber  mount ed.4  The  heating 
unit  ia  a  counterftow,  down -draft  furnace  and 
economizer  unit,  eqtuppc'd^  without  integral^fire 
bowl  and  preaaure  atoini/.tng  oil  burner,  The 
humidifier  is  a  flash  type,  ateatn  tube,  located 

within  the  firebox,  assuring  prompt  humidificution. 
The  1941  line  of  Tempered -Aire  units  covers  a  wide  range 

(Models  001,  101,  201,  801,  401,  501),  and  has  many  improve- 
ments.   The  perfected  Model  "()"  oil  burner  start  B,  operate^ ami 

cuts  oil  smoothly  even  with  widely  varying  draft   conditions 

Combustion  is  clean,  quiet  and  efficient,  due  to  the  improved 

manner  in  which  the  air  and  oil  are  mixed  and  burned  in  the 

horizontal,  cylindrical  fire  bowl  to  produce  the  efficient,  Hunburnt- 

shaped  flame. 

Improved  Futtrthmtit  I 


Cro.w-.SVc/toflaf  View  of  T«mper<&A  ire  Unit 


Tempercd'Airc 
Ratings  and  Dimcn»ion8 

No.  001 

85,000"  ' 
68,000 
850 
,85 
40 
30 

)<; 

28V4*xIW 

l^xIQ"4 
760 
7" 

No,  101 

100,000 
80,000 
1,000 
1.00 

32 

54 
35M6V/ 
28'//xl6y/ 

900 
7* 

*A»r  Delivery  CFM.,..  
Oil  Nozzle  Size  G  P  H  

Heating  Surface  Sq  Ft  

Filter  Area,  Sq.  Ft  

Motor  HP—Burner       ,  ,  ,  ,  

Overall  Width  Inches      

Overall  Height,  Inches  
Dim.—Supply  Opening  
Dim.—  Return  Opening  

Recommended  Chimney  Size  

No.  201 

135,000 

110.000 

1,150 

US 

64 
48 


32 

54 


1,000 

8* 

"x  12*5(30' 


N«,  Wi 

200,000 

160,000 

2.0CKJ 

2.00 

m. 

n 


16M 
1,200 
9" 

I2M2W 


Nit,  401 

WCI.CKK) 

240,000 
1000 

I,W 
114 

n 

I 


1,500 
2-10* 


No.  501 


400,000 

120,000 
4,000 

4,00 

164 

78 

111 

45 
65 


, 
2-10* 


"^Ratings  based  on  100  dcg  bonnet  temperature  and  (IK  den  rcttirn  tciiuwniturtti  (Jrnil*!f  Jtif  tlt'liveri*1* 
witli  correapondintsly  lower  bonnet  temperatures  may  be  hud  by  tht*  \\w  of  Ittruur  blower  motor*. 
f()n  Models  401  and  501  connect  both  muck  ontlein  to  chlmtiry, 

GAS-FIRED  AIR  CONDITIONING  UNITS 
Seven  units:  60V,  84H&V,  120H&V,   IttHH,  240H,  300 U,  480H 
(V,  vertical  type;  H,  horizontal).    The  model  numlxsra  <leeignate 
the  heat  inputs  in  thousands  of  BTU's  per  hour.    Three  standard- 
ized basic  heating  sections  (5*,  7-r  and  10-fluted)  used  aingly  and 
in  multiple  produce  the  seven  mm  ami  heating1  capaci- 
heating,  section    ties.   The  horizontal  t  ypes    approxiiuatcly  4 ;4  feet  in 
-"»•  — '        height— are  ideal  for  basements  with  unusually  low 
ceilings,    The  vertical  types  (while  also  designed  for 
basements)  occupy  small  space  and  are  suitable  for 
installation  in  heater-utility  rooms  -  -located  on  the 
first  floor— where  space  is  definitely  limited, 

834 


MODEL  60V 

MODEL  60V 

(Vertical  Type) 

smallest  in  W41  line 

of  sewn  gas-fired  units 


Gar  Wood  Industries,  Inc. 


Air  Conditioning 


BOILER-BURNER  UNITS 

For  steam  and  hot  water  heating  systems.  Eight  sizes:  Series  "B"  5  sizes;  Series  MR"  3  sixes. 


Cro.is-wcUonal  view  o/  Models  /$£,  180  and  ®7Q 


Models  HO  and  W& 


Series  "B" 

B-12Q-W 

B-135-SorW 

B-165-W 

B-180-SorW 

B-270-S  or  W 

Boiler  Nozzle  Output  B.T,U/Hr  

120,000 
80,000 

800 

400 

533 
30 
1.20 
"0" 
1-3" 
1-3" 
7" 
8"x  I2"x30' 

14 
885 

135,000 
90,000 

562 
900 
375 
450 

600 
34 
1.35 
"0" 
1-3" 
1-3" 
8" 
8"x  I2'W 
40 
51 

30* 
1000 

165,000 
110,000 

1100 

550 

733 
44 
1.65 
"0" 
1-3" 
1-3" 
8" 
8"x12"x35' 

20 
1H)0 

180.000 
120,000 

750 
1200 
500 
600 

800 
46 
1.80 
"0" 
1-3" 
1-3" 
8" 
12"x12"x35' 
46 
64 
200* 
30* 
1300 

270,000 
180,000 

1125 
1300 
50 
900 

1200 
64 
2.70 
"0" 
M" 
1-4" 
9# 

12"xl6"x40' 
64 
88 
200* 
30* 
1585 

Net  Load  Rating  B,TtU,/Hr  

Boiler  Nozzle  Output  Sq,  Ft.  240  B.T,U,/Hr. 

Boiler  Node  Output,  Sq.  Ft.  150  B.T.U/Hr. 
Hot  Water  Radiation  

Net   Load   Capacity   240   B.T.U/Mr.   Steam 

Net  Load  Capacity  200  B.T.U/Hr.  Hot  Water 
Radiation  ,  

Net  Load  Capacity  150  B.T.U/Hr  Hot  Water 
Radiation  ,,...,,,....  

Heating  Surf  acts,  Sq.  Ft.  

Oil  Jet  Sac,  GJP.H  

Size  Steam  Nonlc  

Stack  Sixo  

Water  Capacity,  Gallorw-'Stcam  

Water  

Internal  TtnkleM  Water  Heater  (Dual  Coil),  .  .     , 

Internal  Tank  Type  Water  Heater  (Single  Coil)  ,  .  , 
Shmpinn  Weight"  Founds  

*GalIoiw  per  Hour  80°  Temperature  Riae  at  180°  Boiler  Temperature. 


""""  '"  "'  raSTF'  """**"*"""" 

"M  "KTwr" 

""*R1466"IW* 

jwiimm  v 

D 

D 

D 

Oil  Jet  SiW'-'Gal,  per  Hr  

3,50 

5.00 

6  50 

Max,  Net  Steam  Load,  Sq.  Ft  

1000 

1400 

1800 

Max.  Net  Hot  Water  Load,  Sq.  Ft.    ,  , 

1600 

2240 

2880 

Max,  Gross  Steam  Load,  Sq,  Ft  

1500 

2100 

2700 

Max,  Gro»»  Hot  Water  Load,  Sq.  Ft  
Heating  Surface,  Sq,  Ft  

2400 

84 

3360 
118 

4320 

154 

SUM  Steam  Nozzle  ...,..,.,,,,,,,, 

4" 

2-4" 

2-4" 

Size  l^teturn  Connections  .  .  .   ,,,,,,,,,,,, 

2-21// 

2"2!/i* 

2-3" 

A  -  Overall  Height,  Jacket  

685/B 

68y« 

B  •  Overall  Width,  Jacket  

37l^i(t 

37lllirt 

C  -"Overall  LcngtnVjaeket  

59% 

66 

80 

0  -  -Height  Steam  Noxxle 

68V« 

68% 

29% 

29% 

F  -—Height  External  Heater  Connection.  .  . 
(j  «-Hc)ight  Mean  Water  Line,  ,  . 

$g 

tf 

H-  -Height  Smoke  Pipe  Adapter  

46 

401" 

40 

1  —  -Her.  Distance  Between  Return*  
I  -»H0r,  Distance  Between  Steam  Nowlen 
Stack  SIr.fi  ,         

7 

12" 

7 

18 
12" 

18 
12" 

Recommended  Chimney  Size,  .  .  •  

I2vxl6"x40' 

12''xl6"x45' 

16"xI6"x4y 

Water  Capacity,  Gak,  ,  .  ,  ,  

52 

69 

91 

Shipuinft  Welaht,  Lbi  

2200 

2500 

2950 

SERIES  "R" 
The  series  "R"  Boiler- 
Burner  Units  are  de- 
signed for  larger  instal- 
lations where  their  sepa- 
rate boiler  shells  and  fire- 
boxes facilitate  rigging 
and  erection, 


CONVERSION  OIL  BURNER 


Model  "OC" 
For  installation  in  existing  heating  plants. 


DOMESTIC  WATER  HEATERS 

Model  S50  -coil  type  heater 
for  separate  storage  tank.  Cap. 
50  gal.  per  hour 
100  F  rise.  Model 
S40  has  storage  tank 
integral.  Cap.  40 
gal.  per  hour  100  F 
rise.  Vertical  rotary 
burner. 


Modd  $80       Model  S4Q 
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Williams  Oil-O-Matic  Heating  Corporation 

Manufacturers  of  Automatic  and  Manually  Controlled  Fuel  Oil  Burners, 

Year  'Round  Air  Conditioning  Systems,  Williams  Ice-O«  Matic  Compressors 

Bloomington,  Illinois 

Nicw  YORK,  N.  Y.,  2014  Graybar  Building 


A  Complete  Line 

Williams  Oil-O-Matic 
offers  six  Oil-O-Matic  burner 
nipdels— a  genuine  Williams 
Oil-O-Matic  for  every  sixe 
and  type  of  house,  for  every 
apartment,  public  building 
or  commercial  structure. 

Complete  boiler  burner 
and  furnace-burner  units;  a 
new  type  of  oil-burning  auto- 
matic water  heater;  an  oil- 
burning  range  burner  for 
heavy  duty  ranges  are  avail- 
able, VHHEATING 
Heating  Capacities  of  Oil-O-Matic  Burners 


Complete  Boiler-  Burner 

and  Furnace-  Burner 
Units 

A  complete  lint1  of  boiler- 
burner  and  funiart'-lninuT 
units  wiuippnl  with  OIL- 
0-MATK  burners  are 
available. 

Boiler-burner  unitn  auto- 
matically provide  clement  ic 
hot  water  aupply  the  year 
'round,  Indirect  heating 
coiltt  may  be  included. 
Furnace-burner  units  pro- 
vide winter  air  conditioning, 


Model 

Domestic  ( 
Shipping  1 
Weight  Lb  1 

-E 

.S 

i 

15W 
15^ 
2Qi/4' 
22M 
20 
32 

,5 

4! 

_ 

20k 
22  % 

il* 

24 

1 

1/10 
1/10 

$ 

|/2 

1800 
1800 
1800 
1800 
1800 
1800 

Gals.  Fuel 
Oil  per  Oper- 
ating Hour_ 

Mini- 
mum 

,* 

2.4 

8 
12 

Maxi- 
mum 

.* 
«* 

15 
25 

K-150 
K-3 

BJ 

sc. 

125 
145 
170 
175 
255 
295 

29 
30 
33J/2 

$ 

50 

Standard  SrafF  pipe  11  in.    17-In,  leiitfth  TTmTt 
pipe  optional, 
Standard  electric  current  is  110-volt,  (lO-cyrlcs 

Water  Heaters 

WHA* 
WHBt 
WHCi 

600 

885 
1385 

57 
75 
90 

S* 

29 

28 
28 
34 

1/10 
1/10 
1/10 

1800 
1800 
1800 

jvi 

l'/2 

P/4 

*Output:  00  F  rise,  60  gal  per  hour,  f  Output: 
90  F  rise,  120  gal  per  hour,  tOutput;  DO  F 
rise,  210  gal  per  hour, 

How  to  Decide  Size  of  Burner 

For  low  pressure  domestic  boilers,  1  gal 
of  fuel  oil  per  hour  (140,000  Btu)  is  re- 
quired for  approximately: 

300  sq  ft  of  steam  radiation  or  its  equiva- 
lent. 

480  sq  ft  of  hot  water  radiation  or  its 
equivalent, 

70,000  Btu  when  using  hot  air  furnace 
ratings. 

24  sq  ft  steam  boiler  heating  surface 
(or  2.2  hp). 

For  exact  detail  data,  see  Oil-O-Matic 
Installation  and  Service  Manual, 

Oil-O-Matic  Water  Heaters 

3  sizes  cover  ordinary  home  use,  large 
home  and  heavy  duty  requirements.  Tlie 
Oil-O-Matic  oil  burner,  combustion  cham- 
ber, water  reservoir,  and  automatic  con- 
trols combined  in  one  compact  unit. 


Underwriters1  Lilting 
By  Underwriter^  Laboratories   Inc. 

Fuel  Oil  Range  Burners 

Williams  Oil-0-Matio  fuel  oil  burners  UH 

an   integral   part    of   Oil  O  Matic   South 
Bend  heavy  duty  rangen. 

Year  'Round  Air  Conditioning 

WillianiH  Air-()«Matio  provides  cooling 
and  dehuinidification  in  mtmmcr,  heating 
and  huniidifiration  in  winter,  together  with 
ventilation,  air  eireulatum  and  cleansing 
throughout  t  he  ent  ire  year,  Thi«  complete 
year  'round  air  conditioning  i»  provided 
by  one  inteKfated  Hyntein. 

Refrigeration  in  furnmhetl  by  a  new  type 
of  abfiorption  unit,  uning  low  preaaure 
steam  as  itH  nource  of  energy,  developed 
specifically  to  better  meet  "  the  unique 
requiremcntft  of  air  conditioning,  Both 
refrigerant  and  8()lvent  are  cHrtcnlmlly  non- 
toxic,  non-exploBive,  tint!  mm  -combustible 
under  normal  atnioHijheric  or  normal  oper- 
ating conditions,  Air-O-  Matic  in  an  auto- 
mat ic-fired  complete  year  around  tem- 
perature and  humidity  control  unit, 

Air-0-Matic  ioffera  thtkae  principal  ad- 
vantages: (juiet  operation;  low  [>ower 
requirement;  negligible  deterioration; 
economy  of^  operation  and  maintenance; 
and  mechanical  simplicity.  Low  prcHflurea 
prevailing  in  the  absorption  unit  minimi/e 
the  possibility  of  being  a  refrigerant  charge 
either^when  the  unit  is  in  operation  or 
when  idle. 

Engineering  Service 

Available  to  architects*  See  A,  L  A, 
File  No.  30  G-l. 
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Air  Conditioning 


Fan 

Sy sterna 


Acme  Heating  &  Ventilating  Co.,  Inc. 

4224  Lowe  Avenue,  Chicago,  111. 
THE  ACME  HEATER— "It's  in  the  Fins" 


The  Acme  Heater  has  been  designed  by  experienced  heating  engineers,  and  is  con- 
structed by  expert  craftsmen.  It  combines  the  best  practice  in  the  design  of  direct 
transmission  healers,  with  marked  improvements  resulting  from  practical  experience, 

Burns  Any'  Kind  of  Fuel:  A  direct-transmission  heater,  such  as  the  Acme,  is  not 
dependent  upon  the  kind  of  fuel  used—any  type  of  fuel  may  be  burned.  Suitable  grates 
may  be  provided  so  that  bituminous,  semi-bituminous,  anthracite  coal,  or  other  solid 
fuels  may  be  used  with  equal  efficiency.  Replacement  of  grates  and  linings  by  proper 

refractory  material  permits  the  use 
of  automatic  stokers  or  oil  burning 
equipment. 

Large  Combustion  Chamber: 

Provides  ample  space  for  ignition  of 
gases  of  combustion,  regardless  of 
kind  of  fuel  used.  The  unusually 
large  combustion  chamber,  acting 
as  primary"  heating  surface,  effects 
efficient  transfer  of  neat,  because  of 
the  great  temperature  difference  be- 
tween the  burning  gases  inside  the 
chamber  and  the  air  passing  over  the 
outside  surface. 

Efficient  Radiator  Section: 

Although  the  heating  surface  of  the 
combustion  chamber  is  large  and 
efficient,  still  more  heat  must  be 
extracted  to  obtain  satisfactory 
overall  efficiency.  The  "phantom 
view"  as  shown  reveals  now  the 
gases  of  combustion  enter  the  rear 
smoke  chamber,  flow  to  the  front  of 
the  heater,  and  return  again  to  the 
smoke-box.  The  gases  are  held(  in 
intimate  contact  with  the  heating 
surface,  six  times  the  length  of  the 
heater,  before  they  are  permitted 
to  escape, 

High  Ratio  of  Heating  Sur- 
face to  Grate  Area:  The  radiator 
tubes  are  covered  with  extended 
surfaces,  or  fins,  typical  of  those 
used  on  indirect  heating  coils.  The 
long,  oval  tubes  of  the  radiator  pro- 
vide an  exceptionally  large  heating 
surface  which,  combined  with  the 
surface  of  the  combustion  chamber, 
affords  a  remarkably  high  ratio  of 
heating  surface  to  grate  area, 

Balanced  Construction  of  the 

Acme  Heater  provides  ample  free 

XT  .     „       ,       .,  f  .  .     ,,,,.,„,      ..       ,  area  and  allows  proper  velocity  of 

Note;  For  automatic  firing  add  10%  to  ratinp  given,  the   air   to   be   ^atc(j,     Moreover, 

this  air  is  brought  into  direct  contact  with  as  much  heating  surface  as  possible,  resulting 
in  the  Acme  of  Efficiency. 
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Phantom  View  of  Acm&  Umler  Showing  Plow  of  Gases  and 
Air  TrweL 


Physical  Data    Larfte  Series 


Size 
No, 

Dimcniuortft 

Grate 
•q  ft 

Heat 
Surf, 
•qft 

Free 
Area 

nfl: 

Min. 

Free 
Area 
re.  It. 
Max. 

Wt, 
Lb 

Max, 
Capacity 
Btu 

Lgth 

Width 

Hi 

7 

6'-6" 

4'-0" 

7'-0" 

10,31 

260 

6,55 

10,25 

5900 

900,000 

8 

8'-P 

4'-0" 

7'-0" 

11,91 

340 

7,73 

12,50 

7000 

1,100,000 

9 

9'-8* 

4'-G" 

7'-Q" 

13,06 

430 

8,91 

14,75 

8000 

1,300,000 

10 

II  '-3" 

4'-0" 

7'-0* 

14,43 

SCO 

15.8222,62 

9300 

1,500,000 

1 

Junior  Scrlow 


2 

4'-6" 

3'-6" 

5'.8ff 

3,9 

136 

4,7 

4.7 

3200 

350,000 

3 

6'-0" 

3'-6" 

5'-fl* 

6,1 

183 

5,9 

6.9 

4800 

527,000 

4 

7'-6" 

3'-6* 

S'-fl" 

7,2 

230 

7,1 

9,1 

5000 

634,000 

5 

9',o* 

3'«6*f 

5'-8y 

9,3 

280 

8,3 

11,3 

6000 

800,000 

Air  Conditioning 


Fan 

•Syitfar] 


Bran  chest 

ST,  Louis 


OMAHA 

MlNNMAPOLIB 

SAW  LAKH  CITY 
CHICAGO 


L.  J.  Mueller  Furnace  Co. 

ESTABLISHED  1857 

2009  W.  Oklahoma  Ave.,  Milwaukee,  Wis* 


Branches 

Lou  ANOKUH 
KANSAS  Cm 
BALTIUQRH 


WAWUNOTUN 


SERIES  50  OIL-FIRED  AIR  CONDITIONING  UNIT 


Designed  and  constructed  to  meet  the  needs  and  purae  of  the 
moderate-sixcd  home,  this  unit  automatically  heals,  fillers^ 
humidifies  and  circulates  the  air  within  the  home  etlkiently 
and  economically,  The  heating*  drum  and  radiator  are  made 
of  heavy  gauge  steel,  all  electric  welded,  with  no  joints.  Uni- 
form distribution  of  the  conditioned  air  is  secured  by  the  quiet  r 
efficient  Mueller  fan.  Filters  furnished  are  of  ample  area,  and 
with  large  dirt-holding  capacity.  Series  50  unit  is  available 
with  a  Mueller  Vaporising  or  Pressure  Atomizing  type  oil 
burner.  If  desired,  any  standard  burner  may  be  used,  Three 
sixes,  from  100,000  to  225,000  Btu  per  hour. 


MUELLER  CLIMATOR  FAN-FILTER  UNITS 


For  positive  distribution  of  air  in  old  or  new  const  ruction, 
wherever  air  is  to  be  moved,  there  IB  a  Mueller  Qmiator 
Fan-filter  unit  available.  These  units  are  designed  to 
provide  better,  cleaner,  and  healthier  home  heating.  Fans 
are  designed  in  accordance  with  latest  aerodynamic  princi- 
ples, providing  uniform  air  distribution  from  top  to  bottom 
of  the  fan  outlet,^  Filter  area  is  adequate  to  handle  the  air 
requirements,  Fans  have  ample  air  delivery  capacity  for 
the  addition  of  cooling,  if  desired.  Smaller  size  fann  are 
equipped  with  top-mounted  motors.  Motor  mounting  is 
designed  and  cushioned  so  as  to  absorb  motor  vibration, 
thereby  eliminating  possibility  of  transmiHHion  of  Hound  to 
the  duct  work.  These  units  "are  available  in  a  range  of 
sizes  capable  of  handling  practically  any  requirement. 


SERIES  "EPS"  GAS-FIRED  AIR  CONDITIONING  UNIT 


Designed  and  styled  for  the  modern  home,  thin  Mueller  unit 
meets  every  requirement  for  an  automatic  Winter  air  con- 
ditioning unit,  Provides  balanced  distribution  of  filtered, 
humidified  ^warm  air  in  ample  volume  to  every  room, 
Heating  unit  consists  of  Mueller  steel  lieatupeecler  sections, 
providing  quick  heat  in  desired  volume*  The  fan  operates* 
quietly  arid  efficiently,  with  ample  capacity  for  any  require- 
ment. Filters  thoroughly  clean  the  air.  "Humidity  is  sup- 
plied automatically.  "Available  in  three  sizes  with  AGA 
input  ratings  from  90,000  to  180,000  Btu  per  hour. 
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L.  J.  Mueller  Furnace  Co. 


Air  Conditioning 


Fan 

Systetna 


Mueller  Heaters  For  All  Fuels 
A  Complete  Line  for  All  Purposes 


Return  Flue  all-cast  Fur- 
nace. 18  in.  to  30  in.  fire- 
pots,  single  and  double  fire- 
door  styles.  Available  in 
round,  galvanized  or  square, 
lacquered  casings. 


Series  P-400  Steel  coal-fired 
fan-filler-furnace  unit.  Also 
available  with  round  casing 
for  gravity  operation,  Four 
sixes,  20  in.  lo  27  in.  drums. 


Series  "200"  Steel  coal-fired 
furnace.  Sizes,  20  in.  to 
34  in.  drums,  Available  also 
with  square  lacquered  cas- 
ings for  forced  air  instal- 
lations. 


Gas  Era  Cast  Iron  air 
conditioning  furnace. 
AGA  input  rating, 
•65,000  Btu  per  hour,  per 

•section.  Wide  ranpe  of 
sizes  and  air  delivery 
•capacities, 


Gas-fired  air  con- 
ditioning furnace. 
A.G.A.  input  rat- 
ings from  60,000 
to  100,000  Btu  per 
hour.  Wide  range 
of  air  deliveries. 


Muelleraire  unit.  Series  HAE"  Gas 

Gas-fired  with  fan,  Boiler.    AGA  rat- 

filters,  and  huniidi-  ings,  180  to  1,260 

fier.    5  sizes—  AGA  sq  ft  steam;  290  to 

input    ratines,  2,015    sq    ft    hot 

72,000   to    180,000  water, 
Btu  per  hour. 


•Gas  Era  Unit  Heater, 
Sizes  from  six  to  twenty 
sections,  with  A.G.A, 
ratings  from  216,000  to 
720,000  Btu  per  hour. 


Series  "SA"  stoker-fired 
furnace,  with  fan-illler 
unit.  Any  stoker  may  be 
used,  Capacities,  110,000 
and  175,000  Btu. 


Ilorixontal  Tubular  Healers,  for 
schools,  churches  and  other  large 
buildings.  Three  sizes,  with  cap- 
acity range  from  1,188,000  to 
1,390,000  Btu  per  hour. 


Complete  catalogs  on  each  of  above  units  available  upon  request. 
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[HE  ME/ER  FURNACE  GbMPANy 

PEOR.IAJLLINOIS 

Manufacturers   of   Heating   and   Air 

Conditioning    Equipment    for    Coal, 

Gas  and  Oil  Burning 


Branches  and  Distributors 

KANSAS  CUT,  Mo, 
OMAHA,  Nrui. 
(iKKKN  HAY,  Wis, 

PrnsiH'KMt.  PA, 

Piiit.AiHu.niiA,  PA. 
M't.  Lotus,  Mo. 
COU'MIIUS,  O, 

MINNEAPOLIS,  MINN. 
NHW  YORK,  N.  Y. 
ATLANTA*  GA, 


The  WEIR  Air  Conditioner  for  solid 
fuels  (hand  or  stoker  fired)  embodying  the 
famous  WEIR  Steel  Furnace  is  a  complete 
unit  for  winter  air  conditioning,  including  air 
cleansing,  humidifying  and  forced  circulation 
as  well  as  heating.  Encased  in  furniture  steel 
with  baked  enamel  finish.  Automatic  con- 
trols for  clampers,  blower,  humidifier. 


WttIR  Conditioned  Air  Unit 


WtttH  Gravity  lltuter 


No. 

_ 

624 
628 
630 
633 
636 
540 
544 

Grate 
Surface 
(Sq  Ft) 

Ratio 
Htg.  to 
Grate 
Surface 

Smoke 
Outlet 
Diam. 
(In.) 

Gravity  Circulation 

Fan  Circulation 

Casing  Dimen. 

Rated  Output 

Cftaing 
Dimen, 
(In.) 

Air 

Delivery 
(CFM) 

Ruled  Output 
nt  rcginter 
(Btu.Hour) 

Round 
(In.) 

Rect'lar 
(In.) 

At  Reg. 
(Btu.Hour) 

Pipe  Area 
<Sq|  In.) 

1.26 
1.78 
2.32 
3.08 
3.82 
4.74 
6.25 
7.60 

41.2 
33.9 
29.2 
26.4 
22.7 
19.4 
19.3 
18.5 

9 
10 
10 
10 
10 
10 
12 
12 

48 
52 
54 
58 
65 
67 

47^50 
50x52 
54x56 
56x64 
56x66 

54,400 
73,600 
94,100 
119,000 
138,000 
160,000 

400 
541 
692 
875 
1015 
1180 

1200 
1600 
2000 

2300 
2700 
6100 
7500 

47*90 
50x99 
54x105 
56x110 
56x116 
MX  100 
58x108 

92,000 
118,000 
148,000 
172,000 
200fOOO 
360,000 
440,000 

r  m>«tfi  unm-ftt  r, 

The  WEIR  Oil-Fired  Air  Conditioner  cloes^a  complete  job  of  winter  air  conditioning. 
Designed  for  oil  fuel  and  forced  circulation.  Completely  self-contained  in  low  compact 
casing  enclosing  burner  and  blower  as  well  as  heater  and  all  controls,  yet  with  everything 
easily  accessible. 

The  MEYER  Gas-Fired  Air  Conditioner  automat  ically  provides 
completely  controlled  winter  air  conditioning.  Efficient  perform- 
ance, compact  design,  modern  appearance,  Heavy  gauge  welded  steel 
heating  section;  die-formed  furniture  steel  casing,  A. (LA,  approved. 


WEIR  Oil  Fired 
Air  Conditioner 


ft 


MEYER 

Gas  Fired 

Air  Conditioner 


No. 


Input 

at 

Burner 
(Btu/Hour) 


Output 

at 

Bonnet 
(Btu/Hour) 


Vont 
Diam. 
(In.) 


Dirncnuionn 


W. 
(In.) 


a 

(In,)     (In,) 


Air 

Ddivary 

'AltuSP 

(CFM) 


WEIR  OU-Flred  Air  Conditioner 


A-100-M 
A-150-M 
A-175-M 
A-225-M 


140,000 
212,000 
260,000 
335,000 


110,000 

6 

25 

71 

48 

165,000 

8 

32 

78 

48 

195,000 

8 

56 

68 

48 

250,000 

8 

63 

68 

4B 

1300 
1950 
2300 
3000 


MEYER  Gas-Fired  Mr  Conditioner 


Motor 
.Size 
(HP) 


1/4 
1/5 
1/3 
1/2 


F-10 

110,000 

88,000 

5 

32 

69 

4B 

1200 

1/4 

F-15 

165,000 

132,000 

6 

41 

69 

48 

ISQQ 

1/4 

F-20 

220,000 

176,000 

7 

53 

69 

48 

2400 

1/3 

F-30 

330.000 

264,000 

9 

69 

69 

48 

3600 

1/2 

F-45 

495,000 

396,000 

10 

97 

69 

48 

5400 

3/4 
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Airtherm  Manufacturing  Company 

710  S.  Spring  Ave.,  St,  Louis,  Mo. 
THE  ENGINEERED  LINE  OF  UNIT  HEATERS 


DIREGTHBRM  WARM  AIR  HEAT- 
ERS  FOR   OIL,   GAS   OR  COAL  are 

available  in  six  standard  sixes  with  ca- 
pacity from  300,000  to  1,500,000  Btu. 
They  are  made^of  heavy  gage  steel  plate, 
with  major  sections  all  welded  and  flue  gas 
headers  are  readily  definable. 


VENTILATION  AND  AIR  RE-CIR- 
CULATION. The  Direct  hern;  can  be 
easily  hooked  up  for  outside  air  intake, 
Air  filters  may  be  used  in  the  intake  box 
when  desired. 

INSTALLATION.  These  units,  when 
assembled,  require  nothing  more  than  a 
stack  and  an  electrical  connection  (plus  a 
gas  or  oil  fuel  hook-up)  and  can  be  made 
fully  automatic  in  operation  when  using 
oil,  gas  or  stoker* 

PORTABILITY.  1  Mrcctherm  1  Icatera 
may  be  readily  removed  from  one  location 
to  another  or  from  one  plant;  to  another 
when  building  expansion  programs  demand 
such  alterations  in  the  heating  system, 

DUCT  WORK,  While  the  Directherm 
Heater  will  provide  thorough  heat  distri- 
bution without  duct  work,  where  necessity 
requires  it  may  be  hooked  up  with  a  system 
for  further  heat  distribution,  The  fan 
equipment  is  of  ample  capacity  to  over- 
come duel  resistances. 

ENGINEERING  SERVICE 

The  Airtherm  Mfg.  Co,  Engineering 
Department  and  District  Representatives 
are  at  all  times  available  for  consultation* 
At  your  request  we  will  place  experienced 
engineering  aid  at  your  disposal,  Repre- 
sentatives in  all  principal  cities. 


AIRTHERM  LINE  OF  UNIT  HEAT- 
ERS represent  a  full  range  of  capacities  in 
all  types, 


THE  AIRBLANKET.  A  revolutionary 
type  of  heating  unit  which  holds  the  heat 
in  the  working  ssone  through  the  use  of  the 
over-riding  cold  air  blanket,  This  unit  is 
available  either  in  the  centrifugal  fan  type 
as  illustrated  above  or  in  the  propeller  fan 
type,  They  are  designed  for  wall  or  ceiling 
mounting  and  are  especially  recommended 
for  high  ceiling  jobs,  Bulletin  No.  210 
contains  complete  details  of  the  Airblanket 
method  of  heating, 

THE  AIRHEATOR.  A  highly  efficient, 
large  capacity,  centrifugal  fan  heater  for 
all  types  of  installations,  available  for  floor, 
wall  or  ceiling  mounting. 

THE  AIRVECTOR.  A  newly  re- 
designed propeller  fan  type  unit  heater 
backed  by  80  years  of  manufacturing 
experience.  The  Airvcctor  is  available  for 
ceiling  suspension  or  mounting  from  the 
floor  on  a  recirculating  stack, 


AIRTHERM  EXHAUST  FANS  have 

been  expressly  designed  to  meet  industrial 
and  general  requirements^  for  rugged, 
heavy  duty  type  fan  of  simplified  con- 
struction that  would  minimise  both  in- 
stallation and  maintenance  problems, 
Capacity  charts  and  literature  will  be 
forwarded  immediately  on  request. 
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FEDDERS 

MANUFACTURING    COMPANY,    INC. 
85  TONAWANDA  ST. 

BUFFALO,  NEW  YORK 


TYPE  K  HEATING  COILS 

Strong",  rigid  casings  ...  large  cylin- 
drical headers  ,  .  .  full-floating  protection 
against  overall  expansion  .  ,  ,  top  header 
tri-point  supported  by  center  anchorage 
brackets  and  drop  forged  bronxe  trunnions 
.  .  .  knee  action  relief  of  differential  ex- 
pansion among  tubes  .  ,  .  scale  breaker- 
tube  orifices  .  ,  ,  floating  type  tube  sup- 
ports ,  .  .  permanently  bonded  fins  and 
tubes. 

7  Standard  Face  Widths  12 J^  in.  to 
36 Mi  in, 

18  Standard  Face  Lengths  l>g  ft  to 
10  ft. 

3  Fin  Spacings* 

I  or  2  Row  Deep  Coils  of  all  8  Fin 
Spacing 

BASIC  TEMPERATURE  RISES 


Coil  Type 

A*irT«mp,Ri»e*F* 

K15 

36,1 

K16 

52,3 

K18 

'623 

K25 

67})" 

K26 
93.0 

K28 
108,0 

*KnU«r,  Air  O'K,  500  KPM,  f>  lhn  utwim 

TYPE  M  MODULATING  COILS 
Ncm-freexe   design   with   general   con- 
struction similar  to  Type  K  Coils,    Wide 

range  of  standard  sixes, 

TYPE  B  BOOSTER  HEATING  COILS 
Featuring  same  advanced  engineering  as 
Type  K  Coils,    Complete  range  of  sixes, 


COOLING  COILS 

Type  ft  for  Refrigerant 

Type  Wfor  Water, 

Kquipped  with   flat   fins  for  rapid  air-Hide  condensate 
removal, 

Built  in  wide  range  of  standard  ,,,,^ 

nixes.  F     ^<*~^  I 


THERM  OSTATIC 

EXPANSION  VALVES 

High   capacity  Thermostat ic 

Expansion  Valve  for  tine  with 

Freon  or  Methyl  Capacities  up 
to  20  tons  Freon, 
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ELECTRIC  AIR  HEATER  CO. 

DIVISION     OF     AMERICAN     FOUNDRY    EQUIPMENT    CO, 
M  I  $  H  A  W  A  K  A  ,       INDIANA 

Manufacturers  of 


Views   of 
Hleclromode  Heater 
Grids — Circular  and 
Rectangular  Types 


HOME  &  OFFICE 
HEATERS 

Model  PJ-15     A 

package  of  comfort 
for  chilly  but  brooms, 
nursery,  den,  office, 
workshop,  etc.  Can 
be  used  in  average 
baseboard  receptacle 
on  115  volts. 

The  Electromode 
BILT-IN-WALL 
and  PORTABLK 
models,  illustrated  at 
left,  in  addition  to  the 
exclusive  cast  alumi- 
num element,  feature 
down-draft  warm  air 
delivery.  This  scien- 
tific principle  shows 
remarkable  efficiency 
in  warm  air  distribu- 
tion. Both  models 
made  in  capacities 
from  1  KW  to  5  KW 
(3415  Btu  to  17,075 
Btu).  The  modern 
cabinet  is  the  same 
for  all  capacities  and 
designed  for  2  in.  x 
4  in.  wall  construc- 
tion. Approximate 
wall  opening  required 
is  14%  in.  wide  by 
in.  high. 


ALL- 

ELBCTIUC 
AIR  HEATERS 

Cast  aluminum  gridn  in  elect  rie  heatern  are 
a  radically  different  innovation  from  the 
popular  conception  of  electric  heating 
units,  Aluminum,  a  metal  of  highest 
thermal  conductivity,  it*  cast  on  a  tubular 
element,  Thin  process  «eid«  the  heating 
element,  preventing  all  oxidation, 

INDUSTRIAL 

HEATERS 

Circular  Grldt  - 

Made  in  capacities 
from  2  KW  (UK30 
Btu)  to  9  KW 
(3(),73,r)Btu),  Kach 
heater  in  provided 
with  eye  bolt«  and 
adjustable  louvem 
The  cabinet »  are 
made  of  heavy  fur- 
niture steel. 


Industrial  Unit 
•  Made  in  capaci- 
ties from  10  KW 
(34,150  Btu)  to  (K) 
KW  (307,300  Btu). 
The  cabinet  m  made 
of  heavy  steel  and 
furnished  with  eye 
bolts  ami  adjust- 
able louvers, 


Industrial 
Portable  A  heavy 
duty  portable  Klec- 
tromode  made  in 
capacities  from  1 
KW  (3415  Btu)  to 
9KW (30,785  Btu), 
Each  heater  is  a 
self-contained  unit 
complete  with  cable 
and  with  a  suitable 
plug  cap, 


i       n^  £r  *iterature  and  complete  details  on  any  or  all  Electro- 
«'  A  °UrKElJ!i?e?,rs  wil1  be  ^lad  to  wtlmate  heater  sizes  for  your 
£»  r^  /""Commendations.     Qualiaed  engineering  rep- 
are located  m  the  principal  cities  for  prompt  service.    A  wide 
variety  of  models  and  capacities  are  available  for  any  kind  of  a  space  -  heatinft  J  ob  - 
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Hastings  Air  Conditioning  Co.,  Inc. 


Hastings,  Nebr, 

Manufacturers  of 

Air  Conditioners, 

Unit  Heaters. 

Utility  and  Package  Blowers. 

Dealers  and  Representatives  In  Principal  Cities 

A  Complete  Line  of  Highly  Successful  COLD  WATER  Air  Conditioners. 
Capacities  listed  depend  on  entering  air  and  water  temperatures. 

All  equipment  available  for  combination  heating  and  cooling. 


FLOOR  MODELS 

Floormasters  Unusual  design  and 
special  features  permit  maximum'  instal- 
lation possibilities  with  minimum  floor 
space  and  installation  costs, 

Air  Delivery  1 2240  cfm, 
Cooling  Capacity*  "3  to 
0  tons,  Dimensions  - 
Height  93  in.,  Width  48 
in,  Depth  25  in.  Motor  - 
K  hp.  Kilters  3  16  in,  x 
25  in. 

Royal  For  offices, 
homes,  hospitals,  etc. 

Air  Delivery    590  cfm, 
Cooling  Capacity     I  to  2 
tons,       Motor     1/0    hp. 
Filter     1   1(5  in,  x  25  in. 
Dimensions     Height  40  in,,   Width  28 
in.,  Depth  20 >£  in, 

CENTRAL  PLANTS 


GENERAL  UTILITY  MODELS 

Master-- Singly  or  in  multiple  are 
suitable  for  any  business  or  space  sixe, 
Large  jobs  handled  without  duct,  work  by 
proper  location  of  units. 


Sectional  con- 
struction for  ease 
of  handling,  Mo- 
tors inside  mount- 
ed to  provide  very 
neat  appearing 
compact  unite. 


SPECIFICATIONS 


Size 

CFM 

Motor 
Hp 

Filter* 

Capacity 
Ton* 

"OP  7<f  * 

""""3,000  

1 

5  ' 

'  '  4,  9""" 

CP40 

4,000 

1 

8 

6-  12 

CP  60 

6,000 

2 

10 

9-18 

CPflO 

6,000 

3 

12 

12-24 

CP120 

12,000 

5 

20 

ia% 

Air  Delivery  2,240  cfm,  Cooling  Ca- 
pacity -  3  to  0  tons,  Dimensions-  Height 
29  in,,  Width  49  in,,  Depth  50  in.  Motor  • 
J/2  hp.  Filters  4  16  in,  x  23  in, 

Majestic—Similar  to  Master  except  ni/c, 

Air  Delivery-  2,240  cfm.  Cooling  Ca- 
pacity 1  y±  to  H  tons,  Motor  hf  hp, 
Filters  2  16  in.  x  25  in,  Dimensions  - 
Height  26  in,,  Width  28  in.,  Depth  40  in, 

Zephyr  Same  capacity,  motor  and 
filter  as  the  Royal.  For  use  where  sus- 
pended or  concealed  units  are  desired, 
Dimensions  Height  26  in,,  Width  24  in., 
Depth  28  in. 

UNIT  HEATERS 

Centrifugal  Type  for  ex- 
treme quietness  and 
elltdency. 

Steam  pressure  • 
to  160  in,  per  sq  in, 

Finish  Brown 
wrinkle  enamel  and 
stainless  steel  louvers, 


PACKAGE  AND  OPEN  TYPE  BLOWERS 

May  be  knocked  Utility  type  blowers  are 
down  for  narrow  door-  available  with  or  without 
ways,  Finished  in  at-  motors  and  in  any  clis- 
tractive  green  wrinkle,  charge  desired* 

All  sixes  from  9  in,  to  twin  21  in. 
Air  deliveries  from  1000  cfm  to  16,000  cfm. 

Write  for  Catalogues,  Literature,  or  Information 
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F.  Jaden  Manufacturing  Co.,  Inc. 


1914 


Hastings,  Nebraska 


RIR.  CONDITIONING 


SPECIALISTS  IN  WATER  COOLED  AIR  CONDITIONING 


Unit  Conditioners  (Shown  at  />//) 

These  models  applicable  to  any  cooling  installation  -lar^e  or  small.     !Jn»urpa»»ed 
efficiency—sturdy  construction.     50-100  per  cent  frefth^nir  recommended,  assuring 

complete  ventilation  and  odor  elimi- 

nation,    For  heating,  steam  coils 

can  be  furnished  on  Universal  and 

Imperial  units,  or  circulation  hot 

water  may  be  u«ed  with  all  models, 


ARISTOCRAT 


DELUXE 


IMPERIAL 


FURNACE  TYPE 
CENTRAL  PLANTS 

Three  models  designed  for  UHC  with 
gravity  hot  air  furnaces.  Provides 
complete  summer  and  winter  con- 
ditioning, including  winter  humidi- 
fication. 

CENTRAL  PLANTS 

Designed  for  larger  installations 
employing  extensive  duct  sy»tenm, 

Two  standard   models specials 

quoted  on  request, 

CENTRIFUGAL  UNIT 
HEATERS 

Designed  for  inBlallatioiw  requiring 
silent  operation,  Ideal  for  twe  with 

duct  systems. 


ATTIC  VENTILATION 

Designed  with  centrifugal  blowers 
to  insure  positive  displacement  of 

air.  Easily  installed •••  sturdy— 
silent. 

BLOWERS 

Complete  line  of  high  quality  cabinet , 
base  type,  utility  and  twin  blowers, 
16  gage  welded  construction  -bronze 
bearings—ground  steel  shafting, 

Wire  or  Write  for  Complete  Details 
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FURNACE  TYPE 


CENTRAL  PLANTS 


BLOWERS 


Air  Conditioning 


Kramer  Trenton  Co. 

Manufacturers  of 

HEATING,  COOLING  AND  REFRIGERATION  DEVICES 
Trenton,  New  Jersey 


KRAMER  UNIT  HEATERS 

All-copper  heating  element.  Oval-section  tubes  with 
hair-pin  bends.  High-discharge  air  velocity  insures 
proper  heat  distribution.  For  pressures  up  to  150  Ib. 

Send  for  Bulletin  H-141 

KRAMER  COPPER  CONVECTORS 

All-copper  heating  element.  Oval  tubes  with  fins 
metallically  fused  to  tubes.  Noiseless  operation. 
Guaranteed  for  operating  steam  pressures  up  to  50  lb- 

Send  for  Bulletin  H-24Q 

HEATING  and  AIR  CONDITIONING 
UNITS  for  Residential  Use 

Designed  for  split-system  Installations.    A  range  of 

sizes  adaptable  to  residential  requirements.   Rubber 

mountings  and  flexible  connections  minimize  noise. 

Send  for  Bulletin  SS-S41 

KRAMER  COMFORT  COOLERS 

Suspended  type  for  small  tonnages — 1  to  3  tons — 
and  for  remote  compressor  operation.  All-copper 
coils.  Specially  designed  grille  for  proper  diffusion. 

Send  for  Bulletin  R-141 


KRAMER  TURBO-FIN 

For  blast  heating  and  cooling.  All-copper  blast 
surfaces;  fins  metallically  fused  to  tubes.  Air  side 
flow-disturbers.  Coil  finished  in  electro  tin  plate 
for  permanence. 

Send  for  Bulletin  AC-540 


KRAMER  AIR  CONDITIONING  UNITS 
Ceiling  and  Floor  Type 

Wide  variety  of  sizes  and  capacities — 2  to  30  tons  in 
cooling;  65,000  to  1,280,000  Btu  per  hour  in  heating. 
Accurately  rated.  All-copper  Turbo-fin  coils;  fiber- 
glas  air  filters.  Complete  cabinet  types  for  either 
floor  or  ceiling  mounting. 

Send  for  Bulletin  A  C-440 
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Air  Conditioning 


McQuay,  Inc. 

1602  Broadway,  N.E.,  Minneapolis,  Minn. 
MANUFACTURERS  OF  AIR  CONDITIONING  EQUIPMENT 

Sales  Offices  In  all  Principal  Cities 


Air  Conditioners 
Air  Conditioning  Coils 
Blast  Heating  Coils 
Refrigeration  Coils 
Convection  Radiation 
Unit  Heaters 
Unit  Coolers 


1   R   0   D   U 


~ / 

U   C   T   S   / 


'  Comfort  Coolers 
1  Blower  Coolers 

(Suspended  &  Floor  Type) 

Room  Coolers 

(Cabinet  Type) 
1  Ice  Cube  Makers 
1  Icy- Flo  Accumulators 
1  Zeropak  Low  Temp.  Units 


THE   EXCLUSIVE   McQUAY   FRICTIONAL 
BOND  FIN-AND-TUBE  COIL  ASSEMBLY 

The  McQuay  Fin  and  Tube  assembly  in  all  Mc- 
Quay coils  and  cores  is  one  of  the  reasons  McQuay 
products  are  considered  "Tops  in  Over- All  Efficien- 
cy" by  many  heating  and  refrigeration  authorities. 
Heat  transfer  efficiency  primarily  depends  on  three 
elements  in  coil  construction.  First,  "Area  of  Con- 
tact," Second,  "Contact  Pressure"  and  finally 
"Quality  of  Contact"  between  collar  and  tube. 

In  McQuay  coils  all  three  necessary  elements  are 
found  developed  to  their  highest  degree.  The 
famous  McQuay  "Wide  Fin  Collar"  plus  Exclusive 
Hydraulic  Expansion  together  with  the  polished  sur- 
face, secured  by  "spinning"  the  fin  collar,  truly 
provides  the  last  word  in  Heat  Transfer. 

McQUAY  CONVECTORS 

The  new  modern  McQuay  convector  has  been  designed  to  meet 
all  qualifications  for  reliability,  efficiency,  beauty,  and  cleanliness. 
The  enclosures,  exposed,  recessed  and  concealed,  with  .their 
pleasing  lines  and  rounded  corners,  offer  unlimited  possibilities 
for  harmonious  decorative  treatment. 

The  heating  element  is  constructed  of  a  series  of  round  seamless 
copper  tubes  to  which  are  attached  straight  fins- 

All  McQuay  convector  enclosures  are  constructed  from  high- 
grade  furniture  steel,  properly  reinforced  to  make  a  sturdy 
cabinet.  The  enclosures  are  available  in  fourteen  individual 
types  with  three  styles  of  grilles. 

We  offer  the  services  of  our  engineering  and  design  depart- 
ments to  help  solve  your  special  heating  problems. 


CONVECTOR 


COMBINATION  STEAM  BUST  COIL 

COOLING   COIL  WATER   COIL 

MORE  THAN  1,000,000  STANDARD  COIL  SIZES 

McQuay  manufactures  the  most  complete  line  of  Standard  Coils  in  the  Industry. 

Coils  for  Heating — up  to  10  rows  deep  using  low  or  high  pressure  steam  or  hot  water. 

Non-Freeze — (steam  distributing  tube)  type  coils  1  and  2  rows  deep. 

Removable  Plugs — (cleanable  tube)  type  coils  one  to  12  rows  deep. 

Water  Coils  for  Cooling — one  to  12  rows  deep. 

Direct  Expansion  Coils — for  cooling  1  to  10  rows  deep. 

Refrigeration  Coils — all  types  and  sizes, 

Special  Coils — of  various  materials  furnished  on  order  for  special  applications. 
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McQuay,  Inc. 


Air  Conditioning  -  Utl£t  Heaters 


and  Coolers 


STANDARD  UNIT 
HEATER 


RADIAL  UNIT 
HEATER 


CABINET  TYPE   UNIT 
HEATER 


GAS  FIRED  UNIT 
HEATER 


COMFORT  COOLER 


AIR  CONDITIONER 
(  YEAR-ROUND  ) 


UNIT  HEATERS 

The  new  and  exclusive  McQuay 
Radial  Heater  joins  a  distinguished  old 
family  of  proven  heating  units — the 
Down  Flow— the  Gas  Fired— the  Cabi- 
net Unit—the  Large  Blower  Type,  and 
the  veteran  Standard  Unit  Heater, 
making  the  McQuay  line  the  most 
complete  in  the  industry. 

This  newest  McQuay  development 
provides  wide  uniform  heat  distribu- 
tion, lower  installed  cost  and  fine 
appearance,  combined  in  one  unit. 
One  Radial  Heater  can  now  be  used  in 
place  of  two  or  more  Standard  Units — 
effecting  important  savings  in  piping 
expense  as  well.  Actually  it  is  a  deluxe 
unit  heater  at  lower  cost  than  standard 
units,  in  most  cases. 

All  McQuay  unit  heaters  feature  the 
exclusive  Frictional  Bond  coil  construc- 
tion. All  types  of  Heaters  are  fur- 
nished in  a  wide  range  of  sizes  with 
motors  to  meet  all  electrical  current 
characteristics,  making  it  convenient 
to  select  the  proper  size  heater  for 
every  installation. 

McQUAY  COMFORT  COOLERS 

Made  in  two  types — one  for  use  with 
water  or  brine;  another  for  freon  or 
methyl  chloride.  Eight  sizes  in  each 
type — all  with  4-speed  motors. 

AIR  CONDITIONERS— COLD 
WATER  AND  FREON  TYPES 

Choice  of  recirculation  of  indoor  air, 
entire  intake  of  outside  air,  or  a  com- 
bination of  both.  Cold  water  or  brine 
used  in  one  type;  freon  or  methyl 
chloride  in  another.  Modern  "sound 
isolated"  construction  assures  quiet 
operation.  Capacities  to  6  tons. 

LARGE  TYPE  AIR 
CONDITIONING  UNITS 

Suspended  and  floor  types,  cools, 
dehumidifies,  filters,  and  circulates  air 
in  summer;  heats,  humidifies,  filters 
and  circulates  air  in  winter.  Extreme 
flexibility  and  accessibility  "built-in". 
Cooling  capacities  from  5  to  50  tons  in 
both  Suspended  and  Floor  Type. 

McQUAY 
ICY-FLO  ACCUMULATORS 

The  new  practical  "Storage-Battery" 
for  refrigeration  effect  is  now  available 
for  handling  heavy  loads  of  short 
duration. 


New  Descriptive  Bulletins  are  ready 
on  all  McQuay  Products.  Write 
McQuay,  Inc.,  Minneapolis,  Minnesota. 
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DOWN  FLOW  UNIT 
HEATER 


BLOWER  TYPE  UNIT 
HEATER 


BLOWER  TYPE  UNIT 
HEATER 


COMFORT  COOLER 


AIR  CONDITIONER' 


AIR  CONDITIONER 
( YEAR-ROUND  ) 


Air  Conditioning  •  %?£$%• 


Modine  Manufacturing  Company 

Heating  and  Air  Conditioning  Division 

General  Offices:    17th  and  Holburn  Sts.,  Racine,  Wis. 

Factories  at  Racine,  Wis.  and  La  Porte,  Ind. 

Branches  in  all  Principal  Cities 


Complete  information  on  the  following 
products  including  engineering  data  and 
prices,  can  be  secured  by  writing  to  the 
Modine  General  Offices  at  Racine,  Wis- 
consin— or  by  communicating  with  nearest 
Modine  representative. 

MODINE  UNIT  HEATERS 


Front  View 


Back  View 


The  New  Modine  Unit  Heater  incorpo- 
rates in  its  design,  many  features  which 
contribute  to  more  satisfactory  and  eco- 
nomical industrial  and  commercial  heating. 

Sound  Silenced — Interior  surface  of 
casing  _is  coated  with  acoustical-mastic, 
deadening  noise  from  within.  Venturi  fan 
shroud,  integral  with  casing,  quiets  air 
in-rush  sound.  Velocity  generator  elimi- 
nates air-rush  noise  peaks.  Concentric 
rings  of  fan  guard  act  as  vibration  dissi- 
pators. 

Safety  Fan  Guard— Provides  staunch, 
steel  safeguard  again  hazard  of  unshielded 
fans.  Safety  is  built  in  as  standard  equip- 
ment. 

Protection  Against  Rust— Available 
by  Bonderizing — When  applied,  Bonder- 
izing  of  casing  and  sheet  metal  parts  makes 
them  resistant  to  formation  and  progress 
of  rust.  It  holds  finish  to  metal,  making  it 
more  durable  and  permanently  fine  in 
appearance. 

And   These   Additional   Features — 

(1)  Velocity  Generator  gives  greater  heat 
throw  without  increasing  power  require- 
ments. (2)  Patented  Expansion  Bend  per- 
mits tubes  to  stand  extreme  expansion. 
(3)  Direct  Pipe  Suspension  permits  instal- 
lation without  hangers — saves  cost. 


Model 

No. 

Over- 
all 
Height 

Width 

Depth 
Less 

Motor 

E.D.R. 

C.F.M. 

Motor 
RP.M. 

74 

113/4;; 

10" 

6" 

74 

296 

1580 

104 

14>/4" 

9" 

104 

350 

1580 

140 
172 
206 

191/2" 
221/2" 

i$ 

19" 

9" 
9" 
11" 

140 
172 
206 

540 
661 
843 

1580 
1580 
1120 

252 

22V? 

19" 

11" 

252 

980 

1120 

304 

22'/2" 

19" 

11" 

304 

1290 

1120 

362 

24" 

19" 

11" 

362 

1450 

1120 

414 
514 
606 

221/2" 
271A" 
27'A" 

19" 
23" 
23" 

11" 

414 
514 
606 

1370 
2250 
2440 

1120 
1120 
1120 

711 

271/5" 

23" 

1  1  1/2" 

711 

2430 

1120 

808 
904 

291/2" 
if,, 

26i/2" 

261%;; 

13" 

808 
904 

2760 
3370 

1120 
1120 

1050 

13" 

1050 

3770 

1120 

1200 

333// 

261// 

13" 

1200 

4120 

1120 

1380 

33" 

34* 

11" 

1380 

4960 

1120 

1610 
2030 

30" 
30" 

503/4" 
543/4" 

11" 
11" 

1610 
2030 

5920 
7720 

1120 
1120 

Unit  Heaters — Capacities  and  Dimensions 
(In  Inches) 
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All  above  models  are  available  with  variable  speed 
motors.  Units  for  hot  water  application  also  available. 

MODINE  VERTICAL  DELIVERY 
UNIT  HEATERS 

Modine  Ver- 
tical Delivery 
Unit  Heaters 
are  indicated 
wherever  con- 
el  it  ions  call  for 
more  directly 
downward  de- 
livery of  air 
than  is  provid- 
ed by  the  con- 
ventional de- 
sign of  unit  heaters.  In  factories  where 
high  clearance  is  essential,  as  for  crane- 
ways,  Modine  Verticals  serve  excellently. 
Over  store  and  office  doorways,  they  fit 
perfectly  into  the  need  for  a  blast  of 
warmed  air  to  offset  the  in-pressing  winter 
gales.  In  a  room  where  only  one  unit 
heater  is  needed,  the  Modine  Vertical  gives 
delivery  of  heat  to  the  entire  perimeter  of 
the  room.  Or  by  adjustment  of  the 
Modine  Cone-Jet  Deflectors,  this  delivered 
air  may  be  concentrated  in  limited  di- 
rections, even  checked  almost  entirely  to 
a  single  side  of  the  unit. 

Similarly,  multiple  installation  of 
Modine  Verticals  may  be  controlled  as  to 
heated  air .  deflection  so  as  to  give  more 
delivery  of  heated  air  to  outside  walls,  thus 
conforming  to  normal  heating  require- 
ments. Modine  Verticals  are  made  in 
thirteen  models.  Write  for  catalog. 


Modine  Manufacturing  Company 


Air  Conditioning 


Unit  Heaters 
and  Coolers 


MODINE  COPPER  CONVECTORS 

The  popular  copper  radiators  for  com- 
mercial and  public  buildings,  low  cost 
nouses,  etc. — wherever  the  benefits  of 
copper  con  vector  heating  are  desired.  At- 
tractive enclosures  with  removable  fronts. 
Wide  selection  of  grilles.  Rust  protection 
of  enclosures 
available  by 
Bonderizing. 
High  capacity 
copper  heating 
units.  Enclo- 
sures are  made 
in  three  types 
of  Recessed 
and  Floor  and 
Wall  Cabinets 
and  Concealed 
(plaster-front) 
types.  Cata- 
log 240-E. 

CABINET  UNIT  HEATERS 

Modine  Cabinet  Unit  Heaters  are  de- 
signed for  the  heating  of  offices,  lobbies, 
corridors,  auditoriums,  etc.  Used  in  con- 
junction with  a  steam  or  hot  water  system, 
they  climate  the  need  for  unsightly  obso- 
lete radiators. 
Models  include 
the  Floor  Cabi- 
net, Wall  Cabi- 
net,  Ceiling 
and  Recessed 
types — each 
available  in 
three  capaci- 
ties: 105,  310 
and450E.D.R. 
Bulletin  840. 

MODINE  BLAST  HEATERS 

Made  in  over  250 
sizes,  types  and  ca- 
pacities to  meet  the 
specific  demands  for 
heat  transfer  ser- 
vice. Outstanding 
features  are:  (1)  Ex- 
pansion Bend.  (2) 
All  steam  carrying 
passages  are  cylin- 
drical for  greatest 
possible  strength. 
(3)  From  inlet  to 
outlet  condenser  is 
of  copper  or  copper 
alloy.  (4)  Copper 
fins  are  bonded 
metallically  to 
tubes.  Catalog  340. 


MODINE  COOLING  COILS 

For  use  in  central  sys- 
tem cooling  and  air  con- 
ditioning plants,  Modine 
Cooling  Coils,  Cold 
Water  Type,  are  installed 
with  a  blower  fan  and 
duct  work.  Adaptable 
where  cold  water  or  non- 
corrosive  brine  is  used  as 
the  cooling  medium. 
Coils  are  available  in  cleanable  and  contin- 
uous Tube  types.  Catalog  540. 

UNIT  COOLERS  (Blower  Type) 


For  stores  and  offices.  This  unit  cools, 
cleans,  dehumidifies  and  circulates  the  air. 
Equipped  with  powerful,  yet  quiet  blower, 
extra  deep  cooling  coils  and  large-area  air 
filters.  May  be  installed  with  or  without 
duct  work.  Choice  of  cold  water  or  Freon 
cooling  coils.  Bulletin  440. 

AIR  CONDITIONER 
(Apartment  House  Type) 


A  compact  unit  performing  every  func- 
tion of  complete  winter  and  summer  air 
conditioning — for  apartments,  hotel  suites, 
residences,  offices,  and  shops.  Its  com- 
pactness allows  installation  in  a  closet 
above  shelving  or  in  a  hall  above  a  false 
ceiling.  Uses  steam  or  hot  water  for 
heating;  cold  water  or  Freon  for  cooling. 
Two  sizes.  Bulletin  638-B. 

AIR  CONDITIONER 
(Large  Central  Type) 

For  residential 
and  commercial 
year-'round  air  con- 
ditioning— may  be 
used  in  straight  air 
conditioning  or  split 
systems .  Uses 
steam  or  hot  water 
for  heating  and  cold 
water  or  Freon  for 
cooling.  Catalog 
639. 
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Air  Conditioning 


Unit  Heaters 
and  Coolers 


The  Herman 


PORTLAND,  MAINE 
BOSTON,  MASS. 
WESTFIELD,  MASS. 
NEW  YORK,  N.  Y. 


General  Offices  and 

Sales  and  Service 

SAGINAW,  MICH. 
GRAND  RAPIDS,  MICH. 
CLEVELAND,  OHIO 
CINCINNATI,  OHIO 


WATERVLIET,  N.  Y.    TOLEDO,  OHIO 


SYRACUSE,  N.  Y. 
BUFFALO,  N.  Y. 
PHILADELPHIA,  PA. 
HARRISBURG,  PA. 
PITTSBURGH,  PA. 
JOHNSTOWN,  PA. 
DETROIT,  MICH. 


WASHINGTON,  D.  C. 
BALTIMORE,  MD. 
RICHMOND,  VA. 
ROANOKE,  VA. 
CHARLOTTE,  N.  C. 
MIAMI,  FLA. 
BIRMINGHAM,  ALA. 


Nelson  Corporation 

Factories  at  Moline,  Illinois 

Offices  in  the  Following  Cities: 

NASHVILLE,  TENN.       OMAHA,  NEBR. 

MEMPHIS,  TENN.          OKLAHOMA  CITY,  OKLA. 

INDIANAPOLIS,  IND.      TULSA,  OKLA. 

CHICAGO,  ILL.  DALLAS,  TEXAS 

MILWAUKEE,  Wis. 

MOLINE,  ILL. 

PEORIA,  ILL. 

DES  MOINES,  IOWA 

ST.  Louis,  Mo. 

KANSAS  CITY,  Mo. 

EMPORIA,  KANS. 


MISSOULA,  MONT. 
DENVER,  COLO. 
SALT  LAKE  CITY,  UTAH 
SPOKANE,  WASH. 
SEATTLE,  WASH. 
PORTLAND,  ORE. 
Los  ANGELES,  CALIF. 


MINNEAPOLIS,  MINN.  SAN  FRANCISCO,  CALIF. 


The  complete  line  of  quality  heating, 
ventilating  and  air  conditioning  products 
manufactured  by  The  Herman  Nelson 
Corporation,  makes  possible  the  specifica- 
tion of  HERMAN  NELSON  for  industrial, 
commercial  and  public  buildings  of  all 
types. 

Industrial  areas  may  be  efficiently 
heated  with  Herman  Nelson  hijet  Heaters. 
The  complete  line  of  Horizontal  Shaft  or 
Vertical  Shaft  Propeller-Fan  hijets  or  the 
Blower-Fan  Type  hijets  provides  a  wide 
range  of  application  and  heating  capacities. 

Commercial  buildings,  too,  are  well 
adapted  to  the  application  of  hijet  Heaters. 
The  DeLuxe  hijet,  as  well  as  the  Propeller- 
Fan  Types,  provide  a  handsome  exterior, 
heating  efficiency  and  quiet  operation.  For 
winter  and/or  summer  air  conditioning, 
the  Year  Around  Air  Conditioning  Unit 
may  be  specified. 

Public  Buildings  may  be  most  satis- 
factorily provided  with  proper  heating  and 
ventilating  with  the  Herman  Nelson  Air 
Conditioner  For  Schools.  This  equipment 
maintains  desired  room  air  conditions  at 
all  times,  prevents  overheating,  eliminates 
drafts,  and  is  particularly  applicable  to 
areas  where  large  groups  of  people  gather, 
Ventilation  of  toilets  and  laboratories  may 
be  accomplished  with  the  Herman  Nelson 
Exhauster. 

Engineering  Data  applying  to  Herman 
Nelson  Products  may  be  obtained  from  our 
sales  representatives  or  The  Herman  Nel- 
son Corporation,  Moline,  Illinois. 


DeLuxe  hiJet 
Heater  (at  left}  pro- 
vides unusually 
large  heating  cover- 
age. For  floor,  wall 
or  ceiling  mount- 
ing. 

Air  Conditioner 
for  Schools  (right) 
available  for  damp- 
er or  radiator  con- 
trol in  classroom  or 
auditorium  types. 
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Vertical  Shaft  Propel- 
ler-Fan Type  hiJet 
Heater  discharges  air 
vertically  downward,  or 
available  to  discharge 
at  an  angle  to  vertical 
in  various  directions. 


Horizontal  Shaft 
Propeller-Fan  Type 
hiJet  Heater  (with 
adjustable  louvers') 
projects  air  down- 
ward in  desired  direc- 
tion. Also  available 
with  attractive  grille. 


Blower-Fan  Type 
hi  Jet  Heater  provides 
efficient  heating  of 
large  areas.  With 
by-pass  damper  if 
desired.  For  floor, 
wall,  ceiling  or  in- 
verted wall  mounting. 


Air  Conditioning  •  Uni-' -Heate" 


and  Coolers 


John  J.  Nesbitt,  Inc. 

Holmesburg,  Philadelphia,  Pa. 

11  Park  Place,  New  York  City  205  W.  Wacker  Drive,  Chicago,  111. 

Manufacturers  of 
THE  NESBITT  SYNCRETIZER  Heating  and  Ventilating  Unit, 

sold  by  John  J.  Nesbitt,  Inc.,  and  American  Blower  Corporation; 
NESBITT  HEATING  SURFACE  with  Dual  Steam- distributing  Tubes, 
NESBITT  SERIES  H  HEATING  SURFACE,  and 
NESBITT  SERIES  W  COOLING  SURFACE, 

sold  by  leading  manufacturers  of  fan-system  apparatus; 
WEBSTER-NESBITT  UNIT  HEATERS  and  AIR  CONDITIONERS 

See  page  987),  distributed  in  U.  S.  A.  by  Warren  Webster  &  Company. 


Interior  View 

The  Nesbitt  Syncretizer— Series  400 

The  last  word  in  heating  and  ventilating 
units  for  schoolrooms,  offices,  etc.,  where 
the  continuous  introduction  of  outdoor  air 
is  desired.  For  engineering  data,  get 
Publication  No.  225-1;  for  "The  Story  of 
Syncretized  Air,"  Publication  No.  231. 

Nesbitt  Series  B  Thermovent 

For  heating  and  ventilating  auditoriums, 
gymnasiums,  assembly  halls,  and  similar 
gathering  places.  Publication  No.  227-1. 

NESBITT  COOLING  SURFACE 

Series  W  (Water) 
Surface  with  exclu- 
sive drain  feature 

For  air  cooling 
and  cooling  and  de- 
humidifying  (with 
cold  water)  or  air 
heating  (with  hot 
water).  Construct- 
ed of  copper  tubes 
and  plate-type  alu- 
minum fins.  Avail- 
able in  either  con- 
tinuous or  cleanable 
tube  type,  in  single 
sections  having  one 
to  eight  rows  of 


Uncased  Surface 
Showing  Drain  Header 


tubes  deep,  in  three  fin  spacings,  in  eleven 
fin  widths,  and  up  to  sixteen  finned  tube 
lengths.  Sturdy  galvanized  casings.  For 
particulars  and  engineering  data  send  for 
Publication  No.  233. 


NESBITT  HEATING  SURFACES 

Nesbitt  Heating  Surface  with 

Dual  Steam-distributing  Tubes 

Copper  tubc-aml-fin  surface  for  low- 
pressure  applications.  Perfectly  adapted 
to  close,  continuous  automatic  control  with 
modulating  steam  valves.  Steam-dis- 
tributing tubes  within  the  condensing 
tubes  carry  the  steam  equally  to  the  full 
section  assuring  UNIFORM  discharge 
temperatures  even  under  a  throttled  steam 
supply;  eliminating  temperature  strati- 
fication; preventing  tube  freezing  without 
preheaters;  giving  ideal  system  results. 

Cased  or  uncased  units  of  many  sixes 
and  capacities.  Sold  (like  all  other  Nesbitt 
Surface)  by  leading  manufacturers  of  fan- 
system  apparatus  (list  upon  request).  For 
full  particulars  and  engineering  data,  send 
for  Publication  No.  229-1. 

Nesbitt  Series  H  Heating  Surface 

A  lightweight,  enduring,  highly  efficient 
blast-coil  heating  surface  designed  for  use 
with  steam  pressures  up  to  200  Ib  gauge. 
Well  suited  to  high-pressure  as  well  as  low- 
pressure  applications.  Seven  types,  each  in 
eight  fin  widths  and  up  to  sixteen  finned 
lengths — a  total  of  784  sizes  from  which  to 
select.  Sold  by  leading  manufacturers  of 
fan-system  apparatus  (list  upon  request). 
Send  for  Publication  No.  232  for  complete 
engineering  data. 
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Factory: 
NEWARK,  N.  J 


JVil£.     C>)O.  Canadian  Factory: 

MONTREAL 


L.  J. 

59  Seventh  Avenue,  New  York,  N.  Y. 

Branch  Offices  in     ^SSCDfillll^7      Principal  Cities 


Wing  Featherweight  Unit  Heaters— Revolving  Discharge  Type 


This  innovation  in  the  method  of  dis- 
tributing heat  produces  a  sensation  in 
heating  comfort  never  before  attained — a 
sensation  of  fresh,  live,  invigorating  air. 

The  fact  that  the  outlets  revolve  assures 
uniform  and  thorough  distribution  of  com- 
fortably warmed  air  throughout  the  entire 
working  area,  without  drafts,  hot  spots 
or  cold  spots. 

Such  an  unprecedented  high  efficiency 
in  distributing  heat  is  the  result  of  nearly 
20  years  of  constant  study  by  Wing  engi- 
neers to  improve  on  the  Floodlight  System 
of  heating  originated  by  WING  in  1920. 
This  method  projects  the  heated  air  verti- 
cally downward  by  means  of  light-weight, 
ceiling-suspended  unit  heaters. 

It  has  needed  only  this  latest  refinement 
of  slowly  revolving  discharge  outlets  to 
bring  that  method  to  perfection. 

The  WING  Revolving  Discharge  type 
supplements  the  WING  line  of  standard 
fixed  discharge  outlets,  illustrated  and 
described  on  the  following  page, 


The  latest  type  of  WING  Unit  Heater— 
with  Revolving  Discharge  Outlets—is 
just  as  great  a  contribution  to  the 
art  of  industrial  heating  as  was  the 
Ceiling-Suspended  Unit  Heater,  origi- 
nated by  WING  in  1921. 


Diagram  showing  thorough  coverage  of  area  to  be 
heated  by  means  of  revolving  discharge  outlets 
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WING  FEATHERWEIGHT  UNIT  HEATERS 

Floodlights  of  Heat  for  Economical  Heating  of 
Industrial  and  Commercial  Buildings 

Low  heating  cost  and  uniform  diffusion  of  comfortable 
warmth  are  two  features  in  which  WING  Floodlight  Heating 
excels  all  other  systems. 

Located  near  the  ceiling  or  roof,  WING  heaters  prevent 
accumulation  of  hot  air  in  the  upper  spaces  with  the  accom- 
panying costly  waste  of  heat. 

They  project  the  air,  comfortably  wanned,  to  the  working 
area  where  the  heat  spreads  to  every  point.  Vertical  downward 
discharge  from  multiple  outlets  at  proper  velocity  assures 
even  distribution. 

The  lightness  of  WING  units  permits  their  suspension 
directly  overhead  in  any  location.  Furthermore,  one  WING  unit  heater  with  multiple 
discharge  takes  the  place  of  several  one-direction  heaters  at  less  cost  for  units,  piping, 
wiring  and  installation. 

There  is  a  type  for  every  condition  from  low  ceiling  to  installations  as  high  as  55  ft. 
from  the  floor. 

Type  HC  heaters  should  be  used  wherever  roof  or  ceiling  height  permits.    Type  LC 
has  the  same  capacity  as  Type  HC  and  is  designed  for  low  buildings.    Bulletin  II-8. 


"Stationary  Discharge" 
Unit  Heater 


Variable  Temperature 
Heating  Section. 


Wing  Featherfin  Heater  Sections 

For  heating  or  cooling  air  for  any  purpose  by 
steam,  hot  water,  cold  water  or  refrigerant.  Offer 
slight  resistance  to  air  flow. 

Variable  Temperature  Sections 

Allow  close  control  of  the  delivered  air  tem- 
perature without  danger  of  freezing  which   is 
likely  when  control  is  accomplished  by  throttling   Detail  of  Wing  Feathrfin 
of  steam.    Invaluable  in  supplying  fresh  air  for 
space  heating  or  in  process  work.    Bulletin  II^L 


Wing  Garage  Heaters — For  effective 
and  economical  heating  of  garages.  Some- 
times cut  heating  costs  in  half.  Bulletin 
G-jf. 


Wing  Door  Heaters-  For  instan- 
taneously heating  inrush  of  cold  air  at 
large  doorways  of  industrial  buildings. 
Bulletin  D-L 


Wing  Utility  Unit  Heaters 

A  lightweight  suspended 
unit  heater  for  delivering 
heated  air  in  one  general 
direction.  Has  the  same 
powerful  fan  and  rugged 
heating  element  as  WING 
Featherweight  Unit  Heat- 
ers.  This  is  the  latest  re- 
finement of  the  original  horizontal  light- 
weight heater  which  was  developed  bv 
WING.  Bulletin  U-4C. 


Wing  Industrial  Fog  Eliminators 

Eliminate  fog,  odor 
and  fumes  in  dyeing, 
bleaching  and  finish- 
ing plants,  creamer- 
ies, pasteurizing,  bot- 
tling, canning  and 
packing  plants,  chem- 
ical  works,  paper 
mills,  steel  pickling 
plants,  etc.  No  ducts 
are  required. 
Bulletin  FE-12. 
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Wing-Scruplex  Safety  Ventilating  Fans 

A  propeller  type 
fan  that  will  deliver 
air  against  static 
pressure,  quietly 
and  efficiently. 

Moves  the  air  for- 
ward in  straight 
lines  with  minimum 
eddy.  Capacities  to 
100,000  cfm.  Bul- 
letin F-8. 


Wing  Featherfin  Process  Heating  Units 

For  man- 
ufactur- 
ing pro- 
cesses 
such  as 
drying, 
aging , 
etc.,  re- 
quiring the  recirculation  of  the  heated  air. 
Motor  or  turbine  located  outside  air  cur- 
rent. Bulletin  P-8. 


Wing-Scruplex  Exhausters 

For  economically  moving  air  wherever  ducts 
are  used.  It  combines  the  efficient  WING- 
Scruplex  Propeller  Fan  with  a  housing  which 
places  the  motor  entirely  outside  the  air  duct. 
Motor  and  drive  remain  cool  and  clean  and  are 
easily  accessible. 

The  powerful  WING-Scruplex  Fan  delivers 
high  air  volume  with  low  powej"  consumption 
against  any  pressures  for  which  duct  systems 
should  be  designed.  V-belt  or  direct  drive. 

Light,  compact  and  easy  to  install.  Bulletin 
7  8- A. 


WING  System  of  Controlled  Combustion 

For  low  pressure  heating  boilers  and  small  power 
boilers.  Increases  capacity  and  permits  use  of 
lowest  cost  fuel.  Includes  Type  EM  Blower 
equipped  with  fully  enclosed  dustproof  motor  with 
speed  regulating  rheostat  and  automatic  control. 
Eliminates  necessity  of  frequent  firing,  allowing 
intervals  as  great  as  24  hours  even  in  zero  weather. 
Bulletin  M-86. 


Wing  Turbine-Driven  Blowers 

Applied  to  hand,  stoker,  oil  or  pulverized 
fuel  fired  boilers,  increase  boiler  capacity, 
maintain  constant  steam  pressure  and 
permit  com- 
plete combus- 
tion of  low-cost 
fuels.  The  ex- 
haust steam, 
free  from  oil, 
can  be  used  for 
heating  or  pro- 
cesses. Bulletin 
T-97A. 


Installation  of  Wins  System  of  Controlled 
Combustion  in  a  large  school 


WING  Draft  Inducers 

Installed  in  breeching  or  flue,  or  on 
chimney  top;  provide  positive,  exact  draft 
regardless  of  weather  conditions  or  inade- 
quate chimney 
or  breeching  con- 
struction. Suit- 
able for  coal,  oil, 
or  gas-fired  boil- 
ers; industrial 
furnaces  and 
kilns.  Bulletin 


Type  COM 


Chimney-Top  Installation 


1-10. 


WING  Motor-Driven  Blowers 


Type  COM 
for  static  pres- 
sures up  to  10 
in.  W.  G.  and 
volumes  up  to 
50,000  cfm. 
Type  EMD 
for  moderate 
static  pres- 
sures up  to  2  J^ 
in.  Both  blowers  have 
fully-enclosed  dustproof 
constant  speed^  motor 
and  built-in  adjustable 
control  vanes.  Type 
COM  has  double-staged 
axial  flow  fan;  Type 
EMD,  single  stage  fan. 
Extremely  compact ;  dis- 
charge can  be  vertical, 
horizontal  or  inclined. 
Bulletin  CO-S. 
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The  Trane  Company 

2021  Cameron  Avenue,  La  Crosse,  Wisconsin 

MANUFACTURERS  OF  HEATING,  COOLING 
AND  AIR  CONDITIONING  EQUIPMENT 

Over  80  U.S.  Branch  Offices 

Altentown,  Pa.,  Altoona,  Pa.,  Amarillo,  Tex.,  Appleton,  Wis.,  Altanta,  Ga,,  Aurora,  111.,  Baltimore,  Md. 
Birmingham,  Ala.,  Boston,  Mass.,  Brooklyn,  N.  Y.,  Buffalo,  N.  Y.,  Canton,  Ohio,  Charleston,  W.  Va, 
Chattanooga,  Tenn.,  Chicago,  111.,  Cincinnati,  Ohio,  Clarksburg,  W,  Va.,  Clarksville,  Tenn.,  Cleveland, 
Ohio,  Columbus,  Ohio,  Dallas,  Tex.,  Davenport,  la.,  Dayton,  Ohio,  Denver,  Col.,  DOS  Moines,  la.,  Detroit 
Mich,,  Flint,  Mich.,  Gainesville,  Fla.,  Grand  Rapids,  Mich.,  Greensboro,  N.  C.,  Greenville,  S.  C.,  Harris- 
burg,  Pa.,  Houston,  Tex.,  Indianapolis,  Ind.,  Jackson,  Miss.,  Kalamazop,  Mich.,  Kansas  City,  Mo,, 
Knoxville,  Tenn.,  LaCrosse,  Wis.,  Lake  Charles,  La.,  Little  Rock,  Ark.,  Livingston,  Mont ,  Los  Angeles, 
Calif.,  Louisville,  Ky.,  Memphis,  Tenn.,  Miami,  Fla.,  Milwaukee,  Wis.,  Miasoula.  Mont.,  New  Orleans,  La 
Newark,  N.  J.,  New  York,  N.  Y.,  Oklahoma  City,  Okla,  Omaha,  Neb.,  Peoria,  111.,  Philadelphia,  Pa.,  Phoenix 


Syracuse,  N.  Y.,  Toledo,  Ohio,  Washington,  D.  C.,  West  Hartford,  Conn.,  West  Haven,  Conn.,  White 
Plains,  N.  Y.,  Wilkes-Barre,  Pa.,  Zanesvillc,  Ohio, 

Sales  Connections  All  Over  The  World 

Export  Dept.:    75  West  St.,  New  York,  N.  Y. 

In  Canada:    TRANE  COMPANY  OF  CANADA,  LTD.,  Mowat  and  King  Sts.,  W.,  Toronto,  Ont.  (11  Branches) 


TRANE  EDUCATIONAL  MATERIALS 
Trane  Air  Conditioning  Manual 


Trane  offers  the  engineering  profession  a 
comprehensive,  straightforward  and  un- 
biased textbook  covering  the  fundamentals 
of  air  conditioning.  Trane  engineers  have 
gathered  all  available  material,  sifted  and 
analyzed  it  carefully  to  produce  in  one 
volume  the  essence  of  air  conditioning 
practice.  The  Trane  Air  Conditioning 
Manual  not  only  shows  how  to  design 
every  type  of  air  conditioning  system,  but 
also  clarifies  underlying  principles  enabling 
both  the  student  and  the  engineer  to  reason 
out  their  own  problems  rather  than  to 
blindly  follow  complicated  formulas.  Price 
—$5.00. 

Trane  Air  Conditioning  Ruler 
and  Psychrometric  Chart 

To  solve  air  conditioning  problems  with 
speed  and  accuracy,  The  Trane  Company 
has  developed  the  Air  Conditioning  Ruler 
and  Psychrometric  Chart.  It  eliminates 
the  laborious  calculation  entailed  by  out- 
moded methods — saves  two-thirds  of  your 
time  in  figuring  air  conditioning  problems. 


TRANE  PRODUCTS 
Trane  Gonvectors 

In  using  the  Trane  Con  vector  it  costs  no 
more  for  the  smooth,  steady  flow  of  clean, 
even  heat  obtained.  It  costs  no  more  for  a 
lighter,  yet  sturdier, 
unit  which  has  superi- 
or heat  transfer  abili- 
ty. You  pay  no  bonus 
for  the  harmonious 
design  of  this  clean, 
space  saving  method 
of  heat  diffusion  for 
all  steam  and  hot 
water  heating  sys- 
tems. Trane  offers  a  complete  line  for 
both  visible  and  concealed  installation. 

Trane  Warm  Water  Heating 
Trane  Warm  Water 
Heating  Systems  bring 
low  cost  luxury  and 
comfort  to  the  most 
modest  residence.  The 
Trane  Circulator, 
Trane  Flo  Valves  and 
Fittings  make  the  hot  water  heating  sys- 
tem function  properly  and  economically. 
Unique  in  design  and  application  to  achieve 
lower  initial  cost  of  complete  heating 
systems. 

Trane  Unit  Heaters 

Trane  pioneered  and 
introduced  a  unique 
heating  unit — the 
Trane  Projection  Unit 
Heater — which  accom- 
plishes a  superior  dif- 
fusion of  heat  from  advantageous  high  or 
low  ceiling  installation.  The  broad  range 
of  Trane  Projection,  Propeller  and  Blower 
Type  Unit  Heaters  enables  Trane  to  make 
unbiased  recommendation  of  the  unit  best 
suited  to  do  your  job. 
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Trane  also  manufactures  a  huge  line  of 
standard  projection,  propeller,  and  blower 
unit  heaters  for  every  conceivable  unit 
heating  need  in  buildings  of  all  types. 

Trane  Climate  Changers 

The  Trane  Climate  Changer  line  affords 
a  unit  selection  for  practically  every  known 
air  conditioning  purpose.  Five  major  types 
possess  a  diversity  of  application  possibili- 
ties as  well  as  a  capa- 
city of  range  from  250 
to  20,000  cfm.  Units 
may  be  arranged 
for  complete  summer 
and/or  winter  air  con- 
ditioning and  may  be 
equipped  for  either 
steam  or  hot  water 
heating,  and  for  cooling 
with  water,  brine  or 
direct  expansion  refrig- 
erant. Literally  scores 
of  sizes  and  styles  are  available  for  floor, 
suspended  or  concealed  installation — com- 
fort or  process — in  all  types  of  buildings 
everywhere. 

Trane  Coils 

The  integral  fin- 
and-tube  construc- 
tion of  the  Trane  Coil 
provides  complete 
heat  transfer  for  all 
heating,  cooling,  dry- 
ing, and  air  condition- 
ing services.  Trane  has  several  thousand 
different  styles  and  types  of  coils  to  meet 
all  requirements.  Types  include:  high  and 
low  pressure  steam  coils;  hot  and  cold 
water  coils;  blast  coils;  drying  coils;  direct 
expansion  coils;  coils ( of  special  materials 
for  special  gases  or  liquids;  easy-to-clean 
coils  for  water  containing  foreign  matter; 
coils  for  installation  in  units,  in  ductwork, 
or  for  separate  service. 

Trane  Cooling  Equipment 

Trane  manufactures  a 
complete  line  of  Evapo- 
rative Condensers,  Evapo- 
rative Coolers,  Product 
Copiers,  Brine  Spray 
Units,  Comfort  Coolers, 
Railroad  and  Bus  Air 
Conditioners,  and  Radio 
Tube  Coolers.  The  Trane 
Evaporative  Condenser 
(shown)  saves  up  to  90  per  cent  in  water 
costs  for  refrigerant  condensing.  Trane 
Cooling  Equipment  is  available  in  the 
-correct  size  or  type  to  meet  any  require- 
ment. 


Trane  Heating  Specialties 

There  are  over  fifty  Valves, 
Traps,  Vents,  Strainers  and 
allied  specialties  in  the  Trane 
Heating  Specialty  line.  De- 
signed to  afford  protection  and 
accurate  control  to  the  steam, 
vapor,  or  vacuum  heating  system,  Trane 
Specialties  are  expertly  fabricated  of  select 
materials  to  insure  top  performance  and 
create  definite  fuel  savings.  Trane  Heat- 
ing Specialties  meet  the  rigid  specifications 
of  the  United  States  Navy. 

Trane  Refrigeration  Units 


The  Trane  Turbo- Vacuum  Compressor 
is  a  hermetically  sealed,  centrifugal  type 
water  chiller  which  operates  under  low 
pressure.  It  is  a  complete  "equipment 
room"  in  one  compact  package.  Only  two 
moving  parts  and  25  per  cent  lighter  than 
comparable  types.  Trane  also  manu- 
factures a  complete  line  of  Reciprocating 
Compressors  available  in  sizes  from  3  to 
50  tons  capacity.  Built  for  long  term 
performance. 

Trane  Gas-Fired  Equipment 

^SHJBBft  Trane  manufacturers  a 
BiHliE9  comP^ete  ^ne  °f  gas-fired 
••Riilil  equipment,  including  Gas 
•^^Hl  SPace  Heaters,  Unit  Heat- 
Hilllllll  ers'  an<^  Horizontal  and 

,,JBBnBU  Vertical  Gas-Winter  Air 
••••I  Conditioners.  These  units 
m|^^H  embody  a  light-weight  heat 
^^  generator  and  heat  ex- 

changer— speedy  heat 

maker — safe  and  automatic. 

Other  Trane  Equipment 

Trane's  complete  line  also 
includes  handsome,  sturdy  Self- 
Contained  Air  Conditioners  in 
3,  5,  7Ji  10  and  15-ton  ca- 
pacities. Also,  Condensation, 
Circulating  and  Booster  Pumps, 
Temperature  Control  Valves, 
Air  Washers,  Spray  Nozzles, 
Fans,  Unit  Ventilators,  Hu- 
midifying Conditioners  and  Dehumidifiers. 
Bulletins  available  on  all  Trane  Products. 
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STREAM  A  IRE 
Connectors 


Commercial  Units 


Ductless  Air  Conditioning 
Units 


Type  "FC"  Heating  Units 


Air  Conditioning  Units 

Young  heating  and  cooling  products 

are  available  in  many  sizes  and  capacities. 
Complete  information  on  any <  product- - 
capacities,  dimensions  and  installation 
drawings — may  be  secured  by  requesting 
catalogs. 

Air  Conditioning  Units—  For  heating, 
cooling,  humidifying,  dehumidif  ying,  clean- 
ing and  circulating  air  are  made  in  eight 
sizes  for  home  or  industrial  installations, 

VERTIFLOW  Unit  Heaters  Type 
"VH" — An  industrial  type  unit  heater 
designed  for  ceiling  suspension.  Twelve 
models  of  capacities  from  30,000  to  480,000 
Btu  per  hour. 

Unit  Heaters  Models  "SH"  and 
"TH" — A  complete  line  of  single  and 
twin  fan  suspended  units,  32  sizes  with 
capacities  from  18,000  to  658,000  Btu 
per  hour. 

"FH"  Unit  Heaters—Ten  models  with 
capacities  from  120,000  to  800,000  Btu 
per  hour. 

STREAMAIRE  Convectors— Designed 
for  one  pipe,  two  pipe  steam  or  hot  water. 
Six  types  of  cabinets  are  available. 

Commercial  Units — A  compact  heat- 
ing or  cooling  surface. 

Cooling  Coils— Type  "W"  with  con- 
tinuous tubes,  Type  "K"  with  removable 
headers,  for  use  with  water  or  brine. 

Blast  Units — An  encased  heating  sur- 
face used  in  forced  air  heating  or  cooling 

systems. 

Ductless  Air  Conditioning  Units-— 

A  floor  unit  of  high  capacity  operating  with 
steam  or  hot  water  systems. 

"FC"  Heating  Units— Floor  units  pro- 
vided with  two  fans — designed  to  operate 
on  steam  or  hot  water  heating  systems. 

Evaporators— Designed  for  mechanical 
refrigeration  systems  using  Freon  or 
methyl  cloride, 
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AIR  SYSTEM  EQUIPMENT 

• 

Air  systems  for  heating,  cooling  and  ventilating  services  are  produced  by 
grouping  various  machines  and  accessories,  each  performing  a  function  in 
the  complete  cycle  of  the  desired  operation.  The  essential  parts  and  acces- 
sories described  by  the  manufacturers  are  contained  in  the  following  groups: 

AIR  FILTERS  AND  CLEANERS  (p.  862-877) 

Mechanical   and    electrical   methods   of   filtering,   also   air   washing   and    purifying 
apparatus  and  their  applications. 
Technical  data  on  this  subject  will  be  found  in  Chapter  28. 

HUMIDIFYING  UNITS  (p.  878-882) 

For  supplying  moisture  to  air  and  controlling  its  volume  as  desired  for  industrial 
and  commercial  uses,  or  for  comfort  requirements. 
Technical  data  is  contained  in  Chapter  23. 

COOLING  TOWERS  AND  SPRAY  EQUIPMENT  (p.  879-882) 

For  cooling  and  reclaiming  water  used  in  industrial  processes  and  air  conditioning. 
Technical  data  will  be  found  in  Chapter  26. 

HEAT  TRANSFER  SURFACES  (p.  883-886) 

As   parts   of   heating   and   cooling   units,   and   for   separate   use   in   industrial   and 
commercial  heating  and  cooling  systems. 
Technical  data  is  contained  in  Chapter  25. 

CONDENSING  UNITS  AND  REFRIGERATING  MACHINERY  (p.  887-898) 

For  refrigerating  processes  and  for  cooling  purposes  in  industrial,  commercial  and 
comfort  air  conditioning  service. 
Technical  data  will  be  found  in  Chapter  23. 

FANS  AND  BLOWERS  (p.  899-914) 

For  use  as  separate  air  circulating  equipment,  or  as  parts  of  heating  and  air  con- 
ditioning units. 
Technical  data  is  contained  in  Chapters  22  and  29. 

MOTORS  (p.  915-917) 

Used   in   conjunction   with   blowers,  fans,   stokers,   oil   burners  and   other  heating, 
cooling  and  air  conditioning  apparatus. 
Technical  data  on  motors  will  be  found  in  Chapter  35. 

REGISTERS  AND  GRILLES  (p.  918-932) 

Air   diffusion   equipment   for   use   with   heating,   ventilating   and    air   conditioning 
systems. 
Technical  data  relating  to  this  equipment  is  contained  in  Chapters  30  and  31. 

SHEET  METAL  AND  TUBULAR  PRODUCTS  (p.  933-935) 

Sheets  for  air  ducts  and  enclosures;  pipes  for  gas,  refrigerants,  steam,  water,  etc. 
Technical  data  on  pipe  and  piping  is  contained  in  Chapters  14  and  17. 

Manufacturer's  products  shown  in  this  division  are  designed  for  specific  applications. 
Consult  the  Index  to  Modern  Equipment  for  additional  products  of  these  manufacturers. 
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The  Air-Maze  Corporation 

5202  Harvard  Avenue,  Cleveland,  Ohio 


Resistance — For  2  in.  thick  panels  the 
resistance  varies  from  0.089  in.  to  0.10  in. 
H20  when  handling  2  cfm  per  square  inch 
of  filter  area  (288  fpm  velocity);  and  for 
4  in.  thick  filters  the  resistance  varies  from 
0.121  in.  to  0.140  in.  H2O  at  2  cfm  per 
square  inch  (288  fpm  velocity);  the  vari- 
ation being  in  accordance  with  the  differ- 
ent types  of  filter  media  construction 
available.  To  obtain  specific  restriction 
data  write  for  graph  RE-2A, 

Construction — AIR-MAZE  filters  are 
of  patented  construction  consisting  of  a 
maze  of  alternately  placed  and  exactly 
spaced  crimped  galvanized  wire  screens  of 
selected  meshes;  these  are  arranged  with 
precision  so  as  to  create  graduated  and 
progressive  density,  and  to  positively  em- 
body the  baffle  impingement  principle. 
The  filter  element  is  enclosed  in  a  heavy 
gauge  metalescent  enameled  steel  frame 
having  an  open  end  to  simplify  servicing. 

EASY  TO  CLEAN  AND  CHARGE 


Wash  out  filtered 
matter  in  a  pan 
of  hot  water  or 
under  a  stream 
of  hot  water. 


drop  sharply 
several  times, 
This  facilitates 
Cut-away  View          drainage. 
After  cleaning  and  also  after  charg- 
ing, set  panel  on  edge,  with  open  end 
down,  to  drain. 


Cleaning — Simply  tap  panel  a  few 
times  on  a  hard  surface  to  remove  heavy 
accumulations  and  then  wash  under  a 
stream  of  hot  water  or  in  a  pan  of  hot 
water.  Steam  also  cleans  the  panels 
quickly  and  effectively.  Be  sure  filter  is 
dry  before  charging. 

Charging — (For  general  applications) 
Spray  both  front  and  back  of  panel  with 
just  enough  oil  to  coat  the  wires.  Any 
inexpensive  oil  of  S.A.E.  40  or  50  viscosity 
is  suitable.  An  ordinary  insect  spray  gun 
will  do  the  work  splendidly.  Or,  if  desired, 
panel  may  be  immersed  in  oil  and  then 
thoroughly  drained. 


AIR-MAZE  INSTALLATION  FRAMES 


I  Air-Maze  Panel  holding 
frames  assure  efficient,  attractive  installations. 

AIR-MAZE  panel  holding  frames  are 
constructed  of  metalescent  enameled  heavy 
gage  steel  having  %  inch  flanged  back 
edge.  A  thick  felt  lining  on  inside  of  flange 
insures  against  air  leakage  when  panels 
are  in  place.  One  frame  may  be  used 
alone  in  single  panel  installations,  or  a 
group  of  frames  may  be  supplied,  fixed 
together;  thus  a  large  bank  of  filter  panels 
may  be  provided.  Every  frame  section  is 
fitted  with  snap  catches  as  standard  equip- 
ment; a  lift  handle  is  installed  on  each 
panel. 

In  determining  frame  sizes,  %  inch  is 
allowed  over  the  EXACT  width,  and 
%  inch  over  the  EXACT  height  dimen- 
sions of  the  panels.  These  dimensions 
include  frame  edge,  clearance  and  felt 
edge  seals. 

Specify  AIR-MAZE—for  all  air  filter 
installations  and  you  will  be  assured  of 
efficient,  economical  performance.  Write 
for  specification  bulletin  CCC-69. 

Engineering  Service  Available— The 
Air-Maze  Engineering  Department  will 
gladly  offer  installation  suggestions  for 
special  air  filter  applications. 

Other  AIR-MAZE  Products— In  ad- 
dition to  the  panel  types,  Air-Maze  Cor- 
poration also  manufactures  a  complete  line 
of  circular  shaped  air  filters  for  use  in 
various  Railroad,  Industrial  and  Auto- 
motive applications. 

Literature  Available— Catalog  GPC- 
740  describing  industrial  types  "A,"  "B," 
Greastop,  and  Kleenflo  panel  filters.  Cat- 
alog describing  Air-Maze  Oil  Bath  type, 
Multimaze  and  Unimaze  filters  for  internal 
combustion  engine,  air  compressor  and 
blower  applications. 
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,  Air  Filters 
and  Cleaners 


AMERICAN  AII^FILTERCOMPANY  INC. 

673  Central  Avenue,  Louisville,  Ky. 

Representatives  in  Principal  Cities 


Dust  Engineering — Dust 

Engineering  is  that  branch%f 
applied  science  which  deals 
with  the  origin,  nature  and 
characteristics  of  the  small 
solid  air-borne  particles  called 
"dust,"  and  the  development 
of  methods,  processes  and 
apparatus  for  ks  control  or 
elimination. 

The  American  Air  Filter 
Company,  Inc.,  has  had  an 
important  part  in  advancing 
the  science  of  Dust  Engineer- 
ing. The  efforts  of  its  Re- 
search and  Engineering  Staff 
for  the  past  twelve  years  have 
been  devoted  exclusively  to 
the  study  of  dust  problems 
and  the  development  of  a 
complete  line  of  air  cleaning 
equipment  for  modern  air 
conditioning,  building  venti- 
lation and  the  control  of  pro- 
cess dust  in  industry. 

American  Air  Filter  pro- 
ducts, therefore,  not  only 
embody  the  knowledge  ac- 
cumulated from  years  of  con- 
stant research  and  the  ex- 
perience gained  from  design- 
ing, building  and  applying 
thousands  of  air  filters,  but 
are  backed  by  ample  technical 
and  financial  resources  to  in- 
sure their  outstanding  posi- 
tion in  the  Dust  Engineering 
field. 

Products — American  Air 
Filters  are  available  for  every 
condition,  with  operating 
characteristics  and  efficiencies 
to  suit  specific  problems.  In 
general,  there  are  two  distinct 
types  based  upon  the  "viscous 


Airmal  Type  PL-84  Filte 


M/W  &  Filter 


Throway  Air  Filter 


Renu-Vent  Filter 


film"  and  "dry  mat" 
principles.  Each  type  is 
made  in  several  styles 
which  differ  in  methoa  of 
operation,  servicing,  space 
required  and  initial  cost 
to  meet  the  various  con- 
ditions encountered  in  air 
cleaning  problems.  A  dis- 
cussion of  various  filter 
types  will  be  found  in  the 
Technical  Data  Section 
under  "Air  Cleaners." 
Air  filters  are  generally 
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used  for  the  removal  of  dust, 
dirt,  bacteria  and  other 
foreign  matter  from  the  air 
and  are  applied  to  general 
ventilation,  modern  air  con- 
ditioning, process  dust  con- 
trol; for  air  compressors  and 
Diesel  Engines;  mill  motors, 
turbo-generators  and  other 
electrical  applications;  and 
for  air  or  gas  under  pressure 
to  remove  entrained  oil, 
moisture  and  dirt. 

Air  Filters  In  Air  Con- 
ditioning— Filtered  air  is 
today  recognized  as  essential 
in  modern  air  conditioning. 
There  are  other  important 
factors  which  contribute  to 
our  comfort  such  as  tem- 
perature, air  movement  and 
humidity,  but  science  today 
emphasizes  the  prime  neces- 
sity of  pure  air  for  health  and 
efficiency. 

Air  cleaners  have,  of  course, 
always  been  considered  an 
integral  part  of  large  central 
systems.  These  are  usually 
of  the  fully  automatic  type 
such  as  the  Multi- Panel  filter, 
illustrated  in  the  accompany- 
ing photograph. 

There  are  now  available  to 
manufacturers  of  unit  air 
conditioners  moderate  priced 
unit  filters  such  as  the  Renu 
filter,  the  Throway  filter,  and 
other  types  of  filters  illu- 
strated on  this  page. 

The  Renu  filter  is  an 
entirely  new  departure  in  air 
filter  construction.  It  con- 
sists of  a  permanent  metal 
frame  provided  with  a  re- 
movable cover  and  renew- 
able filter  pad.  The  cover 


Standard  Viscous  Unit  Filter 


American  Air  Filter  Co.,  Inc. 
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Air  Filters 
and  Cleaners 


is  easily  removed  without 
the  use  of  tools,  and  filter 
pad  can  be  lifted  out  and 
replaced  with  a  new  one  at 
very  small  expense. 

The  Throway  filter,  as 
the  name  implies,  is  de- 
signed to  be  discarded  after 
it  has  served  its  maximum 
period  of  usefulness  and  re- 
placed with  a  new  filter  unit. 
The  Filter  pad  is  enclosed  in 
a  perforated  cardboard  con- 
tainer which  makes  it  pos- 
sible to  readily  dispose  of 
the  dirty  filter  by  burning  it. 

There  is  probably  no  sin- 
gle item  which  costs  as  little 
and  may  mean  as  much  in 
the  design  of  an  -air  con- 
ditioner as  air  filtration. 
These  units  are  furnished  in 
any  dimensions  or  shapes 
desired — usually  in  units 
handling  400  cfm  and  from 
2  in.  to  4  in.  thick.  They 
are  usually  made  in  the 
following  sizes — 20  x  20  in., 
16  x  25  in.  and  16  x  20  in. 
High  cleaning  efficiencies 
can  be  secured,  with  a  re- 
sistance to  air  flow  ranging 
from  Jfe  m-  to  %  in.  water 
gauge. 

Automatic  Self-Glean- 
ing Air  Filters— The 

American  line  of  automatic 
air  filters  is  among  the  most 
complete  ever  offered.  Prov- 
ed in  principle  and  perform- 
ance by  years  of  actual 


Electro-Matic  Air 
Filter — Incorporates  elec- 
trical precipitation  as  an 
integral  function  of  an  auto- 
matic self-cleaning  viscous 
filter  to  obtain  a  higher 
over-all  efficiency  in  dust 
removal.  Its  higher  effi- 
ciency as  an  air  cleaning 
unit,  is  due  principally  to 
the  collection  of  the  finer 
dust  particles  and  smoke, 
by  electrical  precipitation. 
In  combination,  these  two 
methods  of  cleaning  air  not 
only  give  the  highest  effi- 
ciency in  dust  removal  but 
offer  operating  advantages 
found  only  in  the  automatic 
self-cleaning  filter. 


Armored 
Multi-Panel  A  utomatic 


Section  of  Multi-Panel  filter  curtain 
showing  unique  construction  of  new 
Armored  Panel.  Dark  portion  of 
screen  is  bakelite-fibre  coated.  The 
bright  uncoated  screen  lies  immedi- 
ately behind  the  Armored  section  of 
the  preceeding  panel  and  provides  the 
second  or  intermediate  stage  of  air 
cleaning.  The  Armored  section  is  at 
the  bottom  of  the  panel. 


Electro- Matic  Air  Filter 
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Armored  Multi-Panel 
Filter — Introduces  an  en- 
tirely new  and  unique  panel 
construction  to  further  im- 
prove the  already  outstand- 
ing performance  of  the 
famous  Multi-panel  air 
filter.  The  new  "armored" 
panel  with  its  three  stages 
of  air  cleaning  maintains  the 
present  high  efficiency  and 
normal  operating  and  resis- 
tance of  the  Multi-panel 
filter  and  offers  the  added 
advantage  of  handling  ex- 
cessive lint  concentrations 
or  heavy  dust  loads  without 
clogging. 

Standard  Viscous  Unit 

— The  American  Unit  Air 
Filter  incorporates  the  time 
tested  unit  principle  of  con- 
struction. Each  unit  con- 
sists of  a  standard  steel 
frame  and  interchangeable 
cell  equipped  with  auto- 
matic latches  to  facilitate 
removal  for  cleaning  and 
recharging. 

Airmat  Filter  Dry  Type 

— The  filtering  media  in  this 
type  is  the  Airmat  sheet,  a 
dry  filter  mat  composed  of 
thin  sheets  of  gauzy,  cellu- 
lose tissue.  The  Airmat 
sheets  are  supported  in 
screen  pockets  mounted  in 
a  unit  frame  of  box-like  con- 
struction. These  unit  frames 
can  be  set  up  to  meet  any 
capacity  requirement  or 
space  condition.  Airmat 
sheets  are  renewable — their 
life  depending  on  dust  con- 
ditions and  hours  of  service. 

Airmat  filters  are  used 
both  for  comfort  and  indus- 
trial air  conditioning.  In  the 
latter  field  they  are  particu- 
larly well  adapted  for  the 
recovery  of  valuable  dusts 
and  for  abating  the  dust  nui- 
sance prevalent  in  so  many 
industrial  plants.  They  are 
available  in  two  types,  the 
PL-24  as  illustrated  and  the 
Well  Pocket  type  unit. 

Our  standard  data  books 
and  catalogues  are  in  most 
engineering  files  or  libraries. 
We  will  be  glad  to  furnish 
complete  data  to  engineers 
or  manufacturers. 
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Blocksom  and  Company 

Michigan  City,  Ind. 

AXIOM  PARATEX 

KEEPING  PACE  WITH  MODERN  AIR  CONDITIONING 


The  Axiom  and  the  Paratex  Air  Filters  Offer  All  Necessary  Advantages 


The  Following  Facts 
Prove  This  Statement 


The  Axiom  Air  Filler 
A  throw-away  type 


The  Parate.x  Air  Filter 
A  permanent  type 


CHECK  THESE  FEATURES 


Light  Weight  (Av.  2  Ibs) 
Easy  to  Change 
Flameproofed 
Treated  with  Deodorizer 
Repels  Bacteria 
Large  Dust  Capacity 
Low  Initial  Cost 
Low  Upkeep 
95.6%  Efficient 

Composed  of  three  types  t  of  tightly 
curled  cactus  fibre  on  intake  side,  hair  on 
exit  side,  thus  impinging  all  kinds  of  dirt, 
dust,  pollen  and  bacteria. 

The  Axiom  Air  Filter  is  really  flame- 
proofed,  receiving  two  flame  proofing  treat- 
ments. In  a  test  made  by  national  authori- 
ties of  the  six  leading  air  filters,  the  Axiom 
Air  Filter  led  by  a  wide  margin,  having  an 
overall  efficiency  of  95.6  per  cent.  This  is 
very  important  as  it  insures  the  top  perfor- 
mance of  the  heating  and  air  conditioning 
equipment. 

With  all  these  extra  features  it  is  still 
lower  in  cost. 


Light  Weight  (Av,  IMlbs) 
Easy  to  Install 
Treated  with  Deodorizer 
Repels  Bacteria 
Large  Dust  Capacity 
Easy  to^  Clean 
High  Efficiency 
Permanent 
Low  Cost 

Composed  of  tightly  curled  hair,  Dipped 
in  Latex  rubber  to  serve  as  a  binder. 

Cannot  dent,  chip,  rust;  available  in 
any  size,  shape,  thickness  or  density. 

Clean  by  simply  rinsing  in  water  or 
spraying  with  a  nose. 

It  is  practically  impossible  to  damage 
the  Paratex  Air  Filter  even  with  careless 
handling. 

Does  not  need  the  expense  or  mess  of  a 
special  spraying  of  oil  at  any  time,  The 
fine  tightly  curled  hair  does  an  efficient, 
thorough  job  of  cleaning  the  air. 

Due  to  resilient;  construction  it  offers 
perfect  seal  at  all  times, 

Very  reasonable  in  price, 


You  owe  it  to  the  performance  of  your  equipment  to  investigate  these  two  air  filters. 

A  great  many  of  the  nation's  leading  manufacturers  are  users  of 
AXIOM  AND  PARATEX  AIR  FILTERS. 

Over  fifteen  year's  experience  in  the  air  conditioning  field. 
Let  our  Research  and  Engineering  Department  serve  you. 
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Air  Filters 
and  Cleaners: 


Coppus  Engineering  Corporation 

339  Park  Avenue,  Worcester  Mass. 

MANUFACTURERS    OF   AIR   FILTERS,    STEAM    TURBINES, 
GAS  BURNERS,  FORGED  DRAFT  BLOWERS,  COOLING  FANS 

"COPPUS  AIR  FILTERS  PASS  CLEAN  AIR" 

The  Coppus  Unit  Air  Filter  (patent 
No.  2050508  and  other  patents  pending)  is 
of  the  dry  type  using  as  filter  material  all- 
wool  felt.  It  consists  of  a  distender  frame 
(C,  Fig.  2),  a  filter  "glove"  (J3,  Figs.  1  and 
2)  and  a  retainer  grid  (B,  Fig.  1).  The 
edges  of  the  retainer  grid  form  a  reenforced 
sheet  metal  box  (A,  Fig.  1)  for  protection 
of  the  filter  element. 

The  edges  of  the  filter  glove  are  reen- 
forced on  all  four  sides  assuring  an  air 
tight  seal  against  by-passing  of  dirty  air. 
By  tightening  the  wing  studs  which  hold 
the  distender  frame  and  the  retainer  grid 
together,  the  filter  glove  is  stretched  and 
held  tautly  inside  of  the  filter  box,  giving 


the  pockets  a  tapered  shape  so  essential  for 
an  even  air  flow. 

This  design  has  the  advantage  of  pro- 
viding an  effective  filter  area  entirely 
unobstructed  by  wire  or  screen  supports. 
Cut,  Fig.  3  shows  the  tapered  filter  pockets 
on  the  clean  air  side.  The  filter  glove  can 
be  readily  replaced  without  removing  the 
unit  filter  from  the  Installation.  No  aux- 
iliary frames  for  insertion  of  the  filter  cells- 
are  required  as  the  completely  assembled 
unit  filters  can  be  bolted  together  to  a  filter 
bank  of  any  desired  size. 

All  metallic  parts  are  rust-proofed  and 
Duco  Painted. 


Fig.  1 


Fig.  3 


Specifications 

Normal  Rating:    800  cfm. 

Resistance  when  clean:    0.2  in.  W.G. 

Dust  Arrestance  (cleaning  efficiency):   99.61  per 

cent  (Tested  in  accordance  with  A.S.H.V.E. 

Standard  Code   for  Testing   and    Rating  Air 

Cleaning  Devices  Used  in  General  Ventilation 

Work). 

Dimensions:    20  by  20  in.  by  5%  in. 
Weight  per  unit:    25  Ib. 

ANOTHER  COPPUS  BLUE  RIBBON  PRODUCT 


Outstanding  Advantages 

1.  It  has  an  exceptionally  high  dust  arrestance. 

2.  It  maintains  a  high  dust  arrestance  even  under  diverse  conditions 
of  neglect. 

3.  Its  operation  is  not  impaired  by  atmospheric  conditions. 

4.  It  is  a  Medium  Air  Resistance  Type  (Class  C)  according  to  the 
A.S.H.V.E.  Code  for  Air  Cleaning  Devices. 

5.  It  is  easily  and  quickly  cleaned  without  removing  the  filter  element. 

6.  Its  cost  of  upkeep  is  very  low  because  the  permanent  filter  element 
is  reconditioned  periodically  with  a  vacuum  cleaner. 

7.  It  combines  scientific  knowledge  and  practical  engineering  methods 
with  highest  quality  of  material  and  workmanship. 

Write  for  Complete  Bulletins 
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Cleaning    Filter 

Elements   with 

Portable    Vacuum 

Cleaner 
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Davies  Air  Filter  Corp. 

396  Fourth  Avenue,  New  York,  N.  Y. 
Air  Conditioning,  Process,  Building,  Industrial  Filters 


AIRPLEX 
RENEWABLE  FILTER 

Airplex  filter  medium  is  cotton  fibre, 
specially  processed  and  lightly  glared. 
Each  filter  contains  30  sq  ft  of  filter  medium 
and  gives  500  to  1000  hours  active  service. 
Functions  efficiently  in  temperatures  below 
freezing  and  up  to  200  F.  Not  affected  by 
temperature  or  humidity — will  not  dis- 
integrate. Filters  can  be  cleaned  several 
times  before  they  are  discarded. 

Each  filter  is  a  complete  cartridge — 
replacement  can  be  made  quickly,  hence 
is  not  neglected. 

Standard  Sizes  Airplex  Filter 


Process,  Industrial,  Building 

Home  Air  Conditioning 
Units 


( 20  x  20  x  4  in, 
..425x  20x4  in. 

(24x24  x4in. 

f  20x20  x2  in. 
,  (25  x  16  x2in. 


PERMAT 
WASHABLE  FILTER 

Filter  medium  of  fine  spun  hair  glass  closely 
packed  and  secured  between  two  sheets  of 
galvanized  wire  cloth  jthese  long  flexible  glass 
fibres  do  not  break  and  cannot  be  drawn  into 
the  air  stream. 

Filter  element  supported  in  a  steel  frame, 
rust  proofed  or  galvanized  as  required. 

Glass  wool,  being  chemically  inert,  is  not 
attacked  by  gases  or  liquids,  will  not  rust  or 
disintegrate,  will  last  many  years.  Water, 
hot  or  cold,  with  or  without  grease  solvents, 
used  for  cleaning,  depending  on  type  of  air 
pollution. 

Standard  Sizes — Permat  Filter 


Frame  Size 

Filtering 
Surface 

Capacity 
cfm 

Resistance 

20  x  20  x  2  in. 
25  x  16  x  2  in. 

800 
800 

800 
800 

.1"W.G. 
.1"W.G. 

Other  sizes  are  available  on  request. 


"FILTERAIRE" 

For  installation  in  windows — any 
type  of  construction.  Provides  con- 
trolled ventilation,  pure  clean  air, 
and  eliminates  disturbing  noises. 
Attractive  appearance — harmonizes 
with  building  finish  and  furniture. 

Model  B-5  capacity— 500  cu  ft  of 
fresh  filtered  air  per  minute. 

Model  B-3  capacity  300  cfm. 

Standard  colors  ivory  and  brown. 
Other  colors  are  available. 
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W.  B.  CONNOR  ENGINEERING  CORP. 

Dorex  Division 

114  East  32nd  Street,  New  York,  N.  Y. 

Manufacturers  of  a  Complete  Line  of  Odor  Removal  Equipment 

Representatives  in  All  Principal  Cities         Canada:    Arthur  S.  Leitch  Co.,  Ltd.,  Toronto,  Ont. 


Dorex  Odor  Adsorbers 

are  the  application  of  the 
gas  mask  principle  to  com- 
mercial and  industrial  air 
purification.  They  employ 
the  same  powerful  adsorp- 
tion medium — specially  pro- 
cessed, highly  activated, 
granular  coconut  shell  car- 
bon, in  multiple,  removable, 
perforated  canisters  or  tubes. 
Exposed  to  the  air  stream 
they  remove  from  the  air 
and  retain  all  odorous  gas- 
eous impurities.  Upon 
saturation  Dorex  carbon 
may  be  economically  re- 
activated. 


Type  H— Consists 
of  multiple,  remov- 
able, carbon-filled, 
perforated,  metal 
canisters  so  ar- 
ranged that  all  air 
will  pass  uniformly 
through  carbon 
beds.  Suitable  for 
Flexible  design  permits 
adaptation  to  varied  space  requirements. 
For  air  intakes  and  exhausts  and  recircu- 
lation  systems.  Obtainable  with  corrosion 
resistant  canisters. 
Type  W— Wall  cabinet 
type  for  individual  con- 
fined spaces.  Completely 
self-contained,  sturdy,  gal- 
vanized iron  casing.  Ideal 
for  doctors'  offices,  lava- 
tories, hospitals,  restaur- 
ants, cafes,  etc.  In  capac- 
ities of  150  and  300  CFM. 
Complete  with  motor, 
switch,  fan  and  dust  filter. 


DOREX) 


ODOR   ADSORBERS 


TypeH 
any  air  volume. 


Type  W 


Type  PL 


Type  PL — For  extracting 
oil  vapors,  fermentation 
odors  and  other  gaseous 
impurities  from  com- 
pressed air.  Prevents  con- 
tamination in  processes 
using  compressed  air  for 
pneumatic  agitation  of 
foods,  medicines  and  cos- 
metics. Simply  and  easily 
installed.  Available  for 
compressed  air  capacities 
from  25  CFM  to  350  CFM. 


Dorex  Odor  Adsorbers 

make  ^possible  substantial 
reductions  in  both  initial 
and  operating  costs  in  venti- 
lating, heating  and  cooling 
systems  because  more  air 
can  be  ^circulated  and  less 
fresh  air  brought  in  without 
sacrificing  air  purity. 

Dorex  Odor  Adsorbers 
are  simple,  compact,  and 
easily  installed.  Dorex 
engineers  in  principle  cities 
will  gladly  study  any  prob- 
lem and  make  definite  rec- 
ommendations without 
charge.  Complete  engi- 
neering catalogs  available 
on  request. 

Type   CL- 

Identical   to 

the  Type  W 

but  designed 

for  larger  areas 

and   ceiling 

mounting.  Type  CL 

Available    in    capacities    from    500    to 

1500  CFM.    Finished  in  cream  enamel. 

Type  G—  For  duct 
or  casing  installa- 
tion or  simple  at- 
tachment to  stand- 
ard dust  filters  or 
inlet  or  outlet 
grilles.  Especially 
for  recirculation 
TypeG  systems  to  con- 

tinuously remove  odors  from  reused  air. 

Consists  of  one,  two  or  three  staggered 

rows  of  carbon-filled  tubes  designated  as 

G-l,  G-2,  and  G-3,  respectively.     Five  (5) 

standard  stock  sizes:     20  in.  x  20}^  in., 

20  in.  x  16J^  in.,  24  in.  x  2324  in.,  25  in. 

x  16  %  in.,  25  in.  x  20  in.,  for  capacities  of 

1000  to  1500  CFM  per  unit. 

Type  SO—  The 

Odorsorber. 

For  ordinary 

living    odors    in 

smaller  areas, 

offices,  homes, 

etc.  —  has  a  mul- 

titude of  practi- 

cal uses.    Black 

enamel  tubes  in 


Type  SQ 


polished  aluminum  casing.    Available  in 
four  sizes.  '  Complete  with  motor  and  fan. 
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Air  Filters 
and  Cleaners. 


Owens-Corning  Fiberglas  Corporation 

Toledo,  Ohio 

ATW      TTTTTPPC    FOR  USE  IN  RESIDENTIAL,  COMMERCIAL  and  INDUSTRIAL 
A1B.     VLL,l  JSJN.O    HEATING ,  VENTILATING  and  AIR-CONDITIONING  SYSTEMS 


FIBERGLAS 


AIR  FILTERS 


Dust-Stop  No. 

1  Filter,  1  in. 
thick,    at   left. 
No.   2   Filter, 

2  in.     thick, 
shown  at  right. 
No.  8  Filters 
are  designed 
for  application 
where  their 
greater     dust- 
holding    capa- 
city permits 
longer  inter- 
vals between 
replacements. 


The  Fiberglas  Dust-Stop  Air  Filter 

consists  of  a  series  of  non-combustible 
Fiberglas  Mats,  progressively  packed- 
coarse  glass  fibers  of  lesser  density  at  the  in- 
take and  fine  glass  fibers  of  greater  density 
at  the  discharge  face — between  stamped 
metal  grilles  bound  with  a  fiberboard  frame. 

Mats  are  coated  with  non-evaporating, 
incombustible  adhesive  having  extraordi- 
nary wetting  power,  will  retain  viscosity 
under  operating  temperatures  ranging 
from  15  F  below  to  300  F  above  zero,  will 
not  flow  or  charge  the  air  with  adhesive. 

Engineered  to  Provide  High  Effi- 
ciency, Fiberglas 
Dust-Stop  Air  Filters 
also  provide  low  cost 
of  installation  and 
maintenance. 

Efficiency— 97 

per  cent  (Tested  ac- 
cording to  A.S.H.V.E. 
Standard  Code  for 
Testing  and  Rating 
Air  Cleaning  Devices 
Used  in  General  Ven- 
tilation Work). 
Available  in  Two 


Standard  Sizes  for  Equipment* 


Standard  Sizes 
(Nominal) 

Ratings 

Resistance  Inches 
Water  Gauge 
Clean 

CFm 

Fpm 

20"  x  25"  xl" 

1000 

300 

065 

20"x20"xl" 
16"x25"x1" 

800 
800 

300 
300 

.065 
065 

16"x20"xl" 

640 

300 

.065 

20"  x  25"  x  2" 

1000 

300 

125 

20"x20"x2" 
16"x25"x2" 
1  6"  x  20"  x  2" 

800 
800 
640 

300 
300 
300 

.125 
.125 
.125 

Fiberglas  Dust-Stop  No.  1  (1  in.  thick)  is. 
designed  for  greatest  operating  economy  in 
commercial  and  industrial  applications. 
No.  2  (2  in.  thick)  is  recommended  for  use- 
in  unsupervisecl  installations.  It  permits- 
longer  intervals  Between  replacements. 
Both  may  be  used  in  domestic  applications. 

Manufacturers'  Acceptance 

Dust-Stop  Air  Filters  are  widely  ac- 
cepted by  manufacturers  of  air  condition- 
ing equipment. 

Engineering  Service—Owens-Corning 
Fiberglas  Corporation  maintains  offices  in 
several  metropolitan- 
centers  where  repre- 
sentatives, qualified 
to  assist  in  the  plan- 
ning of  filter  instal- 
lations, are  available- 
for  consultation. 

Literature — Data 
sheets  on  all  standard 
Fiberglas  products, 
and  applications  will 
be  furnished  to  engi- 
neers  and  manu- 


TvnpQ— 1  '  neers  ana  manu- 

xypes        *other  standard  and  any  special  sizes  available,    facturers  on  request.. 
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Owens-Corning  Fiberglas  Corporation 

Toledo,  Ohio 

ATP     T7TTTT7R     r«p  411*^0    FOR  HEATING,  VENTILATING  anrf 

Alrv.  r  JU-/ J.  r/JK.  rj\Alvir/o  AIR  CONDITIONING  SYSTEMS 


FIBERGLAS* 

"Trademark  Reg. 

Fiberglas  Dust-Stop  "V  and  "V" 
Filter  Frame  Assemblies  are  installed  by 
engineers  of  commercial  and  industrial 
heating,  ventilating  and  air  conditioning. 
Frame  members  of  heavy  steel  are  as- 
sembled vertically  in  combinations  to 
satisfy  any  CFM  and  space  requirement. 

Both  types  of  frames  are  designed  for 
the  convenient  and  correct  handling  of 
Dust-Stop  niters.  They  meet  all  Fire 
Underwriters'  and  local  Fire  Ordinance 
requirements,  as  well  as  the  requirements 
of  Federal  Specifications  for  filter  frames. 

The  choice  between  the  "L"  type  and 
"V"  type  frames  is  determined  wholly  by 

the  space 


FILTER  FRAMES 


available 
for  the  filter 
frames. 
The  "L" 
type  filter 
frame  takes 
'M  less  depth 
within  the 


U.  S.  Pat.  Off. 
duct   or   plenum 
a   larger  face  area 


chamber   but   requires 
for  the  same   CFM 

capacity.  The  "V"  type  frame  requires 
a  face  area  approximately  the  same  as  the 
cross-sectional  area  of  a  duct  which  will 
handle  the  volume  of  air  for  which  the 
filters  are  rated. 

Two  Depths  of  "L"  Frames— The 

"L"  frame,  two  filters  deep,  is  designed  to 
hold  two  Dust-Stop  No.  1  filters  in  each 
cell.  The  "L"  frame,  four  filters  deep, 
holds  four  Dust-Stop  No.  1  filters  in  each 
cell.  The  frame  that  is  four  filters  deep  is 
identical  in  every  way  to  the  frame  two 
filters  deep  except  that  the  depth  of  all 
parts  is  2  in.  more.  When  specifying  "L" 
type  frames  indicate  two-filter  or  four- 
filter  depth.  "V"  frame  is  available,  four 
1-inch  filters  deep  per  cell,  only. 

The  "L"  frame  uses  20  x  20  in. 
filters  only.  The  "V"  frame  uses  20  x 
25  in.  filters  only.  Filters  are  always 
used  two  or  more  in  series  in  each  cell. 


"L"  Shaped  Frame  Member 

F-2  UeFt  Hand  Upright  20" 

F-3-X  Base  20" 

F-3  Base  20" 

R-1  Retaining  Member  Double  Flange 

R-2  Retaining  Member  Single  Flange 

R-3  R«teining  Member  Notched  Angle 

G-l  Gasket 


LEFT— Dust-Stop  "L"  Type  Filter  Frame. 
ABOVE— Dust-Stop  "V"  Type  Filter  Frame 
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H.  J.  Somers,  Incorporated 

Factory  and  General  Office 
6063  Wabash  Avenue  Detroit,  Mich. 

Somers  Washable  Air  Filter 

Somers  Hair  Glass  Filters  provide 
everything  required  in  an  efficient  air- 
cleaning  system.  Consider  these  features: 
High  rating  for  dust,  soot  and  bacteria 
separation.  Require  no  adhesive,  coating 
or  impregnation.  Indestructible  in  normal 
service.  Minimum  Low  Pressure  Drop. 
Odorless  and  non-absorptive.  Fireproof; 
Washable;  Do  not  rot  nor  disintegrate; 
Permanent. 

Somers  Hair  Glass  Filters  consist  of  a 
hot  galvanized  frame  holding  galvanized 
wire  cloth  packed  with  hair-spun  glass 
strands.  The  glass  strands  are  flexible, 
do  not  break  up  and  cannot  be  drawn 
into  air  stream. 

Hair-Glass,  being  chemically  inert,  has 
no  facility  of  absorption;  it  cannot  rust 
and  lasts  indefinitely  in  service.     Water 
either  hot  or  cold  may  be  used  to  clean 
it,  without  impairing  its  efficiency. 
These  filters  eliminate  the  necessity,  the  expense  and  the  inconvenience  of  periodic 
replacement. 

Somers  Washable  Air  Filter— All  Welded  Vee  Type— Stock  Sizes  (Partial  List) 


All  Welded  Vee  Type 


Frame  Size 
Height  and  Length 
In. 

Frame  Depth 
In. 

Filter  Surface 
Sqln. 

For  Average  Dry  Filter 
Installations 
CFM 

Wet  Application  where 
water  sprays  are  applied 
against  filter  for  hu- 
midifying 

151/2  x  24'/2 
15$  x  245/J 

3% 

1023 
1110 

1023 
1110 

511 
555 

16     x  2P/2 

336 

816 

816 

408 

16     x  25 
16     x  25 
16     x  25 

3% 

y/4 
y/4 

1056 
1632 
1344 

1056 
1632 
1344 

528 
816 
672 

16     x  25 

3'/4 

1440 

1440 

720 

16     x  25 

3% 

864 

864 

432 

3$ 

800 

800 

400 

18     x  18 

3% 

864 

864 

432 

19      x  20 

1482 

1482 

741 

19'/4  x  19% 
19'/4  x  20 

}« 

1039 
1039 

1039 
1039 

519 
519 

19%  x  19'/2 

3 

936 

936 

468 

191/2  x  19'/2 

3'/4 

1053 

1053 

526 

19J/2  x  19# 

2 

480 

480 

240 

3 

936 

936 

468 

20      x  25 

ft 

1170 
1800 

1170 
1800 

585 
900 

20      x  30 

3% 

1800 

1800 

900 

20      x  20 

1040 

1040 

520 

20     x  30 

3 

1560 

1560 

780 

20     x  20 

3'/4 

1200 

1200 

600 

20     x  20 

2 

480 

480 

240 

20     x  20 

3 

840 

840 

420 

20     x  20 

3 

960 

960 

480 

20      x  20 

3'/4 

1320 

1320 

660 

20     x  25 

3'/4 

1560 

1560 

780 

203/8  x  20'/4 

3 

550 

550 

275 

Other  sizes  from  9J^  x  30  to  and  inclusive  of  31  in.  x23J^  also  available.   Send  for  complete  stock  size  list. 
Frames  zinc  plated  for  100  hour  salt  water  spray  test.    Refill  may  be  inserted  if  necessary. 
Quotations  and  further  engineering  data,  including  master  holding  frame  drawings  will  be  sent  on  request. 
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Staynew  Filter  Corporation 

Air  Filters  for  Every  Purpose 
6  Leighton  Ave.  Rochester,  N.  Y. 


EASY  TO  CLEAN -LONG  LASTING 

Cleaning  is  easily  effected  by  use  of  any  to  a  year  without  cleaning.  Panel  units 
vacuum  cleaner  with  special  nozzle,  average  slightly  longer  wear  than  Multi- 
See  illustration  below.  V-Type  units— several  years  at  least  with- 

Protectomotors  operate  from  3  months  out  replacement. 

Panel  Units:    Consist  of  Panel  Insert  and  Frame. 

The  Insert  is  composed  of  two  rows  of  60  hollow  loops 

or  fins  6  in.  deep,  formed  of  rust-resisting  embossed 

wire  mesh,  supported  by  a  retaining  grate  of  steel  or 

aluminum  and  similar  spacing  grate.     Each  row  of 

fins  is  covered  with  a  single  piece  of  Feltex  Filtering 

Medium,  a  felt-like  material  specially  made  for  the 

application.    Specifications  below: 

Overall  Dimensions  (Depth  less  lock- 
ing keys) 20  x  20  x  65^  in. 

Size  of  Insert 19^  x  19^  x  6  in, 

Capacity  (average  conditions) 800  cfm 

Area  of  Filtering  Medium 42  sq  ft 

Linear  velocity  of  air v«19  fpm 

Resistance  of  clean  filter  to  air  flow  0.185  in.  water 
gauge. 

Total  Weight 28  Ib 


Outlet  Side 
Panel  Unit. 
Cleaning  Noz- 
zle in  Circle, 


Multi- V-Type  Units:  Filtering  medium  (closely  pressed 
cotton  fibres  between  two  sheets  of  cotton  gauze)  is  arranged  in 
patented  V-shaped  pockets  in  a  fibre-board  and  pressed  metal 
frame.  These  patented  cells  can  be  quickly  and  inexpensively 
replaced  when  worn  out.  Their  arrangement  makes  possible 
an  active  filtering  surface  of  27  times  face  area.  In  certain 
installations  the  Multi- V-Type  is  more  desirable  than  the  Panel 
Unit  because  its  construction  fits  the  space  better,  or  because 
it  is  lighter  in  weight  per  square  foot  of  filtering _  area,  or  for 
reasons  of  economy.  (Protectovent  Window  Ventilator,  which 
supplies  clean,  fresh  air  to  home  or  office, 
Multi-  V-  Type  employs  Multi- V-Type  inserts).  Complete  sped- 
fiwti0™  vnaikd  promptly  on  request. 


ing  filter  that  may  be  repeatedly 
cleaned  with  vacuum  or  com- 
pressed air,  or  flushed  with  water 
or  liquid  solvents.  Made  in  2  in. 
and  4  in.  deep  units. 


Wire-Klad  Units:  Unique 
method  of  construction  permits 
a  high  efficiency  filter  at  low  cost. 
Fins  are  reinforced  on  both  sides 
with  screen  cloth,  producing  a 
rigid,  long- wearing,  flame-resist- 


Wire-Klad Filter 


Specifications  2  In.  and  4  in.  Units 


Sizes 

Capacity—  Wool  Felt 

Capacity—  No.  6460  Cotton 

Filtering  Area  aq  ft 

20  in.  x  20  in. 
1  6  in.  x  25  in. 
16  in.  x20  in, 
20  in.  x  25  in. 

800  cfm.®  0.1  3  in.  wg 
800  cfm.  @  0.1  2  in.  wg 
600  cfm.  @  0.1  1  in.  wg 
1000  cfm.  @  0.12  in.  wg 

800  cfm.  @  0.08   in.  wg 
800  cfm.  @  0.075  in.  wg 
600  cfm.  ©  0.07   in.  wg 
1000  cfm.  @  0.08   in.  wg 

2  in.  18.5       4  in,  38.5 
2  in.  18.5       4  in.  38.5 
2  in.  14.8       4  in.  30.7 
2  in.  23.0       4  in.  48.0 

Write  for  Catalog  Mentioning  Special  Interests 

PROTECTOMOTORS  ALSO  MADE  FOR  INTERNAL  COMBUSTION  ENGINES, 
COMPRESSORS,  TURBO- GENERATORS,  AIR  TRANSMISSION  LINES,  ETC. 
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Staynew  Filter  Corporation 

Air  Filters  for  Every  Purpose 
6  Leighton  Ave.  Rochester,  N.  Y. 


Automatic  Filter 


PROTECTOMOTOR  AUTOMATIC  FILTER 

<For  efficiently  and  economically  filtering  large  volumes  of 
air  for  all  ventilating  purposes) 


This  latest  model  Staynew 
Automatic  Filter  operates  on 
the  principle  of  dust  impinge- 
ment. Dust  is  caught  by 
moving  filter  panels  moistened 
with  oil  from  a  reservoir.  The 
panels  are  automatically  timed 
to  operate  at  pre-determined 
intervals  (approximately  20 
seconds  each  half  hour;  panel 
moves  4%"  each  time),  de- 
pending on  the  amount  of  dust 
to  be  removed  and  the  air 
velocity.  The  filter  possesses 
a  number  of  unusual  features 
which  increase  efficiency  in 
dust  removal  and  reduce  oper- 
ating costs.  Several  of  these 
features  are  fundamental  in 
design  and  found  in  no  other 
filter.  The  result  is  a  rugged, 
high-efficiency  unit  with  which 
extremely  large  volumes  of  air 
can  be  filtered  at  low  cost. 

Two  Series  of  Panels 

There  are  two  series  of  end- 
less moving  filter  panels.  Each 
series  provides  two  stages  of 


filtration  —  four  stages  in  all. 
The  double  series  of  moving 
filter  panels  is  exclusive  with 
Staynew.  Efficiency  is  two- 
fold. 

Counter-clockwise  Panel 
Travel 

The  panels  travel  in  a 
counter-clockwise  direction. 
This  is  an  important,  select 
feature.  It  means  that  the 
outlet  side  of  each  series  of 
moving  panels  is  the  clean  side 
always.  The  mechanism  is  ac- 
tuated by  a  %  hp  motor  with  a 
reliable  timing  device  (Tclech- 
ron). 

Sizes  and  Capacities 

Two  standard  widths  are 
made,  2  ft  9  in.  and  4  ft  3  in., 
ranging  in  height  from  4  ft  to 
13  ft  by  3  in.  steps.  Capacities 
are  from  2,025  cfm  to  20,200 
cfm  for  single  units.  Almost 
unlimited  capacities  may  be 
secured  by  bolting  together 
units. 


REMOVABLE  TOP  COVER  - 


Sectional  View 


PROTECTOMOTOR  DRY  TYPE  FILTERS 


(For  removing  foreign  matter  from  the  air  at  atmospheric  or  other  pressures , 

with  various  types  for  building  ventilation,  dust  recovery, 

oxygen  chamber  and  all  air  cleaning  purposes.) 


The  fin  or  V-type  construction  is  used  in  all  Pro- 
tectomotor  dry  filters.  This  basic  principle  permits 
(1)  a  large  area  of  filtering  medium  to  occupy  the 
smallest  possible  space,  and  (2)  the  intake  currents  to 
move  parallel  to  the  filtering  surface  at  low  velocity. 
Protectomotor  Dry  Filters  require  no  adhesive 
material  to  catch  dust — odorless  air  is  assured. 
Authorities  agree  that  the  positive  dry  filter  is  most 
efficient  in  stopping  the  smaller  air-borne  particles.  Cross  Section 


Cross   Section   Showing 
Panel  Unit  Construction 


Protectomotor  dry  filters  actually  prevent  the  passage  of 


*  Multi-V- 
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Oakite  Products,  Inc. 

General  Offices:   36  E.  Thames  St.,  New  York,  N.  Y. 


OAKITE 


MATERIALS  .  .  .  METHODS  .  .  .  SERVICE 


CLEANING 


Established  1909 
Representatives  in  all  Principal  Cities  of  the  United  States  and  Canada 

Specialized  OAKITE  Materials  for: 

Slime  Control  in  De-Scaling 

Re-circulating  Systems.  Condensers,  Compressors, 

Cleaning  Air  Filters,  Jacket  Water  Coolers, 

Lube  Oil  Coolers,  Diesel  and  Gas  Engine 

Heat  Exchange  Equipment.  Cooling  Systems. 


Controlling  Slime  Growths 

Control  of  bacteria  and  slime  growths 
in  re-circulating  water  supplies  is  in- 
expensively established  with  Oakite  Aire- 
finer.  A  dry,  non-volatile,  white  powder, 
completely  soluble,  it  prevents  formation 
of  slime  accumulations  and  their  unpleasant 
odors.  Economical  to  use  .  .  .  one  Ib  to 
each  300  gallons  of  water  usually  recom- 
mended. 

Prevents  Equipment 
Corrosion 

Oakite  Airefiner  prevents 
corrosion  of  eliminators,  air 
washing  chambers,  spray 
heads,  etc.,  because  it  main- 
tains water  at  a  point  suf- 
ficiently alkaline  to  count-  , 
eract  the  tendency  of  the  fit. 
water  to  become  acidified. 
In  addition,  it  gives  wash 
waters  greater  wetting-out 
action,  thus  making  dirt 
removal  more  complete. 
Water  lines  are  also  kept 

free  Of  scale.  Free  Booklet 

Gives  Details 

Cleaning  Air  Filters 

For  cleaning  viscous  type  filters,  hot  or 
cold  solutions  of  recommended  Oakite 
material  may  be  used.  Short  immersion 
of  filter,  followed  by  rinse,  thoroughly 
removes  dust,  dirt,  soot,  lint  and  pollen 
without  injuring  filtering  medium  or  frame 
metal.  Steam  cleaning  methods  also 
available.  Full  filtering  capacity  is  eco- 
nomically restored. 

FREE  16-page  booklet  gives  details. 


Free  Booklet 


De-Scaling  Equipment 
Safely 

When  scale  and  rust 
deposits  form  in  jacket 
water  coolers,  ammonia  con- 
densers, compressors  or 
other  water-cooled  me- 
chanical refrigerating  or 
similar  equipment  .  .  .  heat 
transfer  is  reduced,  opera- 
ting efficiency  impaired. 
These  insulating  deposits 
may  be  effectively,  safely 
removed  with  Oakite  Com- 
pound No.  32  simply  by 
soaking  with  or  circulating 
recommended  strength  of 
solution.  Does  not  harm 
base  metal.  Method  is  easy,  economical. 
New  20-page  booklet  gives  successful, 
widely  used  formulas  and  directions  for 
this  and  such  other  work  as  de-scaling  and 
cleaning  Diesel,  gas  and  gasoline  engine 
cooling  systems,  lube  oil  coolers,  other  heat 
exchange  equipment.  A  copy  is  yours 
FREE. 


Nation-Wide  Service 

Because  Oakite  cleaning  materials  are 
backed  by  a  binding  GUARANTEE  and 
supplied  through  a  nation-wide  organiza- 
tion of  Service  Representatives  throughly 
experienced  in  their  application,  users  are 
assured  of  obtaining  the  economies  and 
advantages  they  provide  to  effectively 
promote  maximum  performance  of  air- 
conditioning  and  mechanical  refrigerating 
equipment. 
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American  Moistening  Company 

ESTABLISHED  1888 

Providence,  R.  I. 


UNIT  HUMIDIFYING  AND  AIR  CONDITIONING  EQUIPMENT 


A  few  of  many  AMCO  products  with  a  Long  Record  of  Dependable  Performance 

Sectional  Humidifiers.  Mechanical  Psychrometers. 

Amtex  Humidifiers.  Electro  Psychrometers. 

Hand  Sprayers.  Sling  Psychrometers. 

Mine  Sprays.  Hygrometers, 
Fabric  and  Paper  Dampeners. 

The  Amco  line  of  devices  for  the  supply,  maintenance  and  control  of  humidity  is  com- 
plete in  its  ability  to  meet  any  presented  problem  of  applied  humidification.  Used 
independently  or  as  an  adjunct  to  Central  Station  equipment,  these  devices  auto- 
matically maintain  any  required  humidity  condition  in  a  capable  uniform  performance. 

IDEAL  HUMIDIFIERS— Senior  Type 

A  high  capacity  unit  for  use  where  conditions  require  a 
great  amount  and  good  distribution  of  moisture.  Motor 
driven  fan  gives  wide  distribution  of  atomized  spray. 
Amco  heads  serve  the  triple  purpose  of  humidifying,  air 
washing  and  cooling. 

IDEAL  HUMIDIFIERS— Junior  Type 

Similar  in  construction  to  Senior  Type.  Used  where 
medium  capacities  are  required* 

AMCO  ATOMIZER— No.  4 

Quality  and  quantity  of  spray  are  maintained  even  under 
adverse  conditions  because  this  atomizer  is  automatically 
self-cleaning.  When  the  compressed  air  supply  is  shut  off, 
either  manually  or  in  response  to  a  humidity  control,  both 
air  and  water  nozzles  are  thoroughly  cleaned. 

AMCO  HUMIDITY  CONTROLS 

® 

Compressed  Air  Operated 

An  extremely  accurate  and  active  device  operated  by 
compressed  air  which  assures  a  regulation  of  humidity 
within  exceedingly  close  ranges. 

AMCO  HUMIDITY  CONTROL 
Electrically  Operated 

Similar  in  principle  to  the  Compressed  Air  Type  except 
that  the  hydroscopic  element  operates  electrical  contacts 
which  control  the  units. 
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April  Showers  Company 

4126  Eighth  Street,  N.  W.  Washington,  D.  CL 


(Trade  Mark  Reg.  U.  S.  Pat.  Office) 

AUTOMATIC  EVAPORATIVE  ROOF  COOLING 

AN  EFFECTIVE  WATER  INSULATOR  for  all  KINDS  of  ROOFS 

Distributors  and  Dealers  in  Principal  Cities 


Solar  radiation  is  converted  to  cooling 
effect,  reducing  normal  heat  transmis- 
sion 50  per  cent  upward.  Entire  roof 
surface  temperature  is  normally  held  at 
wet  bulb  temperature  when  evaporative 
factors  are  favorable.  Skylights,  shown 
below,  are  cooled  with  the  same  degree 
of  effectiveness  as  roof. 


!  Ml 


•  APRIL  SHOWERS  is  operated  by  an 
automatic  electric  thermal  control  or 
self-contained  expansion  type  control 
placed  upon  the  roof  in  the  SUN,  and 
is  turned  off  by  the  cooling  effect  of 
evaporation.  Water  used  may  be  from 
city  mains,  wells,  or  waste  water  from 
condenser  units. 

U  ii  ' 

I* 


Installation  on  U.  S.  Treasury  Annex  Building,  Washington,  D.  C. 

•  APRIL  SHOWERS  roof  cooler  maintains  a  moderate  temperature  of  roof  and  attic 
space.    Roofs  of  built-up  composition,  waterproofed  with  pitch,  will  remain  firm  and 
intact.    Disintegration  of  roof  is  minimized  when  held  to  normal  temperature  and 
protected  with  APRIL  SHOWERS. 

•  Water  consumption  is  approximately  twenty  gallons  per  day  for  1,000  sq  ft. 
APRIL  SHOWERS  spray  heads  are  scientifically  constructed  of  fine  brass  and 
bronze,  accurately  machined  for  maximum  operating  efficiency,  of  low  water  con- 
sumption, operates  on  water  pressures  from  10  Ib  to  60  Ib,  and  are  designed  for  full 
and  for  fractional  circle  coverage  to  insure  complete  sprinkling  of  all  roof  surface. 
Installations  are  made  with  copper  and  bronze. 

•  Spray  Head  flow  tables  and  performance  data  supplied ;  spray  heads  for  humidification 
and  other  special  uses  made  to  order.    Write  for  information  on  any  problem  involving 
use  of  water  for  cooling  or  humidification.     Hundreds  of  installations  have  already 
proven  the  high  insulating  value  of  water  cooling  of  roof  areas. 

•  May  be  used  on  slate,  tile,  built-up,  metal,  slag,  gravel,  composition  shingles,  and 
cement  roofs. 

•  Inquiries  will  be  promptly  answered  by  our  Engineers.     Estimates  free. 
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Binks  Manufacturing  Co. 

Plant  and  Executive  Offices 

3114-3140  Carroll  Avenue,  Chicago,  111. 

Branch  Offices 

CLEVELAND,  OHIO 1153  Leader  News  Bldg.       NEW  YORK,  N.  Y 51  E.  42nd  St. 

DETROIT,  MICH 2832  E.  Grand  Blvd.       PHILADELPHIA,  PA 2045  N.  Broad  St. 

Los  ANGELES,  CALIF 239  W.  15th  St.       PITTSBURGH,  PA 200  Point  Bldg. 

MILWAUKEE,  Wis 743  N.  Fourth  St.       SAN  FRANCISCO,  CALIF.., 778  Brannan  St. 

NEW  ORLEANS,  LA 400  Baiter  Bldg.       WINDSOR,  ONTARIO,  CANADA 

Representatives  in  Principal  Cities 

COOLING  TOWERS— SPRAY  NOZZLES— COOLING  PONDS- 
SPRAY  PAINTING  EQUIPMENT 

4 'Sinks"  Atmospheric  Spray  Cooling  Towers 

"Binks"  Atmospheric  Spray  Cooling  Towers  are  made  in 
a  wide  range  of  sizes  to  handle  capacities  from  5  to  1200  gpm. 
They  are  used  and  recommended  for  all  types  of  industrial 
water  cooling  work  and  are  suitable  in  the  standard  sizes  for 
refrigeration  plants  ranging  from  2  to  240  tons  and  for  Diesel 
engine  plants  ranging  from  30  to  3600  hp. 

The  towers  consist  of  a  heavy  shop  welded  copper-bearing 
steel  frame,  genuine  wrought  iron  manifold  with  welded 
feeder  arms  and  bronze  nozzles.  All  metal  parts  are  hot  dip 
galvanized  after  fabrication. 

Louvres  consist  of  clear  all  heart  redwood  or  galvanized 
steel,  to  suit  requirements. 

Due  to  standardized  construction  features  "Binks" 
Atmospheric  Spray  Towers  may  be  quickly 
erected  on  the  job,  for  either  ground  or  roof 
installation  from  a  simple  elevation  print  fur- 
nished ^with  each  unit,  without  skilled  factory 
supervision. 

All  bolts  and  nuts  for  assembling  are  cad- 
mium plated,  louvres  being  inserted  to  the 
tower  frame  in  slip  fit  louvre  retainer  channels 
requiring  the  use  of  no  bolts,  nuts  or  any 
other  fastening. 

There  are  more  than  3000  "Binks"  Atmospheric  Towers  now  in  operation. 

"Binks"  Indoor  Forced  Draft  Cooling  Towers 

"Binks"  Indoor  Forced  Draft  Cooling  Towers  are  made  in 
standard  sizes  from  5  gpm  up  to  and  including  300  gpm.  They 
are  ^  extensively  used  for  the  cooling  of  jacket  water  for  Diesel 
engines  _and  large  ca- 
pacity air  compressors, 
for  condensing  water 
for  refrigeration  ma- 
chines and  various  in- 
dustrial processes. 

This  type  of  equip- 
ment is  exceptionally 
well  adapted  in  loca- 
tions where  outdoor 

mounting  of  towers  on  building  roofs  would  be 

extremely  costly  due  to  piping  the  installation 

to  and  from  the  tower.    These  units  may  be 

conveniently  placed  adjacent  to  the  process 

with  provision  being  made  for  fresh  air  inlet 

to  the  tower,  such  as  open  doors  or  windows, 

whereas  the  saturated  air  is  conveyed  to  the 

outdoors  through  a  duct. 

Write  for   Complete    Data   on   New  Small 

Towers  for  Self -Contained  Air  Conditioners  and 

Similar  Equipment! 
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The  Marley  Company 

(Fairfax  and  Marley  Roads,)  Kansas  City,  Kansas 

Branches  or  Agents  in  Principal  Cities 
Spray  Nozzles  and  a  Complete  Line  of  Water  Cooling  Equipment 


MARLEY  NATURAL 
DRAFT  TOWERS 

Practically  unlimited 
range  of  closely  graduated 
sizes,  entirely  shop  fabri- 
cated. Minimum  initial, 
maintenance  and  opera- 
ting costs.  Many  exclusive 
MARLEY  advantages, 
Bulletins  201  and  202. 


MARLEY  Humi- 
MARLEY  Ice-    difying  Nozzle  adds 

MARLEY  Small  2-Piece  Noz-      Melting  Nozzle  for    moisture  to  air  in 
zles  for    Brine   Spraying,    Air     cooling  systems    open  rooms  or  duct 
Washing  and  Similar  uses.  using  ice.  system. 

Also  Water  Cooling  Nozzles  for  Cooling  Towers,  Spray  Ponds,  etc. 

MARLEY  PATENTED  NON-CLOG  SPRAY  NOZZLES 

Made  in  scores  of  types  and  sizes.    Practically  any  metal 
or  alloy  the  purpose  may  demand.    Bulletins  101  and  102. 


SMALL  INDUCED 
DRAFT  TOWERS 

Small,  self  -  contained , 
steel  units  for  2  to  170  ton 
service,  to  go  indoors  or 
out.  Smaller  sizes  (hori- 
zontal air  flow)  shipped 
all  assembled,  larger  ones 
(vertical  air  flow)  all  shop 
fabricated  for  fast,  easy 
assembly  at  location. 
Bulletins  503  and  505. 


LARGE  MARLEY  MECHANICAL  DRAFT  TOWERS 

Both  Forced  and  Induced  Draft  Towers,  for  heavy  duty 
water  cooling  services  of  all  kinds.  Any  capacity,  with  one 
fan  or  many,  individually  engineered  to  the  exact  require- 
ments of  each  installation.  MARLEY  patents  cover  a 
variety  of  important  features  for  extreme  operating  flexi- 
bility, high  efficiency  and  economy. 

Redwood  or  Steel  are  standard  materials,  Transite  and 
other  materials  on  special  order. 

"Double-Flow"  Induced  Draft  (below  left)  for  largest 
capacities.  Bulletin  602. 

"Standard"  Induced  Draft  (above)  for  usual  large- 
capacity  service.  Bulletin  601. 

Forced  Draft  (below  right)  for  suitable  applications  in 
large-capacity  service.  Bulletin  600. 


Also  Many  Other  Types  of  Towers,  Spray  Ponds  and  Related  Equipment 
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CORPORATION 

410  So.  Geddes  Street 
Syracuse,  N.  Y. 

AEGOFIN 


Standardized  Light-weight  Heat  Exchange  Surface 
Branch  Offices 

CLEVELAND,  CHICAGO,  NEW  YORK,  PHILADELPHIA,  DETROIT,  DALLAS,  TORONTO 


Aerofin  is  the  modern  Standardized 
Light- Weight  Encased  Fan  System  Heat- 
ing and  Cooling  Surface  originated  by  Fan 
Engineers  to  meet  the  present  and  future 
requirements  of  this  highly  specialized 
field.  All  Standard  AEROFIN  Units  are 
furnished  as  completely  encased  Units, 
ready  for  pipe  and  duct  connections.  The 
patented  casings  are  built  of  pressed  steel 
and  are  exceptionally  strong  and  rigid, 
protecting  the  Unit  from  all  the  strains  of 
pipe  connections  and  expansion  or  con- 
traction in  service.  The  casings  are  flanged 
on  both  faces,  top  and  bottom,  and  tem- 
plate punched  for  bolting  together  adjacent 
Units,  or  for  duct  connection. 


Fig.  1 


Aerofin  Non-freeze  heater  (Fig.  1)  is 
non-freeze,  non-stratifying  spiral  fin  coil 
built  into  casing  for  air  conditioning  units 
or  for  installing  in  ducts.  May  be  installed 
horizontally  or  vertically.  Used  on  any 
two-pipe  steam  system  for  preheating  or  re- 
heating. Modulating  control  on  preheaters. 

Available  in  13  lengths  and  3  widths, 
from  net  face  area  of  2.76  sq  ft  to  26.28 
sqft. 

Tubing  1  in.  O.D.  Innertube  %  in.  O.D. 

Headers  —  Cast  Brass. 

Fins  —  spiral,  turned  copper. 


Fig.  & 

Flexitube  Aerofin  (Fig.  2)  is  distin- 
guished from  all  other  developments  by  its 
off-set  tubes,  so  arranged  as  to  absorb  all 
expansion  and  contraction  strains. 

Headers — Cast  bronze  or  aluminum. 

Tubing — %  in.  O.D.  copper,  admiralty 
or  aluminum. 

Joints — Where  admiralty  or  copper  tubes 
are  used  together  with  bronze  headers 
tubes  are  brazed  to  headers  using  Mueller 
patented  joint.  Where  both  aluminum 
tubes  and  headers  are  used  tubing  is 
welded  to  headers. 

Casings — Copper,  aluminum  or  galvan- 
ized iron. 

Design — Constructed  with  headers  on 
opposite  ends  making  possible  installation 
of  units  with  tubes  horizontal  or  vertical. 


Fig.  3 


Universal  Aerofin  (Fig.  3)  is  distin- 
guished by  its  "S"  bend  construction  of 
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tubing,  units  designed  with  steel  headers 
on  opposite  ends,  the  ends  of  the  "S" 
bends  being  connected  thereto  by  com- 
pression nuts,  the  bends  taking  care  of  the 
expansion  and  contraction  of  the  tubing. 

Recommended  where  close  control  is 
desired. 

Headers — Pressed  steel. 

Tubing — 1  in.  O.D.  Copper,  admiralty 
or  aluminum. 

Casings — Copper,  aluminum  or  galvan- 
ized iron. 


Fig.  4 


High  Pressure  Aerofin  (Fig.  4)  is  of 
continuous  tube  design,  being  recommend- 
ed where  extremely  high  pressures  of  steam 
are  used. 

Headers — Pressed  steel. 

Tubing — 1  in.  O.D.  Copper,  aluminum 
or  admiralty. 

Casings — Copper,  aluminum  or  gal- 
vanized iron. 


Fig.  6 


^  Booster  Aerofin  (Fig.  5)  is  of  the  con- 
tinuous tube  design,  recommended  where 
small  volumes  of  air  are  used,  or  to  raise 
the  air  temperatures  in  branch  ducts,  etc. 

Headers — Cast  iron. 

Tubing—  %  in.  O.D.  Copper  or  alumi- 
num. 


Casings — Copper,    aluminum     or    gal- 
vanized iron. 
Aerofin     Encased     Booster     Units: 

(Fig.  5).     For  horizontal  or  vertical  air 
flow.    Six  sizes,  150  to  1624  cfm. 


Fig.  6 


Narrow  Width  Aerofin:  (Fig.  6) 
recommended  for  water  cooling  or  for 
flooded  Freon  systems.  Made  in  straight 
tubes  only  with  headers  on  opposite  ends, 
joints  between  headers  and  tubing  being 
brazed.  Construction  similar  to  Flexitube 
AEROFIN. 


Fig.  7 


Aerofin  Continuous  Tube  Water 
Coils  (Fig.  7)  are  designed  for  air  cooling 
by  circulating  cold  water  through  the 
AEROFIN  and  air  over  extended  fin  surface. 
Made  for  either  horizontal  or  vertical 
air  flow. 

<  Tubes  and  fins  are  copper,  completely 
tinned    with    permanent    metallic    bond 
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between  fin  and  tubes.  Headers  are  made 
of  one-piece  cast  bronze  and  casings  of 
heavy  galvanized  iron  or  copper. 

Units   tested    to    1000    Ib    hydrostatic 
pressure. 


Fig.  8 

Aerofin  Cleanable  Tube  Units  (Fig. 
8)  for  cooling  only  and  all  made  with 
headers  removable  to  permit  cleaning  out 
tubes.  Recommended  for  use  where  sedi- 
ment or  scale  forming  chemicals  are 
present  in  the  cooling  water. 

Headers — Cast  iron. 

Tubing — Copper  or  admiralty. 

Casings — Copper  or  galvanized  iron. 


Fig.  9 

End  plate  removed  showing  distributing 
and  suction  headers. 


Aerofin    Direct    Expansion    Units: 

(Fig.  9)  Row  Control  Type—Recom- 
mended for  use  where  cutting  on  or  off 
rows  of  tubes  in  direction  of  air  flow  is 
desired.  Suitable  for  use  with  Freon  or 
Methyl-Chloride. 


Fig.  10 

Aerofin    Direct    Expansion    Units: 

(Fig.  10)  Centrifugal  Header  Type— Re- 
commended where  control  of  rows  in 
direction  of  air  flow  is  not  required. 

Advantages:  Weighs  but  9  to  16  per 
cent  of  same  equivalent  cast  iron  surface 
and  occupies  one-third  of  the  space. 
Eliminates  expensive  foundations  and 
building  re-inforcement.  Can  be  suspended 
from  roof  beams  or  trusses  if  necessary. 

AEROFIN  Sizes 

Flexitube:  13  standard  lengths,  three 
widths,  one  and  two  rows  deep. 

Narrow:    same  as  Flexitube. 

Universal:  17  standard  lengths,  two 
widths,  one  and  two  rows  deep. 

Continuous  Tube:  13  standard  lengths, 
three  widths,  2-3-4-5  and  6  rows  deep. 

Cleanable  Tube :  17  standard  lengths, 
one  width,  2  and  4  rows  deep. 

Direct  Expansion:  Row  Control — 11 
standard  lengths,  3  widths,  1-2-3  rows 
deep.  Face  Control — 11  standard  lengths, 
3  widths,  2-3-4-5-6  rows  deep.  Centrifugal 
Header — 11  standard  lengths,  three  widths, 
2-3-4-5-6  rows  deep. 

Steel  Supporting  Legs:     18  in.  and 

24  in.  high.  Punched  same  bolt  hole 
centers  as  standard  casings.  Quickly 
attached.  No  other  foundation  required. 

Sale:  AEROFIN  is  sold  only  by  manu- 
facturers of  nationally  advertised  Fan 
System  Apparatus.  List  upon  request. 

Write  Syracuse  for  Heating  Bulletin 
G-32;  Direct  Expansion  Bulletin  DE-34 
on  refrigeration  type  units;  Continuous 
Tube  Bulletin  C.  T.  34  for  Water  Cooling 
Coils;  or  phamplet  on  Cleanable  Type 
AEROFIN  for  cooling. 
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The  G  &  O  Manufacturing  Company 

138  Winchester  Avenue  New  Haven,  Connecticut 


G3O 


SQUARE   FIN  TUBING 

STRAIGHT  LENGTHS— U-BENDS— CONTINUOUS  COILS 

RADIATING  ELEMENTS  FOR  ALL  HEAT  TRANSFER  PURPOSES 

G&O  Finned  Radiation  Coils  for  industrial  applications  are  available  in  a  wide  range, 
of  sizes. 


Universal  U-102  Standard  No.  10 

Send  for  Catalog  and  Price  List 


THE  use  of  INDIVIDUAL  fins  results  in  high  efficiency  in  heat  transfer  from 
primary  tube  surface  to  secondary  fin  surface. 

Fins  of  any  size  or  shape  may  be  obtained  giving  any  desired  proportion  of  primary 
and  secondary  surface. 

A  square  fin  has  about  30  per  cent  greater  surface  than  a  round  fin  of  a  diameter 
equal  to  one  side  of  the  square. 

Individual  fins  permit  of  any  fin  spacing;  also,  of  using  fins  in  groups  at  intervals 
along  tubes. 

STANDARD  SIZES 


A — Generous  Fin  Collar  provides  large 
contact  area  between  Tube  and  Fin., 

B — Tube  expanded  against  Fin  Collar; 
insures  mechanically  tight  joint,  made 
permanent  by  bond  of  high  tempera- 
ture alloy — complete  thermal  contact. 

C — Free  air-flow  passages;  non-clogging. 


O.D. 
of  Tube 

Fin 
Size 

Fin 
Spacing 

£ch 

Surface 

Linear 
Foot 

w 

W  »* 

6 

0.80  sq.ft. 

w 

WrU 

6 

0.60  sq.ft. 

w 

W  r'd. 

6 

1.55  sq.ft. 

w 

W  sq- 

6 

2.  40  sq.ft. 

}" 

2'/a*  »q. 

6 

4.  00  sq.ft. 

w 

23/8"r'd. 

4 

2.33  sq.  ft. 
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Jackson 


Acme  Industries 


Offices  in  30  Principal  Cities 


Michigan 


EVAPORATIVE  CONDENSERS 

Ask  for  Catalog  No.  27 


AIR  CONDITIONING  COILS 

Direct  Expansion 

and 
Water  Cooled 

Ask  for  Catalog  No.  34 


OIL 
SEPARATORS 

5  Standard  Sizes 

Up   to   50  Tons 

Capacity 

Ask  for  Catalog  No.  36 


ACME 

ALSO 

MANUFACTURES 

Liquid  Receivers 
Specialties 


Pipe  Coils 
Accumulators 


AMMONIA  CONDENSERS 

Ask  for  Catalog  No.  21 

FREON  CONDENSERS 

Ask  for  Catalogs  Nos.  23  and  24 


DRY-EX  WATER  CHILLERS 

Shell  and  Tube  Type 
Through  Tubes— No  Bends 

Refrigerant  in  Tubes 

Controlled  Water  Velocity 

Small  Refrigerant  Charge 

Ask  for  Catalog  No.  80 


FLOODED  SHELL  AND  TUBE  COOLER 

Plain  or  Insulated 

Cleanable  Tubes  and  Heads 

Designed  for 

DRINKING  WATER  SYSTEM 
BOTTLING  PLANTS 

Processing  and  ingredient  Water 
Ask  for  Catalog  No.  29 


ACME  HEAT  INTERCHANGERS 

Prevents  Liquid  Return  to  Compressor, 
Chattering  Valves,  Sweating  Suction 
Line — Acts  as  a  Booster. 

You  don't  have  to  choose    r>TTv 
between  quality  and  price~*  U  Y 
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Refrigerating 
Machinery 


Baker  Ice  Machine  Co.,  Inc. 

Omaha,  Nebr. 

MANUFACTURERS  OF  INDUSTRIAL  AND  COMMERCIAL 
REFRIGERATION  AND  AIR  CONDITIONING 

Sales  and  Service  in  Principal  Cities  Cable  Address:    BAKERICE 

AUTHORITY  ON  MECHANICAL  COOLING  FOR  35  YEARS 

Precision  manufactured  and  designed  for  maximum  service  and  economy,  Baker  equip- 
ment is  world-famous  for  its  high  quality  and  dependable  performance.  Important 
compressor  features  include:  full  force  feed  lubrication,  honed  cylinders,  double  trunk 
type  pistons,  Timken  roller  bearings.  Write  for  specifications  and  descriptive  literature. 

BAKER  FREON  AIR  CONDITIONING  UNITS 


Small  Con- 
densing Units 

Complete  line  of 
self-contained, 
automatic  units. 
From  M  hp  to 
15  hp  capacity. 
2-and  4-cylinder 
types.  Air-  or 
water-cooled. 


Large 
Condens- 
ing Units 

Available 
in  6  models, 
20  to  60  hp 
inclusive,  4- 
cylinder, 
self-con- 
tained, 
automatic 
units.  Shell  and  tube  condenser-receiver, 
Pressure  lubrication  from  gear  type  pump. 


Dual  Condensing  Units 

Designed  especially  for  variable  load  re- 
quirements. Dual  4-cylinder  type  water- 
cooled  unit.  Automatic  capacity  control. 
Shell  and  tube  type  condenser. 


Compressors 

4-cylinder  type,  avail- 
able in  sizes  from  10  hp 
to  60  hp.  Semi-steel 
cylinders  and  pistons. 
Counter-balanced 
crankshaft,  precision 
ground.  Nickelite  con- 
necting rod  bearings. 

Compressor 
Units 

Arranged  for  use 
with  evaporative 
type  condenser 
or  water  cooling 
tower.  Sizes 
range  from  2  to 
60  hp.  2-  and 
4-cylinder  types. 
Automatic  controls. 


Dual    Compressor    Units 
for  Capacity  Control 

19  different  models,  10  hp  to  120  hp  in- 
clusive. Two  separate  4-cylinder  com- 
pressors, automatic  controls,  independent 
motors,  pressure  lubrication,  panel  type 
gauge  board.  For  use  with  separately 
mounted  shell  and  tube  or  evaporative 
condenser. 


Baker  Shell  and  Tube  Condensers  and  Liquid  Coolers 

(1  to  250  tons  capacity) 

Horizontal  multipass  or  vertical  shell  and  tube  con- 
struction. Complete  range  of  sizes  up  to  2500  sq  ft  of 
cooling  surface  in  single  shells.  Code  welded,  seamless 
steel  or  hard  copper  tubes.  Easily  cleaned. 
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Brunner  Manufacturing  Company 

Utica,  New  York,  U.  S.  A. 


For  Years  the  Symbol  of  Quality 


The  Brunner  line  of  refrigeration  equipment  includes  Air  Conditioning  models 
up  to  and  including  25  hp  for  all  types  of  high  temperature  applications  within  their 
capacity,  using  either  "Freon-12"  or  Methyl  Chloride  as  refrigerant. 

The  Brunner  field  sales  organization  is  available  in  all  parts  of  the  country, 
backed  by  outstanding  achievements  in  engineering,  and  adoption  of  modern  methods 
and  design  of  air  conditioning  equipment. 

Installation  of  Brunner  refrigerating  units  is  insurance  of  the  finest  quality  of  materials 
and  workmanship — plus  the  highest  efficiency  possible  in  modern  design  and  manu- 
facture. 


SPECIFICATIONS 

CAPACITIES 
Air  Conditioning  Units 
Based  on  75  F  Water  Temperature 
"Freon-12"  Refrigerant 

DIMENSIONS 

Model  No. 

HP 

Cyls. 

Bore  &  Stroke 

Rpm 

Btu  per  Hr  40°  Evap.  Temp. 

L.W.H. 

W    300-FH 

3 

4 

3%  *  21/4 

260 

38547 

47"     23^'  27" 

W    500-FH 

5 

4 

«    «    « 

420 

62270 

U                 It                 ft 

W    750-FH 

7>/2 

4 

4>/4x3 

260 

91526 

60"     30"     39" 

W  1000-FH 

10 

4 

tl       It    U 

350 

123211 

U                 U                U 

W  1  500-FH 

15 

4 

U      It    U 

525 

184815 

U               U               U 

W20000-FH 

20 

4 

4'/4x5 

435 

255046 

72'/4"  31'/2"  473/4" 

W25000-FH 

25 

4 

"    «  « 

540 

316652 

«            «            « 

Additional  air  and  water  cooled  models  from  H  hp  for  commercial  and  industrial  applications. 

BRUNNER  DEPENDABILITY  .  .  . 

is  based  on  time-proven  features  of  design 
and  manufacture  ...  all  parts  are  precision 
machined  within  extremely  close  tolerances 
.  .  .  bronze  bearings  throughout  .  .  .  extra 
large  fin  surface  on  cylinders  and  heads  . .  . 
bellows  seal  .  .  .  silent  eccentric  drive 
(except  on  20  hp  and  25  hp  models,  which 
employ  crankshaft)  .  .  .  suction  and  dis- 
charge valves  in  "all-in-one"  plate  as- 
sembly .  .  .  heavy-duty  motor  with  high 
starting  torque  .  .  .  adjustable  motor 
base  .  .  .  multiple  V-belt  drive.  Through- 
out, Brunner  Refrigeration  Units  are 
geared  to  the  demands  of  heavy-duty 
service.  Completely  illustrated  catalog 
on  request.  Model  W-%50QO-PH 
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Curtis  Refrigerating  Machine  Company 

Division  of  Curtis  Manufacturing  Company 
1959  Kienlen  Ave.,  St,  Louis,  Mo.,  U.  S.  A. 

ESTABLISHED  1854 


93  Condensing  Units 
from    1/6   to   30   hp 


CURTIS 

REFRIGERATION 


Unit  Coolers  and 
Evaporator   Coils 


fl  to  %  hfr  Self-Contained  Con- 
densing Unit, 


hp  Air  Cooled  Condensing 
Unit.     Other  sizes  from   %   to 
Bhp. 


PRODUCTS:  Refrigerating  Machinery;  Forced  Draft  Cooling  Units;  Cooling 
Coils,  Condensers,  Shell  and  Tube  Coolers,  Valves,  Fittings  and  Accessories, 
Complete  Refrigerating  Equipment  for  Dairies,  Creameries,  Ice  Cream  Cabi- 
nets, Ice  Cream  Making  Plants,  Cold  Storage  Locker  Systems,  Walk-in  Coolers, 
Drinking  Water  Systems,  Commercial  and  Low  Temperature  Cooling,  Pro- 
cessing and  Air  Conditioning  Installation,  Packaged  and  Remote  Types. 

Commercial  Refrigeration 


45  air  cooled  condensing 
units  from  j^  to  5  hp, 
inclusive,  and  47  water 
cooled  units  from  J^  to 
30  hp,  inclusive.  All 
models  available  for  either 
Freon  (F-12)  or  Methyl 
Chloride.  Mechanical  ad- 
vantages include  Timken 
Bearings,  Centre-Ring 
Positive  Pressure  lubri- 
cation. 


Special  models  are  avail- 
able for  ice  cream,  frozen 
food  cabinets  and  for  the 
dairy  industry. 


Air  Conditioning 

For  stores,  offices  and  all 
types  of  commercial  es- 
tablishments Curtis  offers 
complete  packaged,  re- 
frigerated air  conditioning 
units,  requiring  only  water 
and  electrical  connections 
to  install.  Cools,  dehu- 
midifies,  circulates  and 
filters  the  air.  Eliminates 
costly  installation  ex- 
pense. Adaptable  for 
heating. 
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16  hp  Cleanable  Shell  and  Tube 

Condensing    Unit.      Other   sizes 

from  S  to  SO  hp. 


5  hp  Water  Cooled  (Counterflow) 

Condensing    Unit.     Other  sizes 

from  %  to  5  hp. 


-     ton  Remote  or  Central 
Type  Air  Conditioner. 


5  and  5  ton  Packaged  Type  Air 
Conditioner. 
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Refrigerating 
Machinery 


ALBANY 

ATLANTA 

BALTIMORE 

BOSTON 

BUFFALO 

CHARLOTTE 

CHICAGO 

CINCINNATI 

DALLAS 

DETROIT 


Frick  Company 

(Incorporated) 

Air  Conditioning,  Refrigerating 
and    Ice-Making    Equipment 

Waynesboro,  Penna. 


Distributors  In  150 


AIR  CONDITIONING 


We  furnish  complete  air  conditioning  sys- 
tems as  well  as  refrigerating  machinery  for 
use  with  equipment  supplied  by  others. 
More  than  a  thou- 
sand installations 
attest  the  value  of 
the  various  Frick 
systems  of  air  con- 
ditioning, some  of 
which  are  patented, 
and  of  those  made 
under  the  patents  of 
the  Auditorium 
Conditioning  Corp. 
Ask  for  Bulletin 
505,  describing  the 
five  principal  kinds 
of  systems;  also 
Bulletins  504  and 
520,  illustrating  and 
listing  typical  jobs. 
Estimates  cheerfully  furnished. 


Frick  Unit  Air  Conditioners, 

built  in  two  sizes,  are  part  of 

the  compete  line  of  Prick  Air 

Conditioning  Equipment 


FRICK  FREON-12  REFRIGERATION 

Includes  a 
complete  line 
of  enclosed 
type  Freon-12 
compressors. 
Large  capa- 
city, ample  gas 
passage,  pres- 
sure lubri- 
cation from 
internal  pump, 
patented 
F  L  E  X  O  - 
SEAL  at  shaft. 
Coils,  coolers,  condensers  and  controls  for 
Freon-12  systems.  Bulletin  508. 


Scores  of  Theatres  Use 
Frick  Air  Conditioning 


Large  4-Cylinder 
Compressor 


Enclosed  Type 
Ammonia  Compressor 


Principal  Cities 


KANSAS  Cm: 

Los  ANGELES 

MEMPHIS 

NEW  ORLEANS 

NEW  YORK 

OKLAHOMA  CUT 

PALATXA 

PHILADELPHIA 

PITTSBURGH 

ST.  Louis 

SEATTLE 


The  Missouri  Athletic 
Association  Uses  357  Tons 
of  Frick  Ammonia  Re- 
frigeration in  its  Club~ 
house  at  St.  Louis 


AMMONIA  REFRIGERATION 

Machines  in  all  ca- 
pacities from  l/z  ton 
up.  Combined 
units  and  vertical 
enclosed  type  com- 
pressors ;  complete 
high  and  low  sides. 
Widely  used  for  air 
conditioning,  with 
material  savings  in 
power.  The  Phil- 
cade  and  Philtower 
buildings  in  Tulsa, 
Okla.,  using  1000 
tons  of  refrigera- 
tion, are  typical  of  the  many  air  condi- 
tioned with  Frick  ammonia  systems — with 
important  savings.  Ask  for  Bulletins  on 
the  sizes  of  machines  in  which  you  are 
interested;  Nos.  104  to  700. 

LOW   PRESSURE  REFRIGERATION 

Commercial  units  in 
more  than  50  sizes 
and  types,  with 
motors  of  %  to  30 
hp.  Charged  with 
Freon-12  or  methyl 
chloride.  Air  and 
water  cooled  conden- 
sers. Finned  coils, 
fan  and  blower  units, 
air  conditioners. 
Bulletins  97  to  100. 


£0-TonFreon-l£  Unit  for 
Air  Conditioning  Work 


SERVICES 

Offered  to  the  industry  include  surveys, 
recommendations,  literaturef>  estimates, 
sales,  manufacturing,  installation,  test  and 
maintenance.  Frick  Branch  Offices  and  Dis- 
tributors are  located  throughout  the  world. 


Pride  Encksed 
Freon-12  Compressor 


Low  Pressure 
Refrigerating  Units 
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Refrigerating 
Machinery 


Mario  Coil  Co. 

6135  Manchester  Ave.,  St.  Louis,  Mo. 
Refrigeration  Equipment  Manufacturers 

Brine  Spray  Units — Unit  Coolers — Evaporative  Condensers — Low  Tem- 
perature Units — Air  Conditioning  Units — Heating  and  Cooling  Coils. 

Evaporative  Condenser 

A  combination  forced- 
draft  Cooling  Tower  and 
Condenser  for  indoor  or 
outdoor  installations.  Ex- 
clusive Mario  features  are 
' '  Unidrive ' '  pump-blower 
motor;  all  prime  surface 
coils;   internal   surface 
covered     with     corrosion 
resistant    mastic; 
frame  electric  weld- 
ed and  galvanized 
after  fabrication. 
See  Bulletin  No.  404. 

Unit  Coolers 

In  this  new  model,  air  is  pulled  instead  of  forced 
through  coils,  thus  utilizing  complete  coil  surface 
and  obtaining  greater  efficiency.  Available  in 
eight  sizes,  for  all  common  refrigerants.  AI1- 
aluminum  housing.  Request  Bulletin  No.  402. 

Air  Conditioning 
Coils— Blast  Coils 

Durably  built;  con- 
servatively rated; 
available  in  ma- 
terials suitable  for 
any  cooling  or  heat- 
ing medium.  All 

coils  thoroughly  de-  Air  Conditioning  Units 

hydrated  and  tested  Air  Conditioning  Units  in  either  ceiling 
at  1,0 00- pound  suspended  or  floor  type.  Capacities 
pressure  under  fro£  90Q  cu  ft  to  12>000  cu  ft  sturdily 
water  Ask  for  Bui-  built  Qn  angle  wdded  iron  frames  of 
letin  JNo,  d9o.  sectional  design  for  easy  installation. 

Bulletin  No.  409  gives  complete  details. 


Brine  Spray  Units 

Specially  designed  to 
maintain  temperature 
below  freezing,  and  yet 
eliminate  all  defrosting 
problems.  Write  for 
Bulletin  No.  403. 


Low  Temperature  Unit 

Designed  for  sub-zero  temperature  application. 
Equipped  with  the  original  Mario  electric- heating 
element  for  manual  or  automatic  defrosting. 
Available  for  any  refrigerant.  Full  details  in 
Bulletin  No.  407, 
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Servel,  Inc. 

Electric  Refrigeration  and  Air  Conditioning  Division 
Evansville,  Indiana 
AIR  CONDITIONING 


Servel    5-Ton    Compact 
Unit  for   Store  Coolers 


Servel  concentrates  its  engineering  and 
manufacturing  facilities  on  refrigerating 
machines  for  use  in  the  air-conditioning 
industry. 

Backed  by  18  years  of  experience  in 
building  heavy-duty  low-pressure  refriger- 
ating machines,  Servel  units  offer  every 
modern  feature,  plus  a  record  of  proven 
dependability. 

This  year,  for  the  first  time,  Servel 
offers  a  series  of  compact,  highly  special- 
ized Freon  units  for  self-contained  store 

REMOTE  MODELS 


coolers.  These  all  carry  4-  or  8-cylinder 
compressors,  dynamically  balanced,  with 
provision  for  full  floating  suspension,  and 
are  extremely  compact. 

For  remote  applications,  Servel  offers  a 
full  line  of  units — both  air-cooled  and 
water-cooled — ranging  in  capacity  from 
%  ton  to  20  tons.  As  a  result  of  recent 
advancements  in  material  and  design, 
these  models  set  a  new  standard  for  com- 
pactness, quiet  operation,  and  freedom 
from  vibration. 

COMPACT  MODELS — For  Store  Coolers 


Model 

Compressor 

Tons 

Model 

Dimensions 

W 

D 

H 

WJ75AF* 

4  cyl.  13/fl  x  |3/e 

3/4 

WZ100AF* 

4cyl.  15/8xP/8 

1 

WZ150AF* 

4  cyl.  15/8xl3/8 

1'/2 

WQ200AF* 

4  cyl.  I3/4xl3/4 

2 

WXQ200AF 

31 

31    " 

14 

22V4 

WQ300AF* 

4  cyl.  13/4xl3/4 

3 

WXQ300AF 

19 

223/4 

WT500AF 

4  cyl.  2i/8xl  3/4 

5 

WXTSOOAFf 

371/2 

19 

25'/4 

WK750AF 

8  cyl.  21/axl  3/4 

7'/2 

WXK750AF 
"WXK1000AF    " 

403/4 

'"23% 

311/2 

WK1000AF 

8  cyl.  2'/8  x  13/4 

10 

413/4 

23</2 

321/2 

WV1500AF 

4  cyl.  33/4  x  33/4 

15 

Smaller  self-contained  models  built 
to    order    on     quantity    contract. 

WV2000AF 

4  cyl.  33/4x33/4 

20 

*Also  available  in  air-cooled  models, 


•(•Illustrated  above. 
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UNIVERSAL  COOLER  CORPORATION 

Marion,  Ohio 


Automatic  Refrigeration  Exclusively  Since  1922 


Model  W-1500,  15  hp  Condensing  Unit. 

A  complete  LINE  of  CONDENSING  UNITS  AND  COMPRESSORS 

MANUFACTURERS:  We  offer  you  a  complete  line  of  commercial  condensing  units 
and  compressors.  Our  unique  policy  of  selling  to  manufacturers  only  is  ideally  suited 
to  your  business.  Our  products  are  accepted  by  nationally  and  internationally  known 
makers  of  refrigerating  and  air  conditioning  equipment.  Data  and  quotations  sent 
promptly  at  your  request. 

ARCHITECTS  AND  ENGINEERS:  We  will  gladly  send  you  descriptive  matter 
and  technical  capacity  and  performance  data  on  our  condensing  units.  You  can  use  this 
information  with  confidence  in  preparing  your  own  specifications  for  refrigeration  and 
air  conditioning  work. 

CONTRACTORS:  These  splendid  refrigerating  Machines  are  available  to  you 
through  many  of  the  leading  manufacturers  of  refrigerating,  air  conditioning  and  fan 
equipment.  We  maintain  no  local  dealers  or  branches  to  compete  with  you  in  contract 
work. 

We  will  gladly  send  complete  data. 

Universal  Cooler  Corporation,  Marion,  Ohio. 

Universal  Cooler  Company  of  Canada,  Ltd.,  Brantford,  Ontario. 

Listed  under  Reexamination  Service  of  Underwriters  Laboratories,  Inc. 
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Refrigerating 
Machinery 


Worthington  Pump  and  Machinery  Corporation 

WORTHINGTON  Carbondale  Division 


^'egzSamaueSS^ 

ALBANY 
ATLANTA 
BALTIMORE 
BIRMINGHAM 
BOSTON 
BUFFALO 

™SSSSS3^          General  Offices: 

CHICAGO             EL  PASO 
CINCINNATI       FORT  WORTH 
CLEVELAND        GALVESTON 
DALLAS              HOUSTON 
DENVER            KANSAS  CITY 
DETROIT            Los  ANGELES 

HARRISON,  NEW  JERSEY 

NEW  HAVEN 
NEW  ORLEANS 
NEW  YORK 
PHILADELPHIA 


PITTSBURGH 


PORTLAND,  ORE.  SALT  LAKE  CITV 
Representatives  in  Principal  Cities  of  Foreign  Countries 


PROVIDENCE  SEATTLE 

ROCHESTER,  N.Y,    SPRINGFIELD,  MASS. 

SYRACUSE 

TULSA 

WASHINGTON,  D.C. 

WILMINGTON,  DEL. 
CAM 


ST.  Louis 
ST.  PAUL 
SAN  FRANCISCO 


REFRIGERATION  SYSTEMS  FOR  AIR  CONDITIONING  IN 
COMFORT  COOLING  OR  INDUSTRIAL  PROCESS 

Complete  refrigerating  systems  for  use  with 
Freon-11,  Freon-12,  Methyl  Chloride,  Am- 
monia, or  Carbon  Dioxide,  either  direct- 
expansion  or  water  cooling  applications.  A 
complete  line  of  refrigeration  compressors, 
permitting  impartial  recommendations.  A 


nation-wide  organization   of   Distributors 


in  major  cities  to  provide  sales  and  engi- 
neering service  and  plan  complete  air  con- 
ditioning systems  of  the  central  or  unit 
type.  Architects,  Engineers,  and  Con- 
tractors are  invited  to  consult  with  us. 
Write  to  Harrison,  N.  ],,  or  any  branch 
office,  for  bulletins  on  these  products. 


Small  Self-contained  Units 

Freon  - 12  or 
methyl  chlo- 
ride condens- 
i  n  g  units; 
motors  J>i  to 
25  hp;  ratings 
up  to  25  tons. 

Overall  Dimensions 

Smallest:    20  in.  long,  16  in.  wide,  16  in.  high 
Largest:    108  in.  long,  45  in.  wide,  52  in,  high 

Medium  Self-contained  Units 

Freon-12 
or  methyl 
chloride 
units,  equip- 
ped with  ca- 
pacity con- 
trol; pa  ten  ted 
Feather 
Valves ;  mo- 
tors of  30  to 
60  hp. 


Large  Self-contained  Units 

Freon  -  12 
refrigeration 
units  util- 
izing the 
new,  modern 
eight-cylin- 
der V-type 
compressor 
built  into  a 

T  _ ,    ,  compact  unit. 

V-belt  or  direct  motor  drive.     Variable 

capacity  control.     Motors  of  75,  100,  and 

125  hp. 


Vertical  Duplex 
Double-acting  Compressors 

Freon-12 
or  ammonia; 
large  tonnage 
compressors; 
force -feed 
lubrication; 
roller  main 
bearings. 
Crank case 
sealed  from 
cylinders, 
preventing 
contamina- 
tion of  oil  by 
refrigerant. 
Equipped 
with  patentee!  Feather  Valves;  automatic 
capacity  control  features.  Crosshead  in- 
corporated in  enclosed  crankcase.  Capa- 
cities up  to  250  tons. 


Steam  Jet 
Water  Cooling  Systems 


15  to  600 
tons.  Either 
surface  or 
barometric 
condenser 
may  be  fur- 
nished. 


Miscellaneous 

High  and  low  side  equipment  for  every 
purpose. 
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Air  System  Equipment 


Refrigerating 
Machinery 


Worthington  Pump  and  Machinery  Corporation,  Carbondale  Division 


Centrifugal  Refrigeration 
Water  Cooling  Systems 

Freon-l 1 
centrifugal 
compres- 
sor, water 
cooler  and 
water-cool- 
ed conden- 
ser in  com- 
pact unit 
assembly. 

Electric   motor  or   steam   turbine   drive. 

42  unit  sizes  ...  150  to  650  tons. 

Air  Conditioning  Units 

For  Direct  Expansion  Freon-l 2 

or  Chilled  Water  Circulation 

Vertical  and 
horizontal;  500 
to  12,000  cfm; 
large  air  pas- 
sages; slow 
speed,  quiet 
rugged  fans; 
separable  sec- 
tions; readily 
accessible.  The 
design  permits 
flexibility  in 
installation 
arrangements. 

Shower  Condensers 

A  combined  con- 
denser, receiver, 
and  modified  cool- 
ing tower,  in  one  as- 
sembly, for  Freon- 
12  or  methyl 
chloride  systems; 
2  to  130  tons  re- 
frigeration; built  in 
separable  sections; 
all  parts  easily  ac- 
cessible. Saves  90 
to  95  per  cent  in 
cost  of  water. 

Horizontal  Condensers 


Atmospheric  drip  type,  for  warm  corrosive 
waters.  Double-pipe  for  closed  systems, 
can  be  retubed  without  shutting  down. 
Multi-pass  for  closed  systems  and  space 
saving. 


Vertical  Ammonia  Compressors 

Pressure- 
lubricated ; 
roller  main 
bearings; 
safety  heads; 
patented 
Feather 
Valves;  belt 
drive,  or  di- 
rect-connec- 
ted to  electric 
motor,  Diesel 

or  gas  engine;  ratings  from  2  to  160  tons 

in  one  unit. 

Horizontal 
Ammonia  Compressors 


Single  and  duplex;  single-stage  and  two- 
stage;  belt  drive,  or  direct-connected  to 
electric  motor,  Diesel,  gas  or  steam  engine; 
patented  Feather  Valves;  ratings  from  60 
to  750  tons.  Automatic  capacity  control 
features  are  easily  applied.  Space  require- 
ments vary  depending  upon  type  and  drive. 

Carbon  Dioxide  Compressors 


A  series  of 
convenient 
types  and 
sizes  for 
every  re- 
quirement is 
available. 


Liquid  Cooling  Equipment 

Various  de- 
signs  of 
horizontal 
single  and 
multi-pass 
types,  for  a 
wide  range 
of  services; 
also  verti- 
cal types. 
Chillers  for 
oil  dewaxing.  Single  and  double-pipe  for 
milk,  wort,  chemicals,  etc.  Cold  liquid 
circulating  systems. 
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Air  System  Equipment 


The  Vilter  Manufacturing  Company 

Since  1867 

Milwaukee,  Wisconsin 

AIR  CONDITIONING  EQUIPMENT  FOR  INDUSTRIAL  OR 
COMFORT  COOLING 

COMPRESSORS  OF  MODERN  DESIGN 


Ammonia 
Compressors 


Freon 
Condensing  Unit 


Freon  Compressors 
for  Large  Installations 


Ammonia  Compressors — The  result  of  over  seventy  years  of  research 
development  and  experience  gained  through  thousands  of  installations  of  all 
types,  in  all  industries.  Famous  for  high  tonnage  capacity  at  low  hp  and  low 
operating  costs.  Built  in  a  wide  range  of  capacities  from  2  to  100  tons  standard 
A.S.R.E.  rating  in  Vertical  Types;  up  to  750  tons  in  Horizontal  Type. 
Freon  Compressors — Embody  many  outstanding  new  features  that  prevent 
leakage  and  minimize  friction — resulting  in  extremely  low  relative  hp  per 
ton.  Made  in  capacities  up  to  150  tons.  Capacitrols  available  at  slight 
additional  cost  provide  flexibility  of  operation. 

Freon  Condensing  Units — Self-contained  units  made  in  sizes  from  J4  hp  to 
30  tons  capacity.  Embody  latest  engineering  features. 
Unit  Air  Coolers — Available  in  a  wide  range  of  sizes  and  types  for  any  air 
conditioning  requirement — product  coolers,  dry  coil  coolers,  spray  type 
coolers,  low  temperatures  electric  defrosting  coolers,  and  floor  or  ceiling 
central  system  air  conditioners. 

Self -Contained  Air  Conditioners — 3  and  5  hp.  May  be  placed  directly 
in  space  to  be  cooled,  or  connected  with  duct  work.  Attractively  finished  to 
harmonize  with  any  decorative  scheme. 


Dry  Coil  Type 


UNIT  AIR  CONDITIONERS 

Spray  Type 


Self-Contained 
Air  Conditioner 


Vilter  also  builds  a  complete  line  of  shell  and  tube  water  coolers,  brine  coolers,  con- 
densers; air  conditioning  coils,  evaporative  condensers  and  air  washers — and  special 
units  for  central  station  comfort  cooling  systems. 
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AlT  System  Equipment   •  Fans  and  Blowers 


Autovent  Fan  &  Blower  Company 

1809-23  N.  Kostner  Ave.,  Chicago,  Illinois 
FANS  — BLOWERS  — UNIT  HEATERS 

Member  National  Association  of  Fan  Manufacturers  and  Industrial  Unit  Heater  Association 


AUTOVENT  "31  Series" 
PROPELLER  FANS 

Exclusive  Autovent  design 
— will  not  churn  air  or  over- 
load motor.  Ruggedly  con- 
structed for  indefinite 
economical  operation  under 

severe    conditions.      Available    for    quiet 

operation.    Capacities  from  450  to  38,000 

cfm.    Bulletin  No.  200-A. 

ACID-MOISTURE 

PROOF 

PROPELLER  FANS 
For  use  where  corrosive  acid 
fumes  or  excess  moisture 
exists.  All  exclusive  Auto- 
vent  features.  Available 
with  Bakelite  lacquer  protective  coating 
for  average  condition  or  a  new,  Heresite 
Chemical  (375°)  baked  finish  for  severe 
cases.  Bulletin  No.  201-A. 

VAPOR-EXPLOSION  PROOF 
PROPELLER  FANS 

Safe  ventilation  regardless  of  the  dust  or 
fume  hazard.  Non-ferrous  fan  wheels 
and  chemical  coatings  furnished  to  require- 
ment. Underwriters  Label  Class  1,  Group 
D.  motors.  12  in.  to  36  in.  fan  sizes. 
Bulletin  201-A. 

New  AUTOVENT  Super- 
Type  UNIT  HEATERS 

This  suspended  type  heater 

forces   air   circulation   and 

directs  warm  air  to  lower 

part  of  room.  Heating  ele- 
ment of  flat  copper  fins,  attached  to 
seamless,  drawn  copper  tubes.  No  welded 
or  brazed  joints  in  coil  or  header.  Fans 
have  non-overloading  power  feature. 
Motor  furnished  to  requirement.  Capa- 
cities from  20,000  Btu  to  398,500  Btu. 
Bulletin  103. 

AUTOVENT 

"V"  BELT  DRIVEN 

UNIT  BLOWERS 

Forwardly    curved    blades. 

Quiet   bearings.      Motor 

mounted  on  steel  pedestal, 
integral  with  blower  housing.  Air  delivery 
can  be  decreased  or  increased.  Inter- 
changeable motors.  Sturdily  constructed 
of  sheet  steel.  Bulletin  No.  300-A. 

The  Complete  Line  of  Autovent  Propeller  Fans  and  Blowers  is  tested  and  rated  in  ac- 
cordance with  the  Standard  Test  Code  adopted  jointly  by  the  National  Association  of  Fan 
Manufacturers  and  the  AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS. 
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AUTOVENT  "BW" 
PROPELLER  FANS 

A  slow  speed  operating 
bucket  wheel  type  fan. 
Provides  efficient  ventila- 
tion for  unlimited  uses 
from  750  to  40,000  cfm.  Sturdy  con- 
struction. Minimum  power.  Quiet  oper- 
ation. Bulletin  No.  202-B. 

COOLVENT  ATTIC 

FANS 

Solve  the  low  cost  summer 
comfort-cooling  and  venti- 
lating problem  for  homes 
with  a  quiet  attic  fan !  Bear- 
ings and  motor  are  rubber 
mounted  to  insure  quiet  operation.  Built 
in  sizes  24  in.  to  54  in.  Bulletin  No.  40. 

ALL  VENT  ALL-PURPOSE  FAN 

Special,  QUIET  operating  fans  designed  for 
stores,  offices,  factories.    Bulletin  No.  206. 

AUTOVENT 

UNIBLADE  VOLUME 

BLOWERS 

Motor  driven — universal 
discharge  for  fume  hoods, 
chemical  labs,  processing, 
drying,  forced  draft,  etc.  Handle  low  vol- 
umes of  air  at  medium  pressures.  Wheels 
range  from  6  in.  to  11  in.  diameters — 
same  design  as  heavy  duty  blowers.  Can 
be  mounted  on  floor,  wall  or  ceiling.  Direct 
Connected  Blowers  for  general  ventilating 
applications  available  in  wheel  diameters 
up  to  25  in.  Bulletin  No.  300-A. 

AUTOVENT 

UNIBLADE  TYPE  "H" 

or  "HB"  BLOWERS 

Ideal  for  ventilating  and 
air  conditioning  installa- 
tions featuring  backwardly 
inclined  blades  and  non-overloading  power 
characteristics.  Also  comes  with  forwardly 
curved  blades.  Belt  driven,  centrifugal 
type  in  single  or  double  widths  with  12  J^  in. 
to  75  in.  wheel  diameters.  Can  be  furnished 
to  any  speed  or  discharge  requirement. 
Bulletin  No.  301.  Backward  curve  type 
HB  Belt  Driven  Blowers,  Bulletin  No.  302. 
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American  Coolair  Corporation 

Jacksonville,  Florida 

Cooling  and  Ventilating  Fan  Systems 

For  Homes,  Offices,  Stores,  Factories,  Etc. 

A  Pioneer  Manufacturer  of  Attic  Fans  for  Home  Cooling 

Charter  Member— Propeller  Fan  Manufacturers  Association 

COOLING  BY  AIR  MOVEMENT 

Engineers  and  architects  know  well  that  people 
working  or  living  within  a  building  can  be  kept 
cool,  healthfully  and  economically,  by  sufficient 
movement  of  fresh  air.  It  is  not  so  well  known, 
perhaps,  that  such  cooling  requires  four  to  eight 
times  the  volume  of  moving  air  needed  for  simple 
ventilation.  Satisfactory  cooling  requires  a  com- 
plete air  change  in  working  or  living  quarters  at 
least  once  a  minute. 

The  American  Coolair  Corporation  pioneered  in 
the  manufacture  of  attic  fans  for  home  cooling  and 
during  the  past  12  years,  Coolair  engineers  have 
been  directly  responsible  for  many  of  the  develop- 
ments in  this  field. 

In  planning  a  Coolair  installation,  determine 
cubic  content  of  space  to  be  cooled  or  ventilated 
and  select  fan  of  ample  capacity  based  on  the  table 
of  Recommended  Air  Changes  shown.  Write  for 
Coplair's  FREE  catalog  containing  detailed  instal- 
lation suggestions  for  home  and  commercial  jobs. 


Type   0,    showing    new    built-in 
Ideal  for  r"' !~J-- 


Coolair 

springs.    Ideal  for  attic,  window  and  wall 

installations  in  homfs,  offices,  restaurants, 

stores,  etc.. 


Coolair  Type  5,  diameters  6  to  9  ft, 
capacities  up  to  150,000  cfm.  Used 
in  hotels,  factories,  auditoriums,  etc. 


FEATURES  OF  GOOLAIR  FANS 
1.  New  Built-in  Springs — completely  insulate  moving 
parts  from  frame,  eliminating  vibration  noise.  Simplify 
window,  wall  and  attic  installations.  2.  Light,  Com- 
pact Fabricated  Steel  Frame — fits  into  many  places 
where  fans  with  bulky  metal  housings  cannot  be  used. 
Easy  to  handle  and  install.  3.  Reversible — when 
equipped  with  reversible  motor,  fan  will  blow  in  or 
exhaust  at  will.  4.  Ball  Bearings  in  Fan  Hub — 
Eliminate  sleeve  bearing  chatter  and  end  thrust  knock. 
Permit  operation  in  any  position  (specify  ball  bearing 
motor  for  vertical  or  angle  discharge).  Uses  grease 
instead  of  oil,  requiring  attention  only  once  a  year 
(once  each  three  years  for  residential  service).  5.  Eight 
Large,  Slowly-Moving  Steel  Blades — instead  of  four 
or  less  usually  found  on  cheaper  fans.  Up  to  12  blades 
on  Type  S  models.  Low  tip  speeds  for  quiet  per- 
formance, steady  flow  of  air.  6.  Efficient  V-Belt 
Drive — and  small  motor  for 
efficient  operating  speed.  7. 
Efficient  Long  Hour  Service 
Motors-— rubber  mounted  on 
adjustable  support.  Nation- 
ally known  make  approved  for 
this  application.  8.  Certified 
Air  Ratings — in  accordance 
with  Standard  Test  Code  of 
AMMfandASHVE.  9.  Five  - 
Year  Guarantee  on  Resi- 
dence Fans  (belts  and  motors 
1  year).  ^  ^^ 

Coolair  Type  T,  space-saving,  efficient 
twin  unit  widely  used  where  headroom 
is  limited.  Shown  with  new  built-in 
springs.  U.  S.  Patent  No.  $,108,738 
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Performance  Data— Coolair  Belt  Drive  Fans 


Fan  Size 

HP 

Fan  rpm 

Cu  Ft  Air 
Per  Min 

Fan  Size 

Hp 

Approx. 
Fan  rpm 

Cu  Ft  Air 
Per  Min 

2-0 

26" 

B 
C 
D 

|LH 
___ 

¥ 

448 
535 
595 

4600 
5500 
6100 

6-S 
72" 

B 

C 
D 
D 

f 

5 

171 
190 
206 
263 
306 

32000 
35500 
38500 
49000 
57500 

2^-0 
32" 

B 

D 
D 

395 
432 
495 
567 

7500 
8200 
9400 
10700 

7-S 
84" 

B 
C 
D 
D 

2 

3 

7J/2 

163 
176 
227 
262 

49500 
53500 
72000 
80000 

3-0 

38* 

B 

C 
D 
D 

~~B"~ 
C 

D 
D 

| 

1  4 

308 
335 
394 
440 
485 

10000 
10800 
12800 
14200 
15700 

8-S 
96" 

B 
C 
D 
D 

3 

,?* 

147 
176 
204 
259 

66500 
80000 
93000 
117000 

3J/2-0 
44" 

H 

1  4 

1H 

244 
294 
325 
358 
410 

12500 
15000 
16600 
18300 
21000 

9-S 
108" 

B 
C 
D 
D 

fc 

15 

150 
165 
193 

230 

98000 
108000 
128000 
150000 

4-0 
50" 

B 
C 
D 
D 

i  4 

IK 

248 
290 
320 
366 

18200 
21300 
23500 
26800 

2-OT 
26"  Twin 

B 
C 

H 
H 

450 
514 

9400 
10700 

2}^-OT 
32"  Twin 

B 
C 

H 
% 

393 
450 

15300 
17500 

4H-0 
56" 

B 

C 
D 
D 

!« 

210 

236 
250 
298 
328 

21800 
24500 
27000 
30900 
34000 

3-OT 
38"  Twin 

B 

295 
337 

19200 
21800 

3M-OT 
44"Twin 

B 

,H 

257 
283 

26200 
28800 

5-0 

62" 

B 
C 
C 
C 
D 
D 

!« 

175 
201 
222 
254 
280 
321 

24600 
28200 
31200 
35700 
39300 
45100 

4-OT 
50"  Twin 

B 
C 

1 
1H 

234 
270 

34600 
40000 

Recommended  Air  Changes 

Air  Chance  in 

B— Very  Quiet  (Homes,  Theaters,  Hospitals,  etc). 
C— Quiet    (Stores,    Offices,    Restaurants,    Barber 

Shops,  etc.). 
D — Industrial    (Laundries,    Factories,    Canneries, 

Bakeries,  Pressing  Clubs,  Garages,  etc,)- 


Dimensions  in  Inches 


Fan 
Size 


2-0 


6-S 
7-S 
8-S 
9-S 


67 


Fan 
Size 


2-OT 


3H-OT 
4-OT 


D 
Approx. 


13 
13 
14 
17 
19 


D 
Approx. 


Type  Building 

Air  Change  in 
Minutes  for 

Cooling 

Ventilating 

Bakeries,  Boiler  Rooms, 
Canneries,  Pressing  Clubs, 
Laundries,  Restaurants, 
Kitchens  Etc. 

J4-1 

2-5 

Barber  Shops,  Beauty  Par- 
lors, Billiard  Rooms,  Bowling 
Alleys,  Garages,  Factories, 
Restaurants,  Stores,  Etc  

H-itf 

3-6 

Auditoriums,  Churches,  Club 
Rooms,  Schools,  Theaters, 
Etc. 

H-1K* 

4-8** 

Homes,  Apartments,  Hotels, 
Hospitals,  Offices.  Banks, 
Undertaking  Establishments, 
Etc  

K-2 

4-8 

13 
13 
14 
17, 
19 
20 
20 
28 
34 
38 
38 


*& 

8* 


*When   based   on  seating  capacity,  allow 
150-200  cfm  per  person. 
"^Minimum  on  basis  of  seating  capacity  is 
35  cfm  per  person. 

COOLAIR  DIRECT  DRIVE  FANS 


Manufactured  in 
four  sizes  from  16  to 
24  in.  in  diameter. 
Positively  quiet  at 
1200  rpm,  not  ex- 
cessively noisy  at 
1800  rpm.  Unique 
noise-reducing  de- 
sign of  blade  is  cov- 
ered by  U.  S.  Patent 
No.  1855660. 


Coolair  Direct  Drive  Fan 
16-24  in. 


WRITE  FOR  FREE  ILLUSTRATED  COOLAIR  CATALOG 
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Buffalo  Forge  Company 

450  Broadway,  Buffalo,  N.  Y. 


Branch  Offices 


ALBANY,  N.  Y 1305  Standard  Bldg. 

ATLANTA,  GA 305  Techwood  Drive 

BALTIMORE,  MD 508  St.  Paul  St. 

BOSTON,  MASS.,  Melrose  Sta 486  Main  St. 

CHICAGO,  ILL 20  North  Wacker  Drive 

CINCINNATI,  OHIO 626  Broadway 

CLEVELAND,  OHIO 418  Rockefeller  Bldg. 

DALLAS,  TEXAS 1801  Tower  Petroleum  Bldg. 

DAVENPORT,  IOWA— D.  C.  Murphy  Co.,  305  Security  Bldg. 
DENVER,  CoLo.—Hondrie  &  Bolthoff  Mfg.  &  Supply  Co., 

1635  Seventeenth  St. 

DCS  MOINES,  IOWA— D.  C.  Murphy  Co.,  214  Old  Colony  Bldg. 
DETROIT,  MICH.— Coon  DoVisacr  Co., 

2051  W.  Lafayette  Blvd. 

GREENVILLE,  S.  C 21  Blue  Bldg. 

HOUSTON,  TEXAS 505  Rusk  Bldg. 

KANSAS  CITY,  Mo 424  Dwight  Bldg. 

KITCHENER,  ONT.,  CANADA— 

Canadian  Blower  &  Forge  Co.,  Ltd. 


KNOXVILLE,  TENN.— C.  F.  Secton 702  Empire  Bldg. 

Los  ANGELES,  CALIF 708  Pershing  Square  Bldg. 

MIAMI,  FLA.— Southern  Air  Conditioning  Corp., 

149  N.  E.  20th  Terrace 

MINNEAPOLIS,  MINN 2102  Foshay  Tower 

NASHVILLE,  TENN.-Southern  Sales  Co.,  117  Fifth  Ave.,  North 

NEWARK 27  Washington  St.,  Room  203 

NEW  ORLEANS,  LA.— Devlin  Bros 1003  Maritime  Bldg. 

NEW  YORK,  N.  Y. 39  Cortlandt  Bldg.,  Room  1110 

PHILADELPHIA,  PA 703  Cunard  Bldg. 

PITTSBURGH,  PA 431  Fulton  Bldg. 

RICHMOND,  VA..— Williamson  &  Wilmer,  Inc.,  Mutual  Bldg. 
SAN  FRANCISCO,  CALIF.— Moore  Machinery  Co., 

1699  Van  Ness  Ave. 

ST.  Louis,  Mo 1598  Arcade  Bldg. 

SEATTLE,  WASH 500  First  Ave.,  South 

TOLEDO,  OHIO 1922  Linwood  Ave. 

WASHINGTON,  D.  C.— 640  Woodward  Bldg., 

15th  and  H  Sts.,  N.  W. 


PRODUCTS:  Heating  and  Ventilating  Equipment  including:  Unit  Heaters, 
Multiblade  Fans,  Pipe  Coil  Heaters,  Buffalo  Air  Washers,  Buffalo  Unit  Air 
Washers,  Buffalo  Unit  Coolers,  Drying  Equipment,  Mechanical  Draft  Fans,  Air 
Pre heaters,  Exhaust  Fans,  Blowers,  Dust  Collectors,  Disc  Fans,  Spray  Nozzles. 


Buffalo  Limit  Load  Fans 

These  fans  are 
proving  in- 
creasingly 
popular  in  the 
industrial  field 
because  of:  1. 
High  efficien- 
cy. 2.  Durable 
construction. 
3.  Non-over- 
loading char- 
acteristic which  means  that  no  matter  how 
much  the  fan  load  varies  the  motor  will 
not  overload  and  burn  out.  Fans  are 
available  with  Buffalo  Silent  Floating 
Bases  assuring  extremely  quiet  operation. 

Breezo  Ventilating  Fans 
Use  these  efficient  inexpensive  fans  wher- 
ever they  may  be  installed  to  exhaust  into 
the  open  air.    Sizes  from  8  in.  to  36  in.  in 
diameter.   Prompt  shipments  from  stock. 

Buf-flow  Axial  Flow  Fans 
The  design  of  this 
high  pressure  "Buf- 
flow  "  fan — with 
special  directional 
guide    vanes — pro- 
pels the  air  stream 
in  a  true  axial  direc- 
tion.     No    wasted 
energy  —  hence 
greater  efficiency 
and  marked  power  savings.    What's  more, 
this  fan  cannot  overload  and  burn  out 
motor. 

Fans  for  Every  Ventilating  Need 
For  over  60  years  we  have  specialized  in 
designing  and  building  fans  for  every  con- 
ceivable use.    Write  for  our  fan  catalogs. 


Buffalo  Comfort  Conditioning 
Cabinets 

Available 
for  simple 
cooling,  for 
complete 
a  ir-  con  - 
ditioning 
including 
winter 
h  e  a  t  i  n  sr 
Neat,  com- 
pact units  that  are  easy  to  install  and  easy 
to  service.  Cooling  capacities — 3  tons  up. 


Buffalo  Air  Washers 

For  air  washers  whose  design  and  perfor- 
mance has  stood  the  test  of  time  it  will  pay 
you  to  specify  "Buffalo."  Bulletin  3142-A 
gives  you  complete  details. 


Buffalo  Unit  Heaters 

Buffalo  Unit 
Heaters  are 
built  in  a  wide 
range  of  sizes 
and  types  for 
the  efficient 
and  econom- 
ical handling 
of  any  heating 
problem.  Oper- 
ate with  either 
low  or  high 
pressuresteam. 


Breezo-Fin  Steam  Unit 


903 


Air  System  Equipment  •  Fans  and  a/owe, 


Champion  Blower  &  Forge  Co. 

Manufacturers  and  Engineers 
Plant  and  Offices:     Lancaster,  Pa. 

Address  Correspondence  to  Div,  9 

Manufacturers  of  Blowers,  Ventilating  Fans  and  Exhaust 
Fans  for  Air  and  Material;  and  Blast  Gates 

Representatives  in  Principal  Cities 


Type  S  Forward  curve  ventilating 

fans,  single  and  double  width,  as 

well  as  direct  motor  drive. 


Super  Ventilating  fans, 
direct  motor  drive  up  to 
36  in.  diameter.  Motor 
belt  drive  up  to  48  in.  size. 


Type  EC  Backward  curve  venti- 
lating and  exhaust  fans,  single  and 
double  width;  belt  driven  and  direct 
connected  electric. 


Ventilating  Fans — For  air  conditioning  systems 
and  mechanical  draft.  Manufactured  in  the  forward 
curved  type  for  slow  speed,  and  extremely  quiet 
operation;  also  in  the  backward  curved  type  with  its 
flat  horsepower  curve  characteristics  and  higher  speeds 
suitable  in  the  smaller  sizes  for  direct  connecting  to 
synchronous  speed  motors.  Ventilating  Blowers  manu- 
factured in  sizes  up  to  60  in.  diameter  wheel,  in  single 
and  double  width.  Belt  driven  blowers  equipped  with 
either  ball  or  high-grade  babbit  bearing,  Direct  motor 
drive  can  be  equipped  with  any  type  or  characteristic 
motor  desired,  in  any  arrangement. 

Disc  Fans — Super  Ventilating  Fans  made  in  direct 
connected  type  up  to  36  in.  diameter,  totally  enclosed, 
ball  thrust  type  motors.  Slow  speed  motor  belt  driven 
type  manufactured  in  sizes  up  to  48  in.  for  attic  exhaust 
work  and  wherever  large  volumes  of  air  are  to  be 
moved  against  low  static  pressures.  All  disc  fans  are 
quiet  in  operation.  Decibel  ratings  on  all  fans  are 
available. 


Forced  Draft  Fans-rAll  sizes  for  use  on  the  smallest 
to  largest  boilers.  Fans  can  be  furnished  with  inlet  or 
outlet  adjustable  louvers  for  controlling  air  volume. 


Blast  Wheels — We  are  well  equipped  to  manufacture 
single  and  double  width  blast  wheels  in  forward  or 
backward  curve  type  for  oil  burner  and  stoker  manu- 
facturers, as  well  as  manufacturers  of  air  conditioning 
units  and  other  ventilating  equipment. 


Vibration  Dampener  Sub-Bases — For  blower  and 
ventilating  equipment.  Made  with  heavy  channel  iron 
and  rubber  vibration  eliminator  pads  to  suit  size  and 
weight  of  fan  or  blower. 


Special  Fan  Equipment — We  are  in  position  to 
engineer  and  build  fans,  blowers,  or  exhausting  equip- 
ment to  meet  customers'  special  needs.  A  card  ad- 
dressed to  Div.  9  will  bring  you  complete  catalog  data 
or  information  on  any  particular  problem  confronting 
you. 
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DeBothezat  Ventilating  Equipment  Division 

American  Machine  and  Metals,  Inc. 

(Main  Office  and  Factory} 

901  DeBothezat  St.,  East  Moline,  Illinois 


Branches 

ATLANTA 

BOSTON 

CINCINNATI 

CLEVELAND 

DALLAS 

DES  MOINES 

DETROIT 

FORT  WAYNE 

HARTFORD 


Chicago 


District  Offices 

New  York 


PRESSURE    fflnS 


Branches 

San  Francisco    INDIANAPOLIS 

Los  ANGELES 

MILWAUKEE 
MINNEAPOLIS 
NEW  ORLEANS 
PITTSBURGH 
PROVIDENCE 


SAGINAW 
ST.  Louis 


NON- OVERLOADING  POWER  CHARACTERISTICS 
CERTIFIED  RATINGS—GUARANTEED  PERFORMANCE 

Axial  Flow  Ventilating  Sets 

A  complete  series  of  volume  and  pressure  axial-flow  fans 
of  high  mechanical  and  static  efficiencies  with  a  non- 
overloading  power  characteristic.  These  fans  offer  savings 
in  space,  weight  and  power.  Axial-Flow  Ventilating  Sets 
are  available  in  a  wide  range  of  capacities  in  sizes  8  in. 
through  10  ft  in  diameter,  and  may  be  had  arranged  for 
direct  motor  drive  or  belt  drive. 

Bif  urea  tors 

Designed  for  handling  corrosive  or  high  tempera- 
ture vapors  with  direct  motor  driven  fan.  Motor  is 
located  in  chamber  open  to  atmosphere  but  isolated 
from  gases  handled  by  fan.  Installed  as  integral  part 
of  duct  system,  in  any  position. 


Ventilating  Pan 
Axial  Flow 


Bifurcator 


"Power-Flow11    Ventilators   are    aero- 

dynamically  correct   in  design.     Note 

trim  appearance — low  height. 


Multi-Stage  Impeller  Blowers 

Units  can  be  furnished  in  2,  4,  6  or  8  stages. 
Direct  motor  or  belt  driven,  producing  high  capa- 
cities and  static  pressures,  with  non-overloading 
power  characteristics. 

"Power-Flow"  Roof  Ventilators 

Designed  to  provide  positive  ventilation  at  all 
times  regardless  of  temperature,  humidity  and 
wind  velocity.  Guaranteed  performance  ratings. 
Equipped  with  high-efficiency  Axial-Flow  Pressure 
Fan,  these  Power-Flow  Roof  Ventilators  possess 
the  greatest  air  moving  capacity  per  horse  power! 
Low  fan  tip  speeds  permit  unusual  quietness  of 
operation.  Work  efficiently  against  resistance  of 
duct  systems.  Have  non-overloading  power  char- 
acteristic available  in  a  wide  range  of  sizes, 
speeds,  and  for  all  standard  electric  current. 

The  above  is  only  a  partial  list  of  the  ven- 
tilating units  DeBothezat  builds.  Our  engi- 
neers will  be  glad  to  give  you  expert  assistance 
in  your  ventilating  problems — offering  you  a 
solution  in  space,  weight  and  power  saving 
equipment.  Catalog  on  all  products  sent  on 
request. 
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ILG  Electric  Ventilating  Company 

Propeller  Fans,  Blowers,  Unit  Heaters, 
Air  Conditioning  Equipment 

2880  North  Crawford  Avenue,  Chicago,  111. 

Offices  in  Forty-three  Principal  Cities 


ILG 


ILG  PROPELLER  FANS  WITH  SELF-COOLED 
MIRACLE  MOTOR  THAT  "BREATHES" 

Universally  used  for  removal  of  stale  air,  fumes,  heat, 
odors,  etc.  Rugged,  heavy-duty  framework  stands  up 
under  years  of  continuous  service.  Accurate,  electrically 
tested  balancing  of  fan  wheel  assures  quiet  operation 
and  smooth,  effortless  running,  minimizing  vibration 
and  bearing  wear,  reducing  maintenance  and  operating 
costs  and  increasing  life  of  each  unit.  Direct  connection 
of  motor  and  fan  avoids  wasteful  friction  losses.  Self- 
cooled  motor  combines  protection  of  enclosed  motor 
with  low  operating  cost  of  open  motor — constantly 
cooled  by  fresh,  clean  air,  circulated  internally — never 
"gums-up"  from  contact  with  foul  air — saves  5  to 
10  per  cent  on  power  costs.  Every  part  of  ILG  units  is 
designed,  built  and  guaranteed  by  ILG,  making  pos- 
"  •  •  :  famous  "ONE-NAME-PLATE"  Guarantee. 


sible  the 

Sizes,   9J^   to   72   in. 

Catalog  F-482. 


Certified  ratings.     Write  for 


OTHER  ILG  PRODUCTS 

Ilg  Type  "B"  Universal  Blowers — Combine  compactness,  quiet- 
ness and  efficiency.  Motor  is  recessed  in  side  of  blower,  eliminating 
separate  base.  Multiblade  wheel  is  direct  connected  to  motor  shaft. 
No  inlet  bearing.  Available  also  for  belt  drive.  Capacities  1750  cfm 
to  70,000  cfm,  single  and  double  width.  Catalog  EB-381. 

Ilg  Type  "B"  Volume  Blowers— A  new  design 
in  small  volume,  low  pressure  blowers.  Light 
weight,  quiet  running.  Dynamically  balanced  multi- 
blade  wheel  is  direct  connected  to  motor  shaft. 
Motor  and  steel  housing  are  supported  by  cast-iron 
base.  Universal  discharge.  Available  in  12  capaci- 
ties, 180  cfm  to  2100  cfm. 

HgType  "BC"  Universal  Blower— Motor  load 
remains  constant  over  unusually  large  variation  in 
air  volume  and  static  pressure.  Type  "BC"  comes 
in  direct  connected  drive  (left)-  also  belted  drive 
with  ball  bearings  (right).  Blower  wheel  has  back- 
ward curved  blades  riveted  to  side  and  back  plates. 
Universal  discharge.  Available  in  11  sizes. 

Ilg  Unit  Heaters — Copper  tube  and  fin  con- 
struction and  enclosed  self-cooled  motor.  Ilg-built 
throughout.  For  steam  or  hot  water.  Tested  with 
500  Ib  hydrostatic  pressure.  Available  in  26  capa- 
cities; also,  Ilg  self-contained  gas  or  electric  unit 
heaters  for  use  where  neither  steam  nor  hot  water  is 
available.  Catalog  128. 

Ilg   Cooling   and  Air- Conditioning   Units — 

Ceiling  type  units  used  singly  or  in  multiple  with 
remotely  located  refrigerating  machine  circulating 
direct  expansion  "Freon"  or  methyl  chloride;  or 
with  cold  water.  For  cooling,  dehumidifying  and 
recirculating.  Also,  combination  units  for  both 
cooling  and  heating.  Write  for  catalog. 
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The  Lau  Blower  Company 

2007  Home  Avenue,  Dayton,  Ohio 

Manufacturers  of  Package  Unit  Furnace  Blowers,  Blower  Wheels,  Housings, 
Pulleys,  Pillow  Blocks,  Complete  Assemblies,  Window  Fans  and  Attic  Fans 

Self- Aligning  Pillow  Blocks 

Hold-down  bolts  cannot  affect  the  freedom  of  the  bearing. 
Oil  tight  steel  housing;  reservoir  holds  twice  as  much  oil  as 
cast  iron  housings;  Durex  bushing  feeds  oil  to  the  shaft  by 
capillary  action  and  maintains  a  constant  oil  film  even 
when  shaft  is  not  rotating.    Spherical  surface  of  bearing 
conforms   to   contour  of  housing,   providing  a 
universal  joint  action.     (Left}. 


100  Series  Assembly 

A  complete  blower  assembly  for  manu- 
facturers who  fabricate  their  own  casings 
(also  available  with  top  motor  mounting). 
Variable  speed  drive;  automatic  belt- 
tightening  device;  automatic  cut-out  on 
motor;  23  sizes.  (Right). 


Blower  Wheels  and  Housings 

Squirrel  cage,  forward  curve,  multi-blade 
type  wheels.  Double  inlet,  double  width 
(or  single  inlet,  single  width).  Dynami- 
cally balanced;  sizes  4K-in.  to  30-in. 
Blower  housings  available  in  10  standard 
sizes — special  sizes  on  request.  (Left). 

700  Series  Package  Unit  Blower 

Steps-up  efficiency  of  coal,  gas  and  oil-fired  furnaces.  Complete  with  filters,  blower 
cabinet,  variable  speed  drive,  blower  and  full  size  access  doors  on  both  sides.  Motor  and 
drive  assembly  are  reversible .  . .  may  be  placed  on  the  most  convenient  side — on  the  job. 

Twenty-six  sizes  and  types;  knock-down  construction. 

(Not  illustrated). 

Blo-Ette  Package  Unit 

A  blower  that  will  remedy  the 
many  thousands  of  existing 
unsatisfactory  gravity  jobs  at 
a  price  so  low  that  it  is  well 
within  the  reach  of  everyone. 
Top  motor  mounting;  auto- 
matic cut-out  on  motor;  leak- 
proof  filter  frames;  16  x  25-in. 
filters;  high  speed — low  pres- 
sure; large  size  access  door. 
Four  sizes.  (Illustrated  at 
left). 

907 


Air  System  Equipment  •  F*™  and  Blowers 


Akron,  O. 

Minneapolis,  Minn. 

Albany,  N.  Y. 

Montreal,  P.  Q. 

Atlanta,  Ga. 
Baltimore,  Md. 

B.  F.  Sturtevant  Co. 

Newark,  N.  J. 
New  York,  N.  Y. 

Boston,  Mass. 

Phoenix,  Ariz. 

Buffalo,  N.  Y. 

Pittsburgh,  Pa. 

Camden,  N.  J. 
Chicago,  111. 

Hyde  Park,  Boston,  Mass. 

Portland,  Ore. 
Richmond,  Va. 

Cincinnati,  O. 

St.  Louis,  Mo. 

Cleveland,  0. 
Columbus,  O. 
Denver,  Colo. 
Des  Moines,  la. 

Sturtevant 

Salt  Lake  City,  U. 
San  Francisco,  Cal 
Seattle,  Wash. 
Spokane,  Wash. 

Detroit,  Mich. 

t,^^^                            BBG.  V.  B.  PAT.  Prf.                                                            -^^ 

Springfield,  Mass. 

El  Paso,  Tex. 

°"—^^~^         9               ~"~     yjTja—  —  "y"L  ~^9  4  Jf                  J 

Syracuse,  N.  Y. 

Greensboro,  N.  C. 

~f^  J    VfX^           Sg9*       *   f^     JfJEJf^JrP 

Toledo,  O. 

Hartford,  Conn. 

_  £"^^j?f  rjf£f&    ~fj7  £/mfsfs£0^^ 

Toronto,  Ont. 

Indianapolis,  Ind. 

72j££^W    ^S^W^&   *Ar      tr^^-^  .-mm. 

Washington,  D,  C. 

Jacksonville,  Fla. 

J   f/1/*r%J    J 

Kansas  City,  Mo. 
Little  Rock,  Ark. 

A.M.Lockett&Co. 

Los  Angeles,  Cal. 

PLANTS  LOCATED  IN 

New  Orleans,  La. 

Mansfield,  O. 

Houston,  Texas 

Memphis,  Tenn. 

CAMDEN,  N.  J.         HYDE  PARK,  MASS.    FRAMINGHAM,  MASS. 

Dallas,  Texas 

Milwaukee,  Wis. 

STURTEVANT,  Wis.    GALT,  ONT.               BERKELEY,  CALIF. 

Galveston,  Texas 

The  Cooling  and  Air  Conditioning  Division  of  B.  F.  Sturtevant  Company 

HYDE  PARK  BOSTON,  MASS. 

ATLANTA  CAMDEN  CLEVELAND  GREENSBORO  Los  ANGELES  NEW  YORK 


DATA  ON  HEATING,  VENTILATING, 

AIR  CONDITIONING  AND  VACUUM 

CLEANING  EQUIPMENT  FOR 

ARCHITECTS,  ENGINEERS, 

CONTRACTORS 

The  Publications  listed  below,  and  on  the 
following  page,  haye  been  prepared  to  aid 
the  architect,  engineer  and  contractor  in 
the  selection  of  proper  equipment  for  in- 
dustrial, public,  and  private  buildings  of 
all  types  and  sizes.  We  will  gladly  send 
copies  upon  request. 

AIR  WASHER 


Built  in  several  types 
to  meet  varying  require- 
ments in  cleaning,  cool- 
ing, dehumidifying  and 
humidifying  air. 
Catalog  No.  295. 


FILTERWASHER 

Airwasher  employing  filter 
pads  in  conjunction  with 
water  sprays.  Humidifies 
and  cleans  air,  removing 
all  dust  and  dirt  down  to 
micronic  fineness. 
Catalog  No.  453. 


COOPERATION 

Sturtevant  Engineers,  located  at  each  of 
the  offices  listed,  are  always  ready  to  co- 
operate with  architects,  engineers  and  con- 
tractors in  the  selection  of  equipment 
suitable  for  any  prospective  installation. 

SUSPENDED  SPEED  HEATERS 


Propeller  fan  type,  for  wall 

or  ceiling  installation.    Fin 

type  heating  element.    For 

steam  pressures  up  to  200 

Ibs,  capacities  up  to  300,000 

Btu. 

Catalog  No.  396. 


DOWNBLAST  SPEED  HEATER 

High  Velocity  unit  heater 
for  high  ceiling  instal- 
lation. Fin  type  heating 
element.  Steam  Pressures 
up  to  200  Ibs.  Capacities 
up  to  400,000  Btu. 
Catalog  No.  454. 

MULTIVANE  SPEED  HEATERS 


Centrifugal  fan  type  for 
floor,  wall,  or  ceiling  in- 
stallation.  Fin  type  heat- 
ing  element.  For  steam 
pressures  up  to  200  Ibs, 
capacities  up  to  2,010,000 
Btu.  Catalog  No.  452. 
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SILENTVANE  FAN 

Backwardly  curved  blade 
type,  A  ventilating  fan  to 
meet  the  most  exacting  speci- 
fications, where  very  high 
efficiency  and  exceptionally 
low  power  consumption  are 
required.  Catalog  No.  451. 


MULTIVANE  FAN 

Forwardly  curved  blade  type. 
A  highly  efficient  centrifugal 
ventilating  fan  of  sturdy  con- 
struction to  meet  the  general 
run  of  ventilating  require- 
ments. Catalog  No.  271. 


REXVANE  FAN 

The  modern  paddle  wheel. 
Correct  inlet  blade  curvature 
and  stream  line  shrouding 
retain  all  good  features  of  the 
old  paddle  wheel  and  greatly 
increase  capacity. 
Catalog  No.  414. 


VOLUME  FANS—CONVERTIBLE 

Silentvane,  Multivaneand 
Rexvane  fans  shown  above 
can  all  be  furnished  with 
convertible  and  reversible 
housings,  permitting  quick 
conversion  to  any  hori- 
zontal or  vertical  dis- 
charge. 


REXVANE  VENTILATING  SET 

Direct  connected ;  motor 
driven.  For  use  with 
ducts,  in  ventilating 
small  rooms,  laboratory 
hoods  and,  in  general, 
any  room  up  to  10,000 
cu  ft  contents. 
Catalog  No.  406. 


PRESSURE  BLOWER 


A  small,  compact  forced 
draft  fan,  with  direct  con- 
nected electric  motor,  for 
coal  burning  heaters  in 
schools  and  other  build- 
ings. Catalog  No.  297. 


PRESSURE  FANS 

Designed  to  operate 
against  resistance  of  wind, 
ducts,  etc.,  this  rugged 
axial  flow  fan  combines 
economical  operation  cost 
with  high  mechanical  effi- 
ciency. Catalog  No.  444. 


MECHANICAL  DRAFT  FANS 


Forced  and  induced  draft 
fans  to  meet  any  need. 
Can  be  furnished  with 
Sturtevant  reduction 
gears  and  steam  turbine, 
motor  or  engine  drive. 


Catalogs  No.  409,  445,  447,  448. 


PROPELLER  FANS 


Built  in  fan  sizes  from  12  up 
to  45  in.  Electric  motors 
are  available  for  both  alter- 
nating and  direct  current, 
in  wide  variety  of  voltages. 
Catalog  No.  400. 


UNIT  VENTILATOR 

A  combined  steam  heat- 
ing and  ventilating  unit 
widely  used  in  schools 
and  other  places.  Finish- 
ed in  duco  of  any  stand- 
ard color.  Stainless  steel 
trim.  Catalog  No.  377. 

VACUUM  CLEANERS 

Sturtevant  Vacuum  Clean- 
ers are  made  in  both  port- 
able and  stationary  Central 
System    types    and    in    a 
variety    of    sizes    to    meet 
every  school  building  need. 
Features:     Quiet   oper- 
ating   vacuum     producers, 
high  suction  for  rapid  clean- 
ing  under  all   con- 
ditions; tools  designed 
individually  for  specific 
cleaning  operations. 
Central    Systems    in- 
clude    piping    recom- 
mendations  to   insure 
correct  operation  of  the 
system. 

Catalog  No.  413  (Portable  Cleaners). 
Catalog  No.  397  (Central  Systems). 


Central  Systems 
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GENERAL   OFFICES 
I  B  LOWE  R  II    32"^   STREET   &   SHIELDS   AVENUE     -     CHICAGO 

"•^COMPANY  J" 


FACTORIES     01     LAPORTE,     I  N  D 

Experienced  Air  Engineers 
Representatives  in  Principal  Cities 


nd      CHICAGO.     ILL, 


jrrooucls  . 


for  all  indus- 
trial processes,  ventilation  and  heating. 
Specify  them  for  every  industrial,  com- 
mercial and  institutional  requirement. 
Check  these  nine  classifications  which  give 
thumb  nail  specifications: 

•  CENTRIFUGAL  FANS  AND  BLOWERS 

Type  ME  Housed  Centrifugal  Wheels— Quiet 
Operating,  Slow  Speed  Type  and/or  High 
Speed  Wheels  with  Non-overloading  Horse- 
power Characteristics.  Range  of  Standard 
Wheel  Sizes  15  in.  to  80  in.  Wheel  Diameter. 
Sizes  15  inch  to  80  inch  Wheel  Diameter. 

•  JUNIOR  CENTRIFUGAL  BLOWERS 

Type  ME  Junior  Fans,  direct  connected  Motor 
Driven.  Range  of  Sizes  6  inch  to  12  inch  Wheel 
Diameter. 

•  DISC  TYPE  (or  PROPELLER)  PANEL  FANS 

Comet  EXHAUSTAIR  Ventilating  Fans, 
Automatic  Shutters,  Power  Roof  Ventilators, 
direct  connected  Motor  Driven.  Size  10  inch 
to  30  inch  Wheel  Diameter.  Heavy  Duty 
Type,  Pulley  Driven,  GIANT  Disc  Type  Fans, 
Regular  Sizes  36  inch  to  108  inch  Wheel 
Diameter  with  Round  Body  Frames. 

«   INDUSTRIALIST  HEATERS 

Disc  or  Propeller  Fan,  Ceiling  Suspension 
Type,  NYBCo  COMET  Unit  Heaters  with 
Molybdenum  Alloy  Corrosion-Proof  and 
Freeze-Proof,  Extra  Heavy  Welded,  Longlife 
Ferrous  Heating  Element.  Suitable  for  low  or 
high-pressure  (unlimited)  Steam  Pressures. 
Capacities  24,000  to  300,000  BTU's  per  Hour. 
Excel  AIR-FLOW  Centrifugal  Type  Factory 
Unit  Heaters.  Blower-Type  Unit  Heaters  with 
Encased  Centrifugal  Fans  with  NYBCo  Moly- 
bdenum Alloy  Welded  Steel  Heating  Element 
(either  Blow-through  or  Draw-through  Type). 
Floor  Type,  Side-wall  or  Ceiling  Suspension. 
Capacities  169,000  to  1,000,000  BTU's  per 
Hour. 

«   MECHANOVENT  UNIT  VENTILATORS 

CLASSROOM  Unit  Ventilators,  highly  refined 
in  design  and  appearance.  A  De-Luxe  Product 
in  every  sense.  Suited  for  fully  Automatic 
Temperature  and  Humidity  Regulation.  Capa- 
cities 750  CFM  to  1560  CFM  for  Classroom 
Duty. 


MECHANOVENT  UNIT  VENTILATORS 
(Continued) 

AUDITORIUM  Unit  Ventilators,  Fully 
Encased  Centrifugal  Type  Units,  with  or  with- 
out Fresh  Air  and/or  Recirculation  Damper 
Assemblies,  for  use  in  Auditoriums  or  other 
places  of  large  public  gatherings.  Capacities 
2,000  CFM  to  10,000  CFM. 

AIR  WASHERS 

A  completely  engineered  line  of  PEERLESS 
Air  Washers,  Air  Cleansing,  Air-Conditioning 
and  Cooling.  Complete  with  Single-  and 
Double-bank  Atomizing  Spray  Systems,  Marine 
Type  Doors,  Eliminators,  Entering  and  Back- 
spray  Louvres,  Water  Strainers,  Pumps  and 
Motors,  and  with  or  without  Humidity  Flood- 
ing Provisions.  Sixes  and  Capacities  ranging 
from  3,000  CFM  to  76,000  CFM. 

HOT  BLAST  HEATING  SURFACE 

NYBCo  "STEELF1N"  Longlife  High  Pres- 
sure Molybdenum  Alloy  Steel,  All  Welded, 
Extra  Heavy  Duty,  Homogeneous  Fin-and- 
Oval-Tube  Hot- Blast  Heating  Surface.  Hot- 
dip  Overall  Metallic  Coating,  Including  Head- 
ers. A  Super-quality  Product — 'proof  against 
faults  common  to  Surfaces  constructed  of  Non- 
ferrous  and  Cast  Iron  Materials.  An  Engi- 
neered Product  of  Sixes  and  Capacities  for 
Steam  Pressures  (or  Hot  Water  Equivalents) 
from  2  Ibs,  to  150  Ibs.  duty,  High  Temperature 
or  Low  Temperature  Fin  Spacings,  and  a 
Range  of  Air  Velocities  from  400  to  1000  Ft. 
per  Min. 

VENTO,  AEROFIN,  and  OTHER  HEATING 
AND  COOLING  SURFACES 

The  various  types  and  makes  of  Heat  Transfer 
or  Heat  Exchange  Surface,  as  regularly  sold 
through  the  outlets  of  manufacturers  of  Fan- 
system  Apparatus.  These  types  of  Surface  are 
•  offered  in  various  combinations  and  sizes, 
together  with  full  and  complete  engineering 
recommendations. 

MISCELLANEOUS 

Dust  and  Shavings  Exhausters  and  Material 
Conveyor  Blowers  (Centrifugal  Fans  with 
Special  Housings  and  Wheels);  Engines, 
Motors,  and  V-Belt  and  Other  Drives;  Air 
Filters — Automatic  and  Cartridge  or  Renew- 
able Types;  Control  Devices,  including  Pres- 
surestats,  Thermostats,  Humidistats;  Turbine 
Ventilators;  Gas-fired  Unit  Heaters;  Special- 
ties; and  Other  Apparatus  for  use  in  conjunc- 
tion with  Complete  Blower  vSystems.  Complete 
data  and  descriptive  matter  furnished  on 
specific  request. 


_ 

Certified  Ratings 


Write  for  Ca  talogues 

Full  Catalog  Matter,  Descriptive  Bulletins,  Per- 
formance Tables,  Engineering  Data  and  Technical 
Presentation,  Prices,  and  Complete  Information  with 
Illustrations  will  be  furnished  upon  request  of 
District  Representative  or  by  Home  Office. 
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The  Torrington  Mfg.  Co. 

50  Franklin  Street,  Torrington,  Conn. 
Manufacturers  of  Blower  Wheels  and  Propellor  Type  Fan  Blades. 


Torrington  Aluminum  Blower 
Wheels  produce  the  smooth,  quiet  per- 
formance which  is  essential  in  modern 
heating  and  air  conditioning  units  because 
the  unique  patented  construction  breaks 
up  resonance  and  minimizes  noise.  Made 
of  aluminum,  they  resist  corrosion  and 
their  light  weight  facilitates  quick  starting 
— saves  power.  Every  wheel  is  statically 
balanced. 

Bulletin  lists  34  sizes  of  single  inlet 
single  width  and  34  sizes  of  double  inlet 
double  width  wheels,  including  guaranteed 
capacities  for  each.  Also  gives  detailed 
dimensions  for  all  wheels  and  table  of 
dimensions  for  housing  scrolls.  We  do  not 
manufacture  housings. 

Sizes  3  in.  to  15  in.  diameter  in  all 
standard  widths. 

Torrington  Airotor  Blower  Wheels 

are  light,  sturdy  and  inexpensive — incor- 
porate new  principles  of  design  and  con- 
struction, which  insure  rigidity  and  con- 
centricity. Single  Width— Single  Inlet 
wheel  is  of  simple  four-piece  construction. 
No  rivets  or  welds  are  used ;  concentric 
rib  serving  as  backing  for  blade  strip  is 
formed  at  same  time  as  hub  socket,  insuring 
trueness  of  wheel.  Rigid  radial  ribs  prevent 
deflection  by  thrust.  Three  thicknesses  of 
metal  in  rims  make  for  maximum  strength. 
Manufactured  in  both  aluminum  and  steel 
in  4J^  in.,  5  in.,  6  in.  and  9  in.  sizes.  Same 
size  available  in  DA  type  double  width, 
double  inlet  wheels. 

Torrington  Airotor  Blower  Wheel — 
Double  Width— Double  Inlet,  Spider 
End  Plates  has  blades  punched  and  formed 
in  a  single  strip,  rigidly  held  by  flanged 
single  piece  end  rings.  Hubs  are  rigidly 
mounted  by  peening.  Wheels  of  3%  in., 
10}^  in.,  12  in.  and  16  in.  diameter  are 
availableat  present;  4}^  in.,  5  in,,  6  in.,  7H 
in.,  9  in.  and  20  in.  sizes  are  being  developed. 

Torrington  Gup  Type  Wheels— Used 

for  automobile  heaters,  gun  type  oil 
burners,  windshield  defrosters,  small  hair 
dryers,  hand  dryers,  ice  box  and  refrigerator 
circulators,  window  ventilators,  exhausters, 
etc.  Made  for  either  clockwise  or  counter 
clockwise  rotation,  of  steel,  in  the  fol- 
lowing sizes:  3  in,  to  9  in.  inclusive. 


Single  Inlet  Aluminum  Blower JVheel 


Airotor  Blower  Wheel— Single  Width— Single  Met 
Patents  Pending 


Airotor  Blower  Wheel— Double  Width— Double  Inlet 
Spider  End  Plates— Patents  Pending 


Cup  Type  Blower  Wheel.  Pats.  1,518,76$;  1,648,060 
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AIRISTOGRAT  "A"  Series  Attic  Fan 
Blades  are  the  result  of  extensive  study 
and  experiment  to  produce  blades  having 
extraordinary  efficiency,  to  sell  at  lower 
than  average  prices.  LOW  COST  is  pos- 
sible because  tools  are  interchangeable  for 
production  of  either  2,  3  or  4  blade  models 
in  any  diameters  from  24  in.  to  48  in. 
inclusive  (sizes  24  in.,  30  in.,  36  in.,  42  in. 
and  48  in.  are  standard).  Construction 
approved  only  after  severe  breakdown 
tests.  The  extremely  high  EFFICIENCY 
is  attained  by  the  application  of  correct 
principles  of  design.  Blades,  spiders  and 
hubs  are  of  steel.  Available  in  the  follow- 
ing finishes:  1.  Plain.  2.  Aluminum  lac- 
quered blades,  black  lacquered  spider  and 
hub.  3.  All  one  color  lacquer.  Bulletin 
gives  detailed  dimensions  and  specifica- 
tions; also  performance  data. 


3-Blade  "One-Piece"  Series  Pro- 
pellor  Fan — An  attractive,  inexpensive 
one-piece  blade  incorporating  the  Airisto- 
crat  features  for  quiet  operation.  Avail- 
able in  both  steel  and  aluminum,  Sizes  8 
in.  and  10  in.  diameters. 


4-Blade  "One-Piece"  Series  Pro- 
pellor  Fan — An  exceptionally  rigid  model 
blanked  from  one  piece  of  metal  with  four 
wide  blades.  Quieter  than  narrow  blade 
types.  Made  in  both  steel  and  aluminum. 
Clockwise  rotation  only  (viewing  air  de- 
livery side).  Sizes  8  in.,  9  in.,  10  in.  and 
12  in.  diameters.  Available  in  the  follow- 
ing finishes:  1.  Plain.  2.  Lacquered.  3. 
Nickel  or  cadmium  plated  (steel  only). 


AUTOCRAT  Fan  Blades— For 

auto  heaters,  windshield  defrosters,  etc. 
Have  been  standard  ever  since  these 
devices  were  first  marketed.  Made^n 
sizes  3  in.,  4  in.,  4J^  in.,  5  in.,  5K  in., 
5H  in.,  6  in.,  6J^  in.,  all  four  blades,  also 
7  in.  5-blade,  in  one  piece  of  cold  rolled 
steel  or  aluminum  with  brass  hubs,  com- 
plete with  set  screw.  J4  in.  bore  is  stan- 
dard. Either  clockwise  or  counter  clock- 
wise rotation  (expressed  when  looking  at 
air  delivery  side  of  fan).  White  nickel  is 
standard  finish  for  steel  blades.  Bulletin 
gives  complete  specifications  and  ratings. 


4-Blade  Airistocrat  Aitic  Fan  "A"  Series 
(also  made  in  %  and  3  blade  models) 


Airistocrat 
S-Blade  "One  Piece"  Series 


4-Blade  "One  Piece"  Aristocrat  Fan 


Autocrat  Fan  Blade 
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Fans  and  Blowers 
Heaters,  Coolers 


Utility  Fan  Corporation 

4851  S.  Alameda  St.,  Los  Angeles,  Calif. 

Utility  Gas-Fired  Heating  Equipment,  Evaporative  Coolers,  Blowers  and  Fans 


FORCED  AIR  FURNACES 


Basement  and 
closet  types  .  .  . 
Compact  design  . . . 
Multiple-fin  ele- 
ment with  air-cool- 
ed hollow  baffle  .  .  . 
Element  guaran- 
teed against  burn- 
out forever  .  .  . 
Automatic  controls 
. . .  Filters  . . .  Built- 
in  motor  overload 
protection  .  .  . 
Dynamically  bal- 
anced blowers  .  .  . 
full-floating  blower 
and  motor. 


FLOOR  FURNACES 

All-welded  con- 
struction ,  ,  .  Die- 
stamped  grilles  .  .  . 
heavy  cast-iron 
burner  ...  re- 
movable inside 
jacket  .  .  .  inter- 
locking gas  valve. 
Floor  or  dual  regis- 
ters, 25,000,  37,- 
000  and  50,000  Btu 
input. 


CIRCULATING  HEATERS 

Fan  sends  stream  of 
air  through  nozzle- 
shaped  outlet  to 
hold  warm  air  in 
living  zone.  Built 
of  heavy  furniture 
steel  ...  all  die- 
formed  and  electric 
welded.  Vented 
and  unvented 
models. 


EVAPORATIVE  COOLERS 

Comfort  cooling — 
residential,  com- 
mercial, industrial. 
Exlcusive  feature — • 
Uni-flow  meter 
(Pat.  Pend.)  for 
uniform  water  dis- 
tribution. Patented 
No-Sag  cooling 
pads.  14  Models. 


BLOWERS 


Complete  line.  Dy- 
namically balanced, 
multiple-vane  cen- 
trifugal blowers — 
standard  and  heavy 
duty.  Wheel  dia- 
meters 6  to  66  in.; 
widths  6  to  66  in. 


EXHAUSTERS 


High  flow  and  high 
pressure  designs  in 
four  drive  arrange- 
ments, for  exhaust- 
ing many  materials. 
High  efficiency  .  .  . 
decreased  sound. 
Available  with  acid- 
proof  plastic  sur- 
facing. 


PROPELLER  FANS 


Airplane  propeller 
type  for  high  ef- 
ficiency, economy 
and  maximum  air 
delivery.  2,  4  and 
8  blade  models — 
12  in.  to  30  in.  dia- 
meter; 300  to  250,- 
000  cfm. 


Utility  Blowers  are  tested  in  accordance  with  the  A.S.H.V.E.  Code. 

Write  for  complete  information,  catalogs  and  prices. 
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Wagner  Electric  Corporation 

6400  Plymouth  Avenue,  Saint  Louis,  Mo.,  U.  S.  A. 


Wagner  motors  are  built  in  a  wide  range 
of  mechanical  and  electrical  types  to  meet 
the  varied  requirements  of  the  air-con- 
ditioning industry.  These  motors  are  care- 


fully designed  and  skillfully  constructed  to 
make  them  quiet  in  operation  and  com- 
pletely reliable. 


WAGNER  POLYPHASE  MOTORS 


Single-Speed  Squirrel-Cage  Motors 

Normal  starting- 
torque —  normal 
starting-current  for 
driving  radial  com- 
pressors, fans  and 
blowers.  High 
starting-torque — 
low  starting-current 
for  driving  recipro- 
cating compressors, 
to  400  hp. 


2  and  3  phase; 


Multi-Speed  Squirrel-Gage  Motors 

To  use  where  sever- 
al constant  speeds 
reduce  operating 
costs.  Can  be  fur- 
nished with  normal 
starting-torque  or 
high  starting- 
torque,  with  two, 
three  or  four  speeds. 
Variable  torque 
characteristics  for 
fan  service,  constant  torque  characteristics 
for  compressor  service.  3  phase;  %  to 
125  hp. 


Fynn-Weichsel  (Synchronous)  Motors 

Wagner  Fynn-Weich- 
sel motors  are 
leading- 
power- 
factor 
motors, 
having  high  start- 
ing-torque,  low 
starting-current, 
high  pull-in  torque,  constant  speed  at  all 
loads,  and  ability  to  carry  heavy  inter- 
mittent overloads.  Especially  desirable 
where  power-factor  improvement  or  con- 
stant speed  is  required,  2  or  3  phase; 
1%  to  200  hp. 

Special  Compressor  Motors 

The  Wagner  RT 
motor  was  specially 
developed    to 
meet    the 
demand  for 
a    motor 
with  high  start- 
ig-torque  and  very 
low  starting-cur- 
rent. 2  and  3  phase;  4=0  to  150  hp. 


WAGNER  SINGLE-PHASE  MOTORS 


Repulsion-Start-Induction  Motors 

Brush-lifting  (as- 
sures quiet  oper- 
ation, long  brush 
and  commutator 
life).  For  high- 
starting-torque 
heavy-duty  appli- 
cations. Open, 
totally-enclosed,  and  drip-proof;  rigid  or 
resilient-mounted.  J^  to  15  hp. 


Split-Phase  Motors 


Long-life  switch 
and  unbreakable 
steel  frames.  Open, 
drip-proof  and 
totally-enclosed ; 
rigid  or  resilient- 
mounted.  J£o  to 


Capacitor  Motors 

Condenser-start  in- 
duction-run, y%  to  2^  hp; 
drip-proof  or  totally-en- 
closed end-plates;  rigid 
or  resilient-mounted. 
Condenser-start  con- 
denser-run, J^o  to  1  hp; 
single  or  multi-speed 

for  direct  connected  fans  and  blowers. 
Shaded-Pole  Fan  Motors 

Single-phase  induction  of 
simple  construction  re- 
quiring no  complicated 
starting  equipment, 
ideally  adapted  to  fan 
and  blower  drives  in 
which  the  fans  are 

mounted    directly   on   the   motor  shaft. 

Totally-enclosed  and  open  type,  rigid  base 

round  frame,  or  resilient  mounted,  with  or 

without 3-speed regulator. 

Jeo,  Mo,  and  M0  hp  ratings. 
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GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

SALES  OFFICES,  WAREHOUSES,  SERVICE  SHOPS  AND  DISTRIBUTORS  IN  PRINCIPAL  CITIES 

For  Code  Wire,  Conduit  Products,  Wiring  Devices,  Insulating  Materials,  etc., 
Address— APPLIANCE  AND  MERCHANDISE  DEPARTMENT,  BRIDGEPORT,  CONN. 

HEATING,  VENTILATING,  AND  AIR-CONDITIONING  MOTORS 

The  complete  line  of  motors  manufactured  by  the  General  Electric  Company  offers 
you  a  motor  with  electrical  and  mechanical  characteristics  best  adapted  to  your  com- 
pressor, fan,  or  purnp  application.  The  most  frequently  used  applications  are  listed 
below.  Complete  information  on  other  types  of  motors,  vertical,  enclosed,  etc.,  with 
various  electrical  and  mechanical  modifications,  may  be  obtained  from  our  nearest  sales 
office. 

A  complete  line  of  motors,  designed  and  tested  especially  for  quiet  operation  for  use 
in  schools,  hospitals,  commercial  buildings,  and  also  a  complete  line  of  special  sound- 
isolating  bases  for  these  motors  are  available  when  using  V-belt  drive. 


TriClad  induction  motor. 
Type  K,  polyphase 


Capacitor  fractional-horse- 
power motor.    Type  KC 


SOME  G-E  MOTORS  AND  THEIR  USES 


Application 

Speed 

Type  Winding 

Type 

Horsepower  Range 

Classification 

Fans  and  Centrifugal 
Pumps 

Constant  or 
Adjustable 

Shunt 

B&CD 

1/8-200 

Direct 
Current 

Reciprocating  Pumps 
and  Compressors 

Small  Direct  Connected 
Fans 

Compound 

B&CD 

1/8-200 

Constant 

High  Torque 
Capacitator 

KC  &  KCJ 

1/4-3 

Single 
Phase 
Alternating 
Current 

Constant 

Resistance  Split  Phase  ' 

KH 

1/40-1/3 

Reactance  Split  Phase 

KX 

1/6-1/3 

Constant  or 
3-SPeed 

Low  Torque 
Capacitor 

KC 

1/50-10 

Belted  Fans,  Centrifugal 
Pumps 

Constant  or 
Multispeed 

General  Purpose 
Capacitor 

KC 

1/4-10 

KC 

1/8-10 

Repulsion  Induction 

SCR 

1/8-10 

Squirrel  Cage 
(Low  Starting  Current) 

KorKB 

1/4-  1  000 

Polyphase 
Alternating 
Current 

KF 

7i/2-75 

Reciprocating  Pumps 
and  Compressors 

(High  Starting  Torque) 

K&KG 

Y  4-1  00 

Pumps,  Compressors, 
Fans 

Constant  or 
Adjustable 

Wound 
Rotor 

M&MB 

Vis-  1000 

Constant 

Synchronous 

TS 

25-2000 

This  Company  will  gladly  assist  in  the  solution  of  any 
electrical  problems  in  relation  to  heating  and  ventilation 
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GENERAL  ELECTRIC  COMPANY 

SCHENECTADY,  N.  Y. 

SALES  OFFICES,  WAREHOUSES,  SERVICE  SHOPS  AND  DISTRIBUTORS  IN  PRINCIPAL  CITIES 

For  Code  Wire,  Conduit  Products,  Wiring  Devices,  Insulating  Materials,  etc., 
Address— APPLIANCE  AND  MERCHANDISE  DEPARTMENT,  BRIDGEPORT,  CONN. 


CONTROL  FOR  HEATING,  VENTILATING,  AND 
AIR-CONDITIONING  MOTORS 


The  General  Electric  line  of  standard  control 
offers  manual  or  automatic  equipment  for  com- 
pressors, fans,  or  pumps  driven  by  any  type  motor 
which  you  require,  providing  full  protection  for 
your  motor,  especially  those 
listed  on  the  preceding  page. 
For  special  applications 
General  Electric  controllers 
can  be  designed  to  meet  your 
exact  requirements. 


CR  7008  provides 

these  features: — 


CR7107  controller  (cover  removed}  for  use 
with  multispeed  Squirrel  cage  motors 


CR  700S— Magnetic 

Control  for  induction 

motors,    with     cover 

removed 


(1)  Fuses  or  a  circuit  breaker  protect  against  short  circuits, 

(2)  Undervoltage  protection  prevents  unexpected  restarting  after  a  voltage  "dip,"  and 

(3)  Isothermic  overload  relays  protect  the  motor  but  prevent  unnecessary  shutdowns. 

The  following  control  equipments  are  applicable  to  all  motors  on 
the  preceding  pages: 

Full-voltage  automatic  starters  for  thermostatic  control  of  fans,  or  pumps. 
Automatic  reduced-  or  full-voltage  starters  for  synchronous  motors  driving  compressors. 
Manual  or  automatic  speed-regulating  controllers  for  wound-rotor  motors  driving  fans. 
Manual  full-voltage  starters  for  pump  motors. 
Manual  speed-regulating  switches  for  small  capacitor  motors  driving  fans. 


CR7006—full  voltage  mag- 
netic switch  for  use  with  in- 
duction motors 


Electrically  operated  valves. 


CR1061  fractional-horsepower- 
motor  starting  switch  for  wall 
mounting 


ACCESSORIES 

Thermostats. 
Float  switches. 
Pressure  switches. 


CR7764  Speed  regulating  controller  for, 
wound  rotor  motor  (cover  removed] 

Indicating  Push  buttons. 


Motors  ^and  control  of  one  manufacture  insure  perfect  operation  and  good  service, 
and  simplify  installation. 

This  Company  will  gladly  assist  in  the  solution  of  any 
electrical  problem  in  relation  to  heating  and  ventilation 
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Air  Control  Products,  Inc. 

Muskegon,  Michigan 

AIR    CONDITIONING   REGISTERS   AND    GRILLES 
ADJUSTABLE  GRAVITY  REGISTERS 

FLOOR  REGISTERS  AND  FACES 
ATTIC-LOUVERS  •  DAMPER  CONTROL  SETS 


Each  fin  may  be 
easily  adjusted, 
even  after  the 
registers  are  in- 
stalled, by  means 
of  a  special  tool 
that  is  provided. 


Air  Conditioning  Registers 

No.  10  Series  Registers  assure  uniform  air 
distribution  for  they  offer  a  combination  of 
both  vertical  and  horizontal  control  of  the  air 
stream.  Adjustable  vertical  fins  plus  adjust- 
able horizontal  louvers— immediately  behind 
the  register  face— -give  positive  air  deflection 
in  both  planes.  A  small  stop  below  the 
operating  knob  can  be  set  for  any  deflection 
from  15  degrees  upward  (for  cooling)  to  any 
desired  downward  deflection  (for  heating). 
See  illustration  below.  This  easy  adjustment 
also  makes  the  No.  10  Register  suitable  for 
Year-' Round  Air  Conditioning,  Registers  are 
regularly  supplied  in  a  tough,  moisture  re- 
sistant buff  priming  coat  and  are  equipped 
with  a  sponge  rubber  gasket  seal.  This  design 
furnished  in  baseboard  and  sidewall  types — 
also  available  as  grille  without  horizontal 
valve. 


No.  110  Series  Registers — an  attractive  low-priced  register  with 
a  single  shutter  valve  mechanism.  A  quality  register  in  every 
detail — adjustable  vertical  fins  provide  directional  flow — sponge 
rubber  gasket  eliminates  streaked  walls.  The  close  similarity  in 
appearance  to  the  No.  10  Series  makes  it  possible  to  use  both  on 
the  same  installation. 


Adjustable  Gravity  Type  Registers 

No.  20  Registers  offer  modern  styling;  ample  free  area,  for 
gravity  installations,  and  are  adjustable  for  forced  air.  A 
universal  register — efficient  for  new  gravity  installations  or 
for  converted  forced  air  installations.  Self-sealing  sponge 
rubber  gasket,  supplied  on  all  registers,  makes  an  air  tight 
seal  between  wall  and  register.  Beautiful  Metalescent  Finish 
furnished  as  standard.  Also  available  in  sidewall  types. 


FaCeS  arei  ?f  grid  type  instruction—  resulting  in  a  rigid  floor 

*  - 


Sets  for  forced  air  dampers 

Write  for  catalog  giving  complete  information  on  Air  Control's  entire  line  of  products. 
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Registers 
Grilles 


Anemostat  Corporation  of  America 

10  East  39th  Street,  New  York  City,  N.  Y. 
THE  ANEMOSTAT  HIGH  VELOCITY  AIR  DIFFUSER 


The  Anemostat  High  Velocity  Air  Diffuser 
is  a  ceiling  outlet  consisting  of  a  series  of  circu- 
lar diverging  metal  cones  opening  outward 
from  a  central  circular  neck  which  may  be 
attached  directly  to  the  main  or  branch  duct. 
The  Anemostat  assures  draftless  distri- 
bution of  air  at  any  duct  velocity.  Various 
standard  sizes  from  2  in.  to  38  in.  neck  diame- 
ter will  distribute  volumes  of  air  between 
10  cfm  and  15,000  cfm  and  will  handle  any 
velocities  between  300  fpm  and  2000  fpm. 
When  introducing  large  quantities  of  air  into 
a  room  air  motion  results.  The  series  of  cones 
which  form  the  Anemostat  discharge  the  air  in 
definite  proportions  in  all  directions  in  a  series 
of  planes.  This  diffusion  together  with  the  as- 
piration (suction)  effect  causes  prompt  hori- 
zontal equalization  of  temperature  and  hu- 
midity throughout  the  room,  and  definitely 
prevents  air  pockets  and  dissipates  the  evapo- 
ration aura  around  the  human  body. 

The  air-mixing  effect   of   the   Anemostat 

causes  the  predetermined  room  temperature  to  be  established  at  a  point  well  above  the 
breathing  level,  which  permits  the  use  of  higher  temperature  differentials.  This  results 
in  smaller  volumes  of  air  to  be  conditioned  which  in  turn  results  in  smaller  plants,  reduced 
operating  expenses  and  smaller  ducts.  The  high  velocities  which  may  be  employed 
because  of  the  draftless  diffusion,  result  in  further  reduction  of  duct  sizes  and  simplifica- 
tion of  duct  layouts. 

At  the  different  velocities  recommended  for  rooms  used  for  different  purposes  the 
increase  in  decibel  ratings  through  the  use  of  Anemostats  is  negligible. 

The  Anemo-lite  which  is  an  Anemostat  combined  with  a  built  in  lighting  unit  is  an 
ideal  solution  to  the  combined  problem  of  Air  Distribution  and  Lighting.    (See  Figure  1). 
Pendent  lighting  fixtures  may  be  hung  directly  from  the  center  cone  of  the  Anemostat 
if  desired.    (See  Figure  2). 

Particularly  suitable  for  theatres  and  auditoriums  is  the  Anemostat  combined  with  the 
indirect  lighting  unit.  (See  Figure  3),  With  this  combination  unusual  and  effective 
results  are  easily  obtained. 

Complete  technical  information  on  the  Anemostat  combined  with  lighting  fixtures  is 
available  upon  request. 


Fig.  &  Fig.  1  Fig.  8 

"No  Air  Conditioning  System  is  better  than  its  Air  Distribution' 
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The  Auer  Register  Co. 

3608  Payne  Avenue,  Cleveland,  Ohio 

Manufacturers  of  Registers  and  Grilles  for  Gravity  and  Air  Conditioning 
Systems;  Wrought  Metal  Grilles  for  Concealing  and  Protecting  Radiation 

AIR  CONDITIONING  REGISTERS  AND  GRILLES 

The  Auer  line  of  registers  and  grilles  for 
heating  and  air  conditioning  systems  is 
modern  and  complete,  offering  a  wide 
choice  of  styles  for  every  purpose.  Only 
a  few  representative  models  are  shown  on 
this  page, 

Airo-Flex  "4000"  Registers  have  vertical 
grille  bars  adjustable  with  tool,  as  shown, 
for  combination  or  single  current,  straight, 
right  or  left.  For  up-and-down  flow, 
Multi-louvre  Back  Blades,  operated  by 
lever,  direct  current  at  desired  angle  up, 
straight,  or  as  much  as  22-^  deg.  down. 

Airo-Flex  '7000"  Registers  have  hori- 
zontal grille  bars  adjustable  in  same  man- 
ner as  "4000"  and  are  equipped  with  single 
blade  louvre,  A  high  quality  economy 
register. 

Pin-Flex  Registers  and  Grilles  are  made 
with  either  vertical  or  horizontal  fins  which 
are  easily  adjusted  at  time  of  installation 
for  single  or  multiple  air  current  in  any 
direction. 

Dura-Flex  Register  and  Grilles  are  also 
furnished  with  blades  adjustable  for  any 
desired  air  flow.  Other  Dura-Flex  designs 
are  available  with  fixed  blades. 

DuraBilt  Floor  Registers  and  Cold  Air 
Faces  are  assembled  with  steel  cross-bar 
construction,  all  cross  joints  locked  and 
mortised.  These  should  be  specified  where- 
ever  extra  strength  is  required.  They  come 
in  medium  or  narrow  mesh. 

All  Auer  models  are  designed  with  due 
regard  for  air  capacity,  and  supplied  in  all 
required  sizes  and  finishes.  Complete 
Catalog  40,  showing  all  types  for  air  con- 
ditioning and  gravity  heating,  furnished 
on  request. 


Airo-Flex  No.  4432  Register— No  Frame 

Multi-louvres  adjustable  u$,  straight  or  down. 
Grille  bars  adjustable  for  right  or  left  flow.  Ad- 
justing tool  furnished.  Grille  to  match. 


Airo-Flex  No.  7032  Register — No  Frame 

Grille  bars  set  to  direct  air  downward  at  %2}4  deg., 
but  adjustable  for  other  angles.  Single  louvre.  Grille 
to  match. 


Fin-Flex  No.  5030  Register  with  Band 
Iron  Frame 

Flexible  fins  %  in.  on  center  offer  satisfactory  one- 
time adjustment.  Adjusting  tool  furnished  with  every 
order.  Horizontal  fins,  furnished  as  standard.  Ver- 
tical fins  furnished  if  specified.  Same  design  furnished 
also  without  valve,  as  a  return. 


Dura-Flex  No.  8132  Register—No  Frame 

Adjustable  bars  %  in.  on  center. 

Also  furnished  with  horizontal  bars  (adjustable). 
Small,  convenient  adjusting  tool  furnished  with  each 
order.  Same  design  furnished  also  without  valves, 
as  a  return. 
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Barber-Colman  Company 

Rockford,  Illinois 

ENGINEERED  AIR  DISTRIBUTION  OUTLETS 


Venturi-Flo 

Venturi-Flo  is  a  ceiling  type  outlet  of  modern  design 
which  mixes  conditioned  air  and  room  air  and  distri- 
butes it  over  the  desired  area.  The  units  are  made  in 
flush  and  surface  types  and  in  sizes  to  permit  handling 
volumes  of  air  from  6  cfm  to  15,000  cfm. 

Comparatively  high  velocities  may  be  used  without 
increasing  the  noise  level  or  causing  object ional  drafts 
in  the  room. 

Units  are  available  in  standard  finishes.  Either  type 
may  be  obtained  with  adjustable  dampers  or  in  com- 
bination with  lighting  fixtures. 


Venturi-Flo — Flush  Type 


Venturi-Flo— Surface  Type 


Urn-Flo  Grille 


Uni-Flo 

Uni-Flo  grilles  and  registers  are  designed  and  pre- 
fabricated with  directional  flow  aspirating  fins  especially 
for  air  conditioning  installations.  Therefore  Uni-Flo 
grilles  and  registers  assure  proper  air  distribution  and 
obviate  the  necessity  of  adjustment  at  the  installation. 

Dimensions  and  core  arrangement  may  be  selected  to 
give  desired  directional  flow  and  throw  without  in- 
creasing the  noise  level  or  causing  drafts.  Various  sizes 
and  shapes  are  available  including  curved  surfaces, 

Registers  are  similar  in  construction  to  grilles,  but 
with  the  addition  of  spring  loaded,  positive  closing, 
chain  or  key-operated  dampers. 

Electroplated  Finishes:  Gunmental,  brushed  bronze, 
plain  zinc,  buffed  zinc,  and  satin  copper.  Also  available 
in  plain  metal,  gray  prime  coat,  or  clear  lacquer. 


Uni-Fin 

Uni-Fin  grilles  and  registers  are  designed  especially 
for  residential  warm  air  installations.  Available  in 
standard  sizes  and  prime  coat  or  electroplated  finishes. 


Uni-Fin  Register 
THE  CORRECT  TYPE  OF  OUTLET  FOR  EVERY  REQUIREMENT 

(See  also  Page  940) 
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Hart  &•  Cooky  Manufacturing  Co.         Air  System  Equipment  •  £$12*" 


Velocities  with  No.  75  Design 


Velocities  -with  Conventional  Register 


EVEN  DISTRIBUTION  OF  AIR  OVER  ENTIRE  FACE 

The  turning  blade  valve  distributes  the  air  evenly  with  a  uniform  velocity  over  the 
entire  face,  as  shown  in  Figs.  1,  2,  and  3  on  the  preceding  page.  Note  how  the  air  rushes 
through  the  upper  part  of  the  face  with  a  conventional  register,  as  shown  in  Fig.  4. 
Since  the  entire  face  of  No.  75  Design  register  is  utilized  for  discharge  of  air,  smaller  and 
in  some  cases  fewer  registers  can  be  used  without  causing  excessive  velocities. 

Prevention  of  Streaked  Ceilings— With  either  UP,  STRAIGHT,  OR  DOWN 
deflections  the  air  does  not  strike  the  ceiling  immediately  in  front  of  the  register;  streaked 
ceilings  are  thus  avoided. 

Excellent  Concealment  of  Duct — The  depth  and  close  spacing  of  the  vertical  bars, 
combined  with  the  valve,  provide  almost  complete  concealment  of  the  duct,  adding 
considerably  to  the  pleasing  appearance  of  the  register  face. 

Special  Settings — No.  75  Design  functions  equally  well  when  located  at  the  end  of  a 
horizontal  duct  or,  by  installing  it  upside  down,  when  the  air  is  delivered  to  it  from  above. 

AVAILABLE  IN  FOUR  TYPES 

With  Turning  Blade 
Valve 

No.  751  Register  (Left) 
has  Sponge  Rubber  Gasket 
and  %  in-  turndown.  No. 
754  Register  (Right)  is 
similar  except  has  %  in. 
projection. 


Without  Valve 

No.  750  Grille  (Left) 
has  Sponge  Rubber  Gasket 
and  %  in.  turndown.  No. 
757  Intake  (Right)  has 
%  in.  projection. 


FOUR  TYPES  OF  INSTALLATION  FRAMES  AVAILABLE 


No.  75  Design  items  can  be  used  with  or  without 
installation  frames.  No.  3  Sidewall  Stud  Frame  (illus- 
trated), fastens  directly  to  stud,  forming  a  solid, 
streak-proof  foundation  for  register.  No.  8  Frame  is 
similar  for  baseboard  use.  No.  5  Baseboard  Stack 
Frame  provides  inexpensive,  streak-proof  installation. 
No.  2  Band  Iron  Frame  provides  for  connecting 
register  to  stackhead. 


CATALOG  40  AC,  containing  10  pages  of  useful  engineering  data  and  showing  the 
complete  H  &  C  line,  available  upon  request. 
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Hendrick  Manufacturing  Company 

Hendrick  Perforated  Metal  Grilles 

48  Dundaff  Street,  Carbondale,  Pa. 
SALES  OFFICES  IN  PRINCIPAL  CITIES—CONSULT  TELEPHONE  DIRECTORY 

PRODUCTS— Hendrick  Perforated  Metal  Grilles;  also  Mitco  Open  Steel  Floor- 
ing, Mitco  Armorgrids  and  Mitco  Shur-Site  Treads. 


Hendrick  Perforated  Metal  Grilles 

The  Hendrick  line  of  perforated  metal 
grilles  is  a  large  and  varied  one,  offering 
the  architect,  contractor,  building  owner, 
etc.,  literally  hundreds  of  designs  from 
which  to  select  the  grille  or  grilles  best 
adapted  to  specific  installations.  In  ad- 
dition to  standard  patterns,  Hendrick 
offers  a  number  of  exclusive  grille  designs, 
many  of  them  covered  by  design  patents. 

All  Hendrick  Grilles  are  characterized  by 
clean-out  perforations  and  fine  finish. 


^ 
aa^^igpMii»i 


^ 


.      FIXED  LOUVRE  GRILLE 

Hendrick  Fixed  Louvre  Grille;  ideal  for 
doors  in  hospitals,  hotels,  bathrooms. 
Permits  free  circulation  of  air  but  prevents 
vision  through  the  grille  from  any  angle. 
Easily  installed  in  any  door.  Regularly 
furnished  in  No.  18  U.  S.  Gauge  Steel. 
Can  be  furnished  in  aluminum,  bronze,  or 
0.05  in.  thick  stainless  steel. 


They  are  given  a  special  flattening  oper- 
ation which  makes  for  easy  installation. 
Hendrick  Perforated  Grilles  are  fur- 
nished in  aluminum,  brass,  bronze,  copper, 
Everdur,  Monel,  nickel-silver,  stainless 
steel,  steel,  zinc  and  other  commercially 
rolled  metals.  They  are  supplied  un- 
painted,  or  with  prime  coat;  with  lacquer 
or  duco  finish  in  any  color;  with  natural 
polish  or  with  any  standard  electroplate 
finish.  Furnished  from  16  gage  to  % e  in. 
thick,  up  to  90  in.  wide  and  almost  any 
length.  They  come  with  invisible  access 
doors,  angle  frames,  hinges,  etc. 


NOZZLE  GRILLE 

f  For  air^  conditioning  systems  utilizing 
high  velocities ;  most  efficient  in  minimizing 
the  noise  of  air  passing  through  a  grille 
opening.  Hendrick  Nozzle  Grille  is 
generally  furnished  with  %  inch  diameter 
perforations  but  can  be  had  in  a  large 
variety  of  sizes,  in  aluminum,  bronze, 
stainless  steel,  and  steel,  in  gauges  up  to 
.078  in.  thick  and  in  sizes  up  to  48  in. 
by  120  in. 


La  Crosse  Design  Patent  No.  89,684. 

Write  on  your  letterhead  for  a  copy  of  194-page  handbook;  "Hendrick  Grilles.1* 
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The  Independent  Register  Go. 

ESTABLISHED  1898 

3747  East  93rd  Street,  Cleveland,  Ohio 
AIR  CONDITIONING  REGISTERS  AND  GRILLES 

A  Complete  Line  for  Either  Residential  or  Commercial  Installations 


No.  311A  "Fabrikated"— Grille  Bars  in-  No.  321A  "Fabrikated"— Grille  bars  in- 
dividually adjustable  for  upward  or  down-  dividually  adjustable  for  right  or  left 
ward  directed  air  flow.  directed  air  flow. 


No.  238  Wrought  Steel— 4-way  adjust-  No.  139  Wrought  Steel— Flexible  hori- 
able  direction  of  air  flow.  Flexible  vertical  zontal  grille  bars,  bendable  for  up,  down 
grille  bars,  multiple  valves.  or  straight  air  flow.  Single  valves. 


miummmimim 


No.    137    Wrought    Steel— A    popular 
design,  moderately  priced.    Single  valves. 


No.  136  Wrought  Steel—Of  fine  appear- 
ance. Can  be  used  to  advantage  on  low 
priced  installations.  Single  valves. 

We  manufacture  many  other  types  and  styles 
of   Registers   and   Grilles;   a   complete  line. 

You  should  have  the  Independent  Register  Catalogues — Yours  for  the  Asking. 
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Plandaire,  Inc. 

3223  Kennett  Square,  Box  7350,  Pittsburgh,  13,  Pa. 


BALTIMORE,  MD W.  I.  Collier  &  Company,  522  Park  Ave. 

CHICAGO,  ILL Air  Products  Company,  9  S.  Kedzie  Ave. 

CINCINNATI,  OHIO, 

Allomer  Engineering  Co.,  Union  Central  Bldg. 

CLEVELAND,  OHIO F.  K.  Minor  Co.,  Bulkley  Bldg. 

DBS  MOINES,  IOWA Eleotrol  of  Iowa,  533  Seventh  St. 

DETHOIT,  MICH.,  Louis  T.  Ollesheimer,  2539  Woodward  Ave. 
GRAND  RAPIDS,  MICH., 

Hero  D.  Bratt,  228  Ottawa  Ave.,  N.W. 

HARBISBURG,  PA Myles  Standish,  210  Muench  St. 

JACKSON,  Miss Karl  J.  Hart,  903  N.  State  St. 

KNOXVILLE,  TENN E.  Lloyd  Widner,  Box  2012 

LAKE  CHARLES,  LA Albert  K.  Newlin 

Los  ANGELES,  CALIF Joe  S.  Earhart,  1709  W.  Eighth  St. 

MISSOULA,  MONT W.  M,  Waltorskirchen,  Box  1163 

NEW  ORLEANS,  LA Percy  L.  Luck,  1936  General  Taylor  St. 

NEW  YORK,  N.  Y., 

Air  Conditioning  Utilities  Co.,  8  West  40th  St. 

NORFOLK,  VA Laurence  Trant  &  Co.,  113  W.  Main  St. 

PHILADELPHIA,  PA Hucker-Pryibil  Co.,  1700  Walnut  St. 


Sales  Representatives 


PHOENIX,  Aniz Capitol  EngineorinK  Co.,  426  K.  Jefferson 

PORTLAND,  ORK H.  W,  MeKerusio,  Lewis  Bldg. 

ROCHESTER,  N.  Y A.  L.  Haskina,  1624  Monroe  Ave. 

ST.  Louis,  Mo. 

Edwin  H.  Shutt,  4  Algonquinwood,  Webster  Groves 
SAGINAW,  MICH., 

W.  A.  Witheridgo  Company,  746  S.  Fourth  Ave 
SALT  LAKE  CITY,  UTAH, 

Rushby  C.  Midglcy,  201  Bennett  Bldg. 
SAN  ANTONIO,  TEXAS, 

E.  G.  Langhammor  Co.,  436  Main  Avo. 

SAN  FUANCISCO,  CALIF Edgar  0.  Kaup,  926  Natoma  St. 

SEATTLE,  WABH.,  Heating  Service  Co.,  Inc.,  326  Columbia  St. 

SHREVEPORT,  LA C.  H.  Cox,  SIS  Market  St. 

SPOKANE,  WASH., 

Heating  Assurance,  Inc.,  124  E.  Augusta  Ave. 

TAMPA.  FLA Fat  Flanagan,  Box  445 

TOLEDO,  OHIO, 

Refrigeration  Sales  &  Mngnj.  Co.,  4112  N.  Haven  Ave. 
WASHINGTON,  D  C Glogge  Thomas,  1426  G  St.,  N.W. 


PRODUCTS:  Plandaire  KNO-DRAFT  High  Velocity  Spun  Aluminum  Ceiling 
Type  Air  Diffusers.    Plandlites  and  Pan  Plaques. 


MODEL  F  KNO-DRAFT  DIFFUSER 


The  Model  "F"  KNO-DRAFT  is  adjust- 
able and  can  be  used  on  either  low  or  high 
ceilings  and  for  various  air  throws.  It  can 
be  installed  in  the  ceiling  or  may  be 
mounted  on  exposed  duct  work.  Anti- 
smudge  rim  prevents  streaked  ceilings. 
Sizes  2J^  in.  to  42  in. 

MODEL  L  PLANDLITE 


Plandlites  available  in  sizes  from  6  in.  to 
42  in.  neck  diameters.  Combines  an  Air 
Diffuser  with  a  Lighting  Fixture.  Light 
distribution  curves,  resistances  and  selec- 
tion data  given  in  complete  catalog.  Model 
"L"  is  a  direct  light  unit  and  Model 
IDL-A  has  indirect  lighting  equipment. 


MODEL  SR  KNO-DRAFT  DIFFUSER 


The  combination  supply  and  return  unit  is 
available  in  sizes  from  6  in.  to  42  in.  neck 
diameters.  At  1400  fpm  will  handle  up  to 
7700  cfm  supply  and  5800  cfm  return, 
Available  with  indirect  lighting  equipment. 
Provides  draftless  air  distribution  with 
resultant  temperature  equalization. 

MODEL  FT  KNO-DRAFT  DIFFUSER 


The  Model  "FT"  KNO-DRAFT  is  of 
extra  heavy  gauge  aluminum  for  use  in 
buses,  trolley  cars  and  marine  craft. 
Sizes  2J^  in.  to  42  in.  May  be  equipped 
with  volume  control  devices.  All  Pland- 
aire products  are  Union  made. 
Write  for  Complete  Catalog. 
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Tuttle  &  Bailey,  Inc. 

New  Britain,  Conn. 

Branch  Offices:  NEW  YORK,  CHICAGO,  PHILADELPHIA 


Ceiling  Diff users 

Grilles,  Registers  and  Intakes 

Air  Control  Devices 


Ornamental  Grilles 

Cast  or  Wrought  Metals 

Copper  Convection  Heaters 


jttROFDSE|f|  OUTLET   A  Truly  Flush  Type  Ceiling  Diffuser 


The  Aerofuse  Outlet  is  a  perfected  com- 
bination of  real  beauty  and  functional 
efficiency.  Flush  with  the  ceiling  line 
and  of  simple  attractive  design  it  har- 
monizes unobtrusively  with  any  style  of 
interior  decoration.  Most  important, 
however,  is  its  superb  performance.  Be- 
cause of  unique  construction,  the  supply 
air  is  brought  into  contact  with  room  air 
over  the  largest  possible  area  immediately 
after  leaving  the  outlet.  This  results  in 
a  high  rate  of  temperature  equalization 
and  eliminates  the  possibility  of  drafts. 


1  Efficient  Air  Mixture  ...  2  Rapid  Temperature 

Equalization  ...  3  Complete  Air  Distribution  .  .  . 

4  Total  Elimination  of  Drafts 


COMBINATION  SUPPLY  AND 
RETURN  UNIT 

Particularly  useful  in  installations 
where  simplification  of  the  duct  layout 
is  of  primary  importance,  since  the 
return  (exhaust)  duct  may  be  run  to 
the  same  point  as  the  supply  duct  in- 
stead of  to  a  grille  at  some  other  loca- 
tion. The  removable  center  section 
provides  Free  Area  for  the  return  or 
exhaust  of  at  least  60  per  cent  of  the 
supply;  volume. 


THE  AEROFUSE  OUTLET  GIVES  YOU  BEAUTY 
PLUS  FUNCTIONAL  EFFICIENCY 
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Tuttle  &  Bailey,  Inc. 

New  Britain,  Conn. 


ADJUSTIBLADE  REGISTER 

A  very  inexpensive  register.  The  air  flow 
may  be  deflected  sideways  by  the  individu- 
ally adjustable  face  vanes,  and  up  and 
down  by  back  blades.  Also  available  with 
Flexair  design  (sectionally  adjustable)  face. 


AIR  CONDITIONING  GRILLES 

Furnished  in  a  fixed  deflection  (Airline 
design)  and  a  sectionally  adjustable 
(Flexair  design)  type  with  bars  running 
either  vertically  or  horizontally. 


DOUBLE  GORE  OUTLET 

The  vertical  front  bars  are  sectionally 
adjustable  for  sideways  deflection.  The 
horizontal  back  bars  are  either  sectionally 
adjustable  (Flexair  design)  or  are  of  fixed 
deflection  (Airline  design). 


MCKNIGHT  REGISTER 

Provides  positive  control  of  air  volume  at 
the  outlet.  Scientifically  designed  volume 
control  louvers  are  operated  by  means  of  a 
special  key  furnished  with  each  register. 


DOUBLE  DEFLECTION  OUTLET 

Made  with  front  bars  of  fixed  deflection 
(Airline  design)  or  with  front  bars  sec- 
tionally adjustable  (Flexair  design)  and 
individually  adjustable  back  blades. 

SANTROLS 

A  simple  device  to  provide  positive  control 
of  air  volume  throughout  an  entire  duct 
system  and  insure  even  distribution  of  air 
over  entire  outlet  face. 


REMOTE  CONTROL 

Ideal  for  hotels,  office  build- 
ings, large  public  buildings. 
Makes  possible  individual 
control  of  air  volume  by  the 
mere  turning  of  a  knob  in 
every  room  throughout  the 
building.  A  real  advance 
in  air  conditioning  for  large 
buildings,  yet  compara- 
tively inexpensive  to  install. 
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Air  System  Equipment 


Tuttle  &  Bailey,  Inc. 

New  Britain,  Conn. 


STANDARDIZED  ALL  COPPER 
CONVECTOR 

An  all  copper  convector  which  has  been  com- 
pletely standardized  to  meet  every  present 
day  condition  of  steam,  vapor  or  hot  water 
heat.  Front  panels  made  with  pleasing 
rounded  corners  and  equipped  with  the 
efficient  and  unobtrusive  Airline  Grille. 
Furnished  in  a  Recessed,  Free  Standing,  or 
Semi-Recessed  Type. 


TUTTLE  &  BAILEY  HEATING  ELEMENT 


All  copper  throughout.  Fins 
and  tubes  are  permanently  fixed 
by  a  metallic  bond  uniting  them 
into  an  integral  unit.  Headers 
are  also  of  wrought  copper  re- 
quiring a  minimum  of  space  and 
allowing  the  use  of  the  greatest 
number  of  fins  for  a  given  length 
of  element.  Copper  tubes  are 
scientifically  shaped  to  allow 
minimum  resistance  to  air  flow 
and  maximum  contact  with  fins. 


PACKED  IN  CARTONS  FOR  PROTECTION  AND  EASE  IN  HANDLING 

Tuttle  &  Bailey  All 
Copper  Convectors 
are  packed  in  strong 
corrugated  cartons 
for  full  protection 
from  factory  to  in- 
stallation and  for  ease 
in  handling.t  They 
are  useful  during  com- 
pletion of  the  job  as 
the  elements  can  be 
installed  before  plas- 
tering and  the  carton 
tacked  up  across  the 

opening,  causing  the  elements  to  deliver  their  full  rated  heat  ancl  insuring  the  fronts 
against  damage  during  plastering  and  finishing. 
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United  States  Register  Company 

General  Offices:  Battle  Creek,  Mich.,  U.S.A. 

Branches:   MINNEAPOLIS,  MINN.,  KANSAS  CITY,  Mo.,  ALBANY,  N.  YM  NEW  YORK,  N.  Y., 

SAN  FRANCISCO,  CALIF. 
Air  Conditioning  Registers,  Vents  and  Grilles 


Style  153LF— -Louver-Type  Air  Con- 
ditioning Register-Bars  l/i  in.  deep- 
Spaced  4  openings  to  the  inch  affords 
Non-Vision.  Can  be  supplied  in 
Directional  Flow  in  either  Horizontal 
or  Vertical  Bar  Styles.  Can  be  fur- 
nished with  all  styles  of  Setting  Frames 
and  with  INSET  PANELS  which 
conveniently  afford  Multi-Flow. 


Style  249LF — Duo-Deflection  Air  Con- 
ditioning Register.  Gives  complete  Air 
Control.  Vertical  Front  bars— Key-pin 
adjusted  to  provide  45  deg  Right  and 
Left  or  Two-way  Side  Flow.  Lever 
operated  Horizontal  Back- valves  give 
from  Full  Closed  to  any  degree  of  Up- 
flow  and  to  45  deg  Down-flow.  FULL 
FACE  COVERAGE.  Can  be  supplied 
with  any  style  of  Setting  Frame.  Fits 
all  Stack  Heads. 


Style  256LF— Flex-bar  Air  Condition- 
ing Register.  Vertical  Front  Bars  set 
22  deg  Right  and  Left.  Side  Flow 
Deflection  attained  by  setting  of  Grille 
Bars  with  bending  wrench  to  accom- 
modate room  condition.  Ba'ck- valves 
give  same  Up  and  Down  control  of  air 
flow  as  249LF  above.  FULL  FACE 
COVERAGE.  Can  be  supplied  with 
any  style  of  Setting  Frame.  Fits  all 
Stack  Heads. 


All  of  above  Styles  can  be 
supplied  with  either  Lever  or 
Individually  adjusted  Multiple 
Valves  or  Louvers.  I.E.  153VVI 
— Vertical  Valves  Individually 
adj  usted .  145VVL — Lever  oper- 
ated Vertical  Valves. 

Style  103N-LF— Horizontal 
Lattice  Perforated  Register  for 
Forced  Air  Systems.  Not  direc- 
tional flow. 

Style  102LF— Vertical  Em- 
bossed Bar  Design — Not  direc- 
tional flow. 

Grilles  and  Vents  in  Matching 
designs. 

For  Complete  Information  Write  for  Latest  Catalog 

In  Canada,  United  States  registers,  vents  and  grilles  are  manufactured  and  distributed  by  the 
CANADA  REGISTER  &  GRILLE  CO.,  Ltd.,  Toronto,  Ontario 
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Waterloo  Register  Company 


Waterloo,  Iowa 


Established  1902 
Representatives  in  Principal  Cities 


Seattle,  Wash. 


NO-VE-U 
Door  Ventilator 

A  sight-proof  venti- 
lator of  rugged  con- 
struction,  either  of 
fixed  or  adjustable  de- 
sign, for  installation  in 
doors  of  IJ/g  in.,  1%  in. 
and  1%  in.  thickness. 
Opening  in  door  must 
be  exact  and  measur- 
able in  even  inches, 
This  unit  is  available 
with  several  different 
styles  of  frames,  and 

.,,,.,«  ,  f  the  louvres  can  be  fur- 

nished of  19  gauge  steel,  as  standard,  or  of  16  gauge  steel  at  extra  cost  where  special 
strength  is  required.  Not  made  to  fit  openings  wider  than  36  in.  Available  in  various 
finishes. 


I 

JAU 


FG-75  GRILLE 

FGV-75     Front  blades  parallel  to 

short  dimension. 

FGH-75    Front  blades  parallel  to 
long  dimension. 

Individually  adjustable  double  di- 
rectional grille  with  streamline 
blades  1  in.  deep  spaced  on  %  in. 
centers.  A  removable  wrench  pro- 
vides adjustment  after  installation. 
Depth  of  grille  2J4  in. 


TECHNI-TROL 
VOLUME  DAMPER 

Made  to  fit  inside  dimensions  of 
duct.  The  blades  of  this  damper  are 
arranged  to  open  and  close  on  rust 
proof  bearings  so  that  the  volume 
of  air  may  be  reduced  or  increased 
without  deflecting  the  air  stream 
from  a  straight  course.  Can  be 
arranged  with  locking  mechanism 
for  operation  through  grille  or  can 
be  attached  to  various  remote  con- 
trol wires  or  rods. 


Descriptive  matter  and  catalogs  available  from  main  office  or  representatives. 
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Sheet  Metal  and 
Tubular  Products 


The  American  Rolling  Mill  Company 

Executive  Offices,  Middletown,  Ohio 


ATLANTA,  GA., 
1437  Citizens  and  Southern  National  Bank  Bldg. 
BERKELEY,  CALIF  Seventh  and  Parker  Sts. 
BOSTON,  MASS  201  Devonshire  St. 
BUFFALO,  N.  Y  504  Seventeen  Court  St.  Bldg. 
CHATTANOOGA,  TENN  712  Chattanooga  Bank  Bldg. 
CHICAGO,  ILL  310  S.  Michigan  Bldg. 
CLEVELAND,  OHIO  1516  B.  F.  Keith  Bldg. 
DALLAS,  TEXAS  nil  Santa  FR  Bid* 

INDIANAPOLIS,  IND. 
KANSAS  Cirr,  Mo... 
MIDDLETOWN,  OHIO 
MINNEAPOLIS,  Mir 
NEW  ORLEANS,  LA. 
NEW  YORK,  N.Y.._ 
PHILADELPHIA,  PA.. 
PITTSBURGH,  PA.  

1106  Fletcher  Trust  Bldg. 
_  7100  Roberts  St. 
i  _..7Q3  Curtis  St. 
IN  171-27th  Ave.,  S.  E. 
3501  S.  Carrollton  Ave. 
1  20  Broadway 

1808  Lincoln-Liberty  Bldg. 
1626  Oliver  Bidg. 

DBTEOIT,  MICH  

..5-261  General  Motors  Bldg, 

ST.  Louis,  Mo.  

1725  Ambassador  Bldg. 

Choose  the  Correct  ARMCO  Grade 

These  grades  of  ARMCO  sheet  metal  are  recommended  for  the 
air  conditioning  applications  shown.  For  detailed  information 
get  in  touch  with  the  nearest  district  office  or  write  direct  to 
The  American  Rolling  Mill  Company,  Middletown,  Ohio. 


ARMCO  Ingot  Iron 

(Galvanized) 

Ducts 

Washer  Chambers 

Plenum  Chambers 

Steam  Line  Casings 

Furnace  Casings 

Spray  Towers 

Drip  Pans 

Housings 

Machine  Guards 

Unit  Conditioners 

(Industrial) 

Roof  Ventilators 

Eliminator  Blades 

ARMCO  Paintgrip 

(Galvanized) 

Recommended  for  all  applications  listed 
above  that  need  immediate  painting. 
Send  for  complete  information. 

Hot  Rolled 

(Sheets  and  Strip) 

Fan  Blades 

Blower  Casings 

Fuel  Oil  Tanks 

Unit  Conditioners 

Stoker  Hoppers 

ARMCO  Zincgrip 

A  special  galvanized  sheet  that  can  be 
severely  formed  without  peeling  or  flaking 
of  the  tightly  adherent  zinc  coating. 


Gold  Rolled 

(Sheets  and  Strip) 

Furnace  Casings 
Room  Unit  Casings 

Plates 

(ARMCO  Ingot  Iron) 
Smoke  Stacks 
Coal  Hoppers 

Breeching 

Unfired  Pressure  Vessels 

Low-fired  Boilers 

Tanks 

ARMCO  High  Tensile 

A  low  alloy,  high  tensile  steel  possessing 
great  strength.  Used  with  proper  design 
it  results  in  weight  reduction  of  frame- 
work, tanks  and  similar  items.  Under 
atmospheric  service  conditions  it  has  four 
to  six  times  the  resistance  of  regular  steel, 

Stainless  Steel 

(Sheets,  Strip  and  Plate) 

Combustion  Chambers 
Heat  Flues  and  Tubes 
Furnace  Casing  Trim 

Grilles 

Corrosion  Resistance 
Fan  and  Blower  Blades 
Heat  Resistance  without  destructive  scal- 
ing up  to  1600°  F.  or  higher. 


Other  ARMCO  Products 

The  grades  for  these  applications  are  only  a  few  that  ARMCO  makes.    Others  include 
copper-bearing  sheets  and  plates  and  open-hearth  steel,  either  galvanized  or  uncoated. 
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Sheet  Metal  and 


Bethlehem  Steel  Company 


General  Offices: 


Bethlehem,  Pa. 


BETHLEHEM  STEEL  COMPANY,  GENERAL  OFFICES:  BETHLEHEM,  PA.  DISTRICT  OFFICES:  AKRON,  ALBANY, 
ATLANTA,  BALTIMORE,  BOSTON,  BUFFALO,  CHICAGO,  CINCINNATI,  CLEVELAND,  COLXTMBUS,  DALLAS, 
DENVER,  DETROIT,  HONOLULU,  HOUSTON,  INDIANAPOLIS,  JOHNSTOWN,  PA.,  KANSAS  CITY,  Mo,,  Los 
ANGELES,  LOUISVILLE,  MILWAUKEE,  NASHVILLE,  NEW  HAVEN,  NEW  ORLEANS,  NEW  YORK,  PHILADELPHIA, 
PITTSBURGH,  PORTLAND,  ORE.,  ST.  Louis,  ST,  PAUL,  SALT  LAKE  CITY,  SAN  ANTONIO,  SAN  FRANCISCO, 
SAVANNAH,  SEATTLE,  SPRINGFIELD,  MASS.,  SYRACUSE,  TOLEDO,  TULSA,  WASHINGTON,  WILKKS- BARRED 
YORK.  EXPORT  DISTRIBUTORS:  BETHLEHEM  STEEL  EXPORT  CORPORATION,  NEW  YORK. 

COPPER-BEARING  BETH-CU-LOY 
FOR  RUST  RESISTANCE 


The  charts  at  the  right  show  conclusively 
the  superior  rust  resistance  of  copper- 
bearing  steel.  Sheets  of  the  same  com- 
position as  Beth-Cu-Loy,  Bethlehem's 
copper-bearing  steel,  outlasted  ordinary 
iron  and  steel  by  a  wide  margin  when 
exposed  to  atmospheric  corrosion, 

Beth-Cu-Loy,  available  in  the  form  of 
sheets,  pipe  and  plates,  offers  2  to  3  times 
longer  life  as  indicated  by  these  three 
corrosion  tests — and  Beth-Cu-Loy  costs 
only  3  to  5  per  cent  more  than  ordinary 
steel,  much  less  than  open-hearth  or  copper- 
bearing  iron. 

Heating,  ventilating  and  air  conditioning 
engineers,  architects  and  contractors  are 
finding  it  pays  to  specify  Beth-Cu-Loy 
wherever  moisture  or  corrosion  is  a  factor. 
Beth-Cu-Loy  sheets  are  easily  workable, 
durable  and  low  in  cost. 

BETHLEHEM  MAKES: 

Sheet  Steel  — all  grades,  hot-rolled 
(black),  cold-rolled,  and  galvanized — 
available  in  Beth-Cu-Loy. 

Steel  Pipe — In  sizes  up  to  3  inches,  now 
made  by  the  Continuous-Weld  Process  and 
sold  under  the  trade  name  Beth-Co-Weld. 

Ammonoduct — A  new  kind  of  pipe 
that  has  an  outstanding  advantage  in  its 
unusual  ductility.  It  can  be  bent  cold, 
without  need  for  annealing,  without  danger 
of  fracturing.  Recommended  for  ammonia 
piping  and  for  heater  coils,  water  legs  in 
furnaces  and  similar  uses  where  pipe  must 
be  bent. 

Boiler  Tubes— Charcoal  iron  and  steel. 

Plates — all  sizes;  flanged  and  dished 
heads.  Available  in  Beth-Cu-Loy. 

Literature  and  further  information  on 
any  of  these  products  can  be  secured  from 
the  nearest  district  office  or  from  the 
general  offices  in  Bethlehem,  Pa, 


A.S.T.M.  Test  of  22-RaRC  black  sheets 
Years  to  average  first  failure  of  4  materials 


2  4  6  8  10          12 

Sheets  exposed  April  21,  1926:  tests  still  under 
way  (see  Proceedings  of  A.S.T.M.— Committee 
A-5,  Vol.  38). 

*No  failures  in  copper-bearing  steel  sheets  at 
last  report, 


4  6  8  1O          12 

Sheets  exposed  April  19,  1917;  test  discontinued 
April  16,  1928  (see  Proceedings  of  A.S.T.M.— 
Committee  A-5,  Vol.  28). 

*Only  10  of  61  copper-bearing  steel  sheets  had 
failed  when  test  was  discontinued. 


I   I   I   I   I   I   I    I   I  I   I   I 
/It  ANNAPOLIS 
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10  15  20         25 

Sheets  exposed  October  17, 1916:  tests  still  under 
way  (see  Proceedings  of  A . S.  T.M.— Committee 

*0nlv  9  of  78  copper-bearing  steel  sheets  had 
failed  at  last  report. 

A  booklet  "Beth-Cu-Loy  Sheets,"  gives  the  story 
of  these  testa.  A  copy  is  yours  for  the  asking. 
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United  States  Steel  Corporation  Subsidiaries 

Carnegie -Illinois  Steel  Corporation,  Pittsburgh  and  Chicago 

Columbia  Steel  Company,  San  Francisco 

Tennessee  Coal,  Iron  &  Railroad  Company,  Birmingham 

United  States  Steel  Export  Company,  New  York 

District  Offices  in  all  Principal  Cities 


U.  S.  S.  COPPER  STEEL 

For  Superior  Rust  Resistance  at  Low  Cost 


Corrosion  resistance  and  cost  are  two 
determining  factors  of  the  type  of  metal  to 
be  used  for  various  air  conditioning  jobs. 

Copper  Steel  has  2  to  3  times  the  atmos- 
pheric corrosion  resistance  of  plain  steel  or 
pure  iron  as  shown  in  the  results  of  un- 
biased tests  made  at  Pittsburgh,  ^Ft. 
Sheridan  and  Annapolis  by  the  American 
Society  for  Testing  Metals. 

The  cost  of  U.  S.  S  Copper  Steel  is  less 
than  that  of  pure  iron  or  copper-bearing 
pure  iron  and  only  slightly  more  than  plain 
•steel.  Thus  there  often  is  a  dividend  of 
"200  per  cent  to  300  per  cent  longer  life  and 
a  saving  in  the  first  cost  as  well. 

When  galvanized,  U.  S.  S  Copper  Steel 
produces  a  sheet  that  is  rust  resistant  all 
the  way  through — not  just  on  the  surface. 
It  should  be  used  for  all  ducts  carrying 
humidified  air  or  placed  in  damp  locations 
such  as  basements,  shower  rooms,  etc. 


U.  S.  S.  PAINTBOND 

When  painting  is  desirable  for  galvanized 
steel,  U.  S.  S  Paintbond  should  be  used. 
This  makes  it  possible  to  paint  the  job 
immediately.  Paintbond  offers  a  much 
better  surface  for  painting,  prevents  flaking 
•of  the  paint  and  retards  corrosion.  It  is 
used  for  duct  work,  furnace  housings  and 
•outdoor  sheet  metal  work. 


HERE'S  THE   PROOF! 
UNCOATED  COPPER  STEEL 
91%  SOUND  AFTER  21  YRS. 


Corrosion  test  of  A.S.T.M.  on  22  gage 

black  sheets  exposed  at  Annapolis,  Md., 

October,  1916.     The  copper  steel  sheets 

outlasted  all  others  in  the  test. 


OTHER  U.  S.  S.  PRODUCTS 
INCLUDE: 

Black  Sheets — All  grades,  hot  rolled, 
cold  rolled  in  a  number  of  different 
finishes. 

Stainless — Heat  resisting  steel  for 
various  uses  where  temperatures  are  high 
and  corrosion  severe. 

Cor-Ten — High  Tensile  steel — greater 
strength,  greater  atmospheric  corrosion 
resistance  for  smokestacks,  hoods,  etc. 
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Efficient  performance  of  the  Air  Conditioning 
apparatus  and  Air  System  Equipment  shown 
in  the  two  preceding  sub-divisions  is  dependent 
upon  proper  adjustment  and  control.  For 
these  purposes  there  are  many  types  of  instru- 
ments for  testing  and  adjusting  the  apparatus, 
and  devices  for  control  of  its  operation. 

The  functions  and  methods  of  using  controls 
and  instruments  are  described  in  Chapters  33 
and  34  of  the  Technical  Data  Section.  In  the 
following  sub-division  of  the  Catalog  Data 
Section — Controls  and  Instruments — these 
devices  are  illustrated  and  described,  and 
factual  data  given  by  the  manufacturers. 

Following  the  data  on  Controls  and  Instru- 
ments is  a  sub-division  on  Steam  and  Hot 
Water  Heating  Systems,  including  the  many 
parts  required  to  make  up  the  complete  sys- 
tems. This  type  of  apparatus  too,  requires  test- 
ing, adjusting,  and  control; many  of  the  same 
devices  used  with  air  systems  are  also  suitable 
for  use  with  steam  and  hot  water  systems. 


CONTROLS  AND  INSTRUMENTS 


Automatic  controls  form  an  essential  part  of  modern  heating,  ventilating 
and  air  conditioning  equipment,  and  for  the  refrigerating  equipment  which 
performs  important  functions  in  many  air  conditioning  operations,  Their 
use  makes  possible  accurate  maintenance  of  desired  physical  conditions,  with 
an  operating  efficiency  and  economy  which  are  not  obtainable  with  manually 
operated  controls. 

Instruments  of  many  types  and  for  many  uses  are  available  for  determining 
the  capacity  and  operating  efficiency  of  apparatus.  These  instruments  are 
designed  to  obtain  results  in  conformity  with  adopted  test  methods  and 
operating  standards, 

CONTROLS  (p.  938-965) 

Thermostats — room,  immersion,  insertion  and  surface  types;  humidity  controls, 
pressure  controllers,  damper  motors,  control  valves,  solenoid  valves,  relays,  etc. 

For  control  of  air,  gases,  temperatures,  humidity  and  liquids;  for  automatic  fuel 
burning  apparatus;  for  all  types  of  heating,  ventilating  and  air  conditioning  apparatus 
operating  as  separate  units,  or  as  integral  parts  of  central  systems. 

The  various  types  of  automatic  controls  include  electric,  pnuematic,  and  self- 
contained  control  systems — two-position,  or  on-and-off,  and  the  modulating  or  graduated 
control.  They  are  adaptable  for  individual  room  control,  or  for  zone  control  in  large 
buildings,  and  also  for  industrial  process  control. 

Technical  data  on  automatic  controls  will  be  found  in  Chapter  33. 

INSTRUMENTS  (p.  938-965) 

For  measuring,  indicating  and  recording  air  velocity,  temperature,  humidity,  pressure, 
flow  and  liquid  levels;  and  for  testing  and  rating  heating,  ventilating  and  air  con- 
ditioning equipment. 

They  include  gauges,  meters,  recorders  and  indicators,  hygrometers,  pyrometers, 
psychrometers,  thermometers,  velometers. 

Technical  data  on  instruments  is  contained  in  Chapter  34. 

Manufacturer's  products  shown  in  this  division  are  designed  for  specific  applications. 
Consult  the  Index  to  Modern  Equipment  for  additional  products  of  these  manufacturers. 
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Controls  and  Instruments 


Alco  Valve  Company 

ENGINEERED  REFRIGERANT  CONTROLS 
2638  Big  Bend  Blvd.,  St.  Louis,  Mo. 


NEW  YORK  OFFICE:    381  Fourth  Ave. 


CHICAGO  Oiwicu:    4!W  East  Eric  St. 


A  complete  line  of  Engineered  Refrigerant  Controls 

THERMO 

EXPANSION 

VALVES 

For  automatic  control  of 
liquid  refrigerant  on  all 
types  of  air  conditioning 
and  refrigeration  systems.  Type  TK  Type  TJL  Type.  Tilt 

CAPACITIES— From  fractional  tonnage  to  100  tons  Methyl  Chloride,  50  tons  Freon-12. 
MAGNETIC  STOP  VALVES 

For  all  types  of  service 

Magnetic  Liquid 
Stop  Valves 

Freon — up  to  75  tons,  Methyl 
Chloride — up  to  150  tons. 

Magnetic  Suction 
Stop  Valves 

Freon— up  to  1  >£"  or  8.8  tons 
Methyl  Chloride — up  to  1 J^" 
or  17  tons.  Type  Si 


Type  MS 


Type  R2 


AMMONIA  CONTROLS 

Magnetic  Liquid  Stop  Valves  — 
up  to  172  tons. 

Magnetic   Suction   Stop   Valves — 

up  to  \y<ir  or  28  tons. 

Thermo  Expansion  Valves — 

from  fractional  tonnage  to  60  tons. 


EVAPORATOR 

PRESSURE 
REGULATORS 

For  Freon,  Methyl 
Chloride  and  Am- 
monia, with  port  sizes 
up  to  2  in.,  and  a  wide 
variety  of  connection 
sizes. 


Type  MS 


Type  TGS 


ALCO  also  offers  Magnetic  Stop  Valves 
for  brine,  water,  gas,  air  and  steam; 
specially  designed  Magnetic  Compressor 
Discharge  Valves  and  Magnetic  Pilot 
Check  Suction  Stop  Valves  (for  lines 
subject  to  reverse  Flow). 

In  addition,  the  Alco  line  of  Engi- 
neered Refrigerant  Controls  includes  Float 
Valves,  Float  Switches,  High  Pressure 
Float  Valves,  Constant  Pressure  Ex- 
pansion Valves  and  liquid  and  suction 
line  Filters. 
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flUTdflTIC  PRODUCTS  COIDPflllY 


2450          nORTH 

miLUJflllKtt 


THIRTY  —  S£CORD         STR€€T 

Wisconsin 


A-P  DEPENDABLE  CONTROLS 

For  Heating,  Refrigeration  and  Air  Conditioning 


1.  A-P  Thermostatic  Expansion  Valves. 

Several  models  and  sizes,  for  capacities  up  to  16  tons  Freon  or  32  tons  Methyl  Chloride. 

2.  A-P  Solenoid  Refrigerant  Valves.    Capacities  up  to  50  tons  Freon. 

3.  A-P  Thermostats.     For  Cooling  or  Heating. 

4.  A-P  Water  Regulating  Valves.     Capacities  up  to  1440  Gallons  per  hour. 

5.  A-P  Solenoid  Operated  Water  Valve.      Made  especially  for  Deep  Well 

Cooling. 

A-P  Controls  for  Oil  Burning,  Gravity-Feed  Heating  Plants. 


A-P  Constant  Level 
Oil  Control  Valve— 

With  Fuel  Compensator. 
Used  on  Gravity  Oil 
Burning  Appliances. 


A-P  Complete  Fur- 
nace Control  Set — 

Made  in  variety  of  types 
for  Gravity-Feed  Oil 
Burning  Furnaces. 


A-P  Valve  DEPENDABILITY 


A-P  Fuel  Oil  "Trap- 
It"— Traps  dirt  and 
water  in  fuel  systems. 
Improves  operation  of 
all  oil  burning  devices. 


is  widely  recognized  in  Refrigeration,  Air  Conditioning  and  Heating.  This 
reputation  is  born  of  close  adherence  to  a  rigid  standard  of  perfection — in 
materials  used,  careful  testing  and  inspection,  simplicity  of  construction,  and 
many  unusual  features. 
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Barber-Colman  Company 

Rockford,  Illinois 
TEMPERATURE  and  HUMIDITY  CONTROL  EQUIPMENT 

Barber- Colman  Controls  are  all  electric.  Precision  built  to  insure  long,  continuous, 
and  dependable  service.  Easy  to  install  in  either  new  or  existing  installations.  Ready 
for  instant  service  at  all  times,  even  after  long  shut  down  periods, 

Thermostats,  Hygrostats,  and  Comfort- 
stats.  Instruments  for  controlling  dry-bulb, 
wet-bulb,  effective  temperature,  and  relative 
humidity.  For  snap-action,  floating,  or  pro- 
portioning control.  Superthcrm  has  a  hori- 
zontal bimetal  element  and  is  more  sensitive 
to  changes  in  room  temperature.  The  Com- 
fortstat  takes  into  consideration  relative  hu- 
midity as  well  as  temperature  and  therefore 
regulates  in  accordance  with  effective  tem- 
peratures. 

The  Econostat  (not  illustrated)  is  a  com- 
plete self-contained  thermostatic  unit  for  the 
automatic  regulation  of  the  heat  supply  of  a 
building  in  accordance  with  outdoor  tem- 
peratures. 


Motor- Operated  Valves.  Fadeless, 
packed,  single  seat,  pilot  piston,  vee- 
ported,  balanced,  three-way,  four- way, 
and  butterfly.  For  shut-off,  throttling 
or  proportioning  service.  Also  solenoid 
valves  for  air,  oil,  water,  gas,  and 
refrigerants.  Motor-Operated  Valves 
are  powered  with  Barcol  motors  which 
have  only  one  moving  part  and  require 
no  attention  except  oiling;  oil  submerged 
operators  require  no  attention, 

All  gears  are  machine  cut  and  steel 
gears  heat  treated.  All  exposed  steel 
parts  are  zinc  plated.  Motor-operators 
are  detachable  as  units. 


Damper   Control   Motors. 

Unidirectional  or  reversible, 
Fixed  or  acl j  ustable  speed .  For 
positive  or  proportioning  op- 
eration of  dampers  in  heating, 
ventilating,  air  conditioning, 
or  industrial  applications. 

Oil-submerged  models  have 
the  motor  and  gear  train 
entirely  submerged  in  oil, 
thus  insuring  quiet  operation 
and  long  dependable  service. 

Automatic  cam-operated 
switches  provide  accurate 
stopping  at  the  desired  limits. 


(See  also  Page 
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The  Bristol  Company 


Waterbury,  Connecticut 

Branch  Sales  and  Service  Offices 

AKRON,  OHIO  CHICAGO,  ILL.  NEW  YORK  CITY  SAN  FRANCISCO,  CAL 

BIRMINGHAM,  ALA.  DETROIT,  MICH.  PHILADELPHIA,  PA.  ST.  Louis,  Mo. 

BOSTON,  MASS.  Los  ANGELES,  CAL.  PITTSBURGH,  PA.  SEATTLE,  WASH. 

THE  BRISTOL  COMPANY  OF  CANADA,  LTD.,  64  Princess  Street,  Toronto,  Ontario 
BRISTOL'S  INSTRUMENT  Co.,  LTD.,  North  Circular  Road,  London,  N.W.  10,  England 

A  COMPLETE  LINE  OF  INSTRUMENTS  FOR  RECORDING, 
INDICATING  AND  CONTROLLING 

TRADE-MARK 


BRISTOL'S 


FLOW  METERS,  ELECTRIC 
AND  MECHANICAL 

For  indicating,  recording,  automatically 
controlling,  and  integrating  flow  of  steam, 
air,  gases,  liquids.  Electric  Flow  Meters 
telemeter  measurements  of  flow  any  dis- 
tance up  to  several  hundred  miles. 
Catalog  No,  1051. 


Electric  Flow  Meter, 
Model  M1040  M 


Recording   Pressure 
Gauge,  Model  40M 


Recording 
Thermometer, 
Model  840M 


Mechanical  Flow 
Meter,  Model  1140M 


RECORDING 

PRESSURE 

GAUGES 

For  securing  con- 
tinuous records  of  pres- 
sure, vacuum  or  liquid 
level  for  steam,  air,  gas, 
liquids.  For  ranges 
from  full  vacuum  to 
12,000  Ib  per  sq  in. 
Catalog  No.  1025. 


RECORDING  AND 

INDICATING 
THERMOMETERS 

Recording  Ther- 
mometer: For  all 
commercial  ranges 
from  60  F  below  to 
1000  F  above  zero. 
For  wall,  flush,  or 
panel  mounting.  Cat- 
alog No.  125L 


RECORDING  AND  INDICATING 
RESISTANCE  THERMOMETERS 

For  securing,  at  a  central  point,  readings 
of  a  number  of  temperatures  at  distant 
points.  As  many  as  eight  temperature 
records  can  be  made  on  one  chart  simul- 
taneously. Catalog 
No.  1452  and  Bulletin 
No.  997. 


Eight-point  Wide  Strip 

Resistance  Thermometer, 

Model  487 


DIRECT  READING  RELATIVE 
HUMIDITY  RECORDER 

Shows  trend  of  hu- 
midity and  humidity 
conditions.  No  calcu- 
lations or  humidity 
tables  needed.  Re- 
quires no  water,  no  fan. 
Portable  case.  Bulletin 
No.  554. 

Thermo-Humidigraph,  Model  4069 

WET-  AND  DRY-BULB 
PSYCHROMETER 


Records  wet- 
and  dry-bulb 
temperatures  in 
kilns,  drying 
rooms,  air  ducts. 
Self-contained 
and  distance 
types.  Mois- 
ture-, fume-, 
and  dust-proof 
case.  For  wall, 
and  flush  panel 
mounting.  Cat- 
alog No.  1251. 

Wet-  and  Dry-Bulb 
Psychrometer,  Model 
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IDEAL  FAST-VENTING  SYSTEM 
For  Automatically  Fired  One-Pipe  Steam  Jobs 

An  automatic,  oil,  gas  or  coal  burner  operates  on  a  pronounced  on  and  off  cycle.  There- 
fore, on  automatically  fired  one-pipe  steam  jobs,  all  venting  and  all  heating  must  be 
accomplished  during  the  limited  on  period — the  venting  first. 
The  time  factor  in  venting  is  of  utmost  importance,  especially 
when  using  the  compensated  or  "preheater"  type  thermostat 
which  causes  heating  cycles  even  shorter. 

About  three  years  ago,  the  Detroit  Lubricator  Company 
brought  out  the  Ideal  Fast-Venting  System  which  consists  of 
No.  300  Multiport  for  radiators  and  the  No.  861  Hurivent  for 
mains  which  have  very  large  ports,  and  allow  both  radiators 
and  mains  to  vent  in  only  a  small  fraction  of  the  time  needed 
when  conventional  valves  are  used. 

Experience  has  demonstrated  the  outstanding  advantages  of 
large  port  fast  venting  for  automatically  fired  one-pipe  steam 
systems.  The  more  important  of  these  advantages  are: 

1.  Quicker  response  to  the  thermostat's  call  for  heat. 

2.  System  balance — all  radiators  heat  up  simultaneously. 

3.  Definite  elimination  of  cold  rooms. 
New  No.  300  Multiport            4.  Material  reduction  in  fuel  costs. 


The  New  300  Multiport 

With  the  principle  of  large  port  fast-venting  definitely  proven,  Detroit  engineers  have 
taken  the  next  logical  step  in  the  progress  of  fast-venting.  A  step  that  carries  this' 
practice  to  the  full  limit  of  its  possibilities.  They  have  redesigned  the  No.  300  Multiport 
adding  several  new  and  very  valuable  features. 

The  new  No.  300  Arco-Detroit  Multiport  has  a  venting  capacity  even 
greater  than  the  old  No.  300,  a  greater  range  of  adjustment,  and  permits 
even,  fast  heat  delivery  as  the  burner  comes  on. 

Boiler  pressure,  in  nearly  all  cases,  need  never  exceed  a  few 
ounces — still  further  reducing  firing  cycle  and  fuel  cost.  Recommended 
only  for  automatically  fired  systems  controlled  to  a  maximum  operating 
pressure  of  3  Ib. 

Other  Important  Changes 

1.  Minimum  venting  rate  is  automatically  controlled  which  makes  it  possible  to  secure 
the  absolute  minimum  venting  rate  for  oversized  radiators  or  radiators  very  near 
thck  boiler. 

2.  A  siphon  tongue  replaces  the  old  siphon  tube  so  that  the  new  valve  can  be  used  on 
thin  radiation  without  the  siphon  conflicting  with  the  wall  opposite  the  connection. 

3.  Together  with  a  simple  adapter,  the  new  valve  can  be  used  on  installations  which 
otherwise  would  require  a  straight  shank  valve, 

4.  Dealers  and  contractors  stock  only  one  model,  that  illustrated  herewith. 

5.  New  Inner-shell  construction  prevents  both  noise  and  spitting. 

6.  Size  reduced  and  more  pleasingly  styled. 


No.  861  Arco-Detroit  Hurivent  for  Mains 


In  order  to  take  full  advantage  of  fast- 
venting,  large  port  vent  valves  are  neces- 
sary to  vent  the  mains  at  the  same  time  air 
valves  are  venting  risers  and  radiators. 
The  No.  861  has  a  full  y^  in.  port  and  has  for 
the  past  several  years  proved  its  marked 
efficiency — the  No.  861  will  vent  more  than 
260  ft  of  two-inch  main  in  the  short  period 
of  60  seconds  at  only  4  ounces  of  pressure. 

In  addition,  the  Detroit  line  includes  the 


new  No.  5000  Airid  Variport,  an  adjust- 
able large  port  valve  for  installations- 
operating  at  more  than  3  Ib.  pressure;  the 
No,  500  Airid,  an  inexpensive  non-adjust- 
able air  valve;  and  the  No.  841  Ideal  Quick 
Vent  for  mains.  For  a  vacuum  operated 
hand  fired  coal  <  job  there  is  the  No.  510 
Vac- Airid,  an  air  valve,  and  the  No.  862 
Vac-Hurivent,  and  the  No.  842  Ideal  Vac- 
Vent,  both  for  the  mains. 
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The  Fulton  Sylphon  Company 

Manufacturers  of  Sylphon  Automatic  Temperature  Controlling 
Instruments  and  Fadeless  Expansion  Joints 


Sales  Representatives 
in  Principal  Cities 


FULTOti 


Knoxville,  Tenn. 


HOT  WATER  SUPPLY 
No.  923  Temperature  Regu- 
lator— For   controlling   water 
temperature  in  heaters,  open  or 

closed  tanks  and  other  equip- 
ment. Operation  unaffected 
by  temperature  fluctuations 
at  the  valve,  either  above  or 
below  bulb  temperature.  All 
parts,  except  steel  adjustment 
spring,  made  of  non-ferrous 
metals.  May  be  installed  in 
any  position.  Ranges  from  40 
-80  F  to  290  -330  F. 
Bulletin  HVG-20. 

Sylphon  Thermostatic  Water  Mixers 

Utilize  hot  water  from  any  storage  tank 
or  instantaneous  heater,  and  effectively 
I  regulate  the 
amount  o  f 
cold  water 
required  to 
temper  it  to 
the  desired 
degree,  actu- 
ally mixing 
the  hot  and 
cold  water  to- 
gether before 
delivery. 
Temperature 
remains  con- 
stant in  spite 
of  fluctua- 
temperatures  or 


TEAAPERATURE 


No.  902  Sylphon   Thermostatic 

Water  Mixer— 14  to  131   gpm 

depending  on  water  pressure 


tions   in    supply   water 
pressures. 

Four  sizes  with  capacities  ranging  from 
5  to  131  gpm.    Bulletin  HVG-40. 

REFRIGERATION 

CONTROLS 

Adaptable  wherever  brine  is 
used  as  the  refrigerant.  Latest 
development  is  a  "freeze-proof" 
w  valve  (illustrated  at  left  on  the 
No  945-Z  popular  Sylphon  No.  945-Z  Reg- 
Re'guiator  ulator).  Bulletin  HVG-20. 

PACKLESS 
EXPANSION  JOINTS 
The  Sylphon  Fadeless  Expan- 
sion Joint  eliminates  useless 
building  height,  expensive  con- 
struction and  non-revenue  pro- 
ducing space.  No  costly  leaks 
and  repairs,  no  repacking,  always 
tight,  allows  heating  system  to 
operate  at  full  efficiency.  Write 
for  Bulletin  HVG-140. 


SPACE  HEATING  CONTROL 
No.  885  Automatic  Radiator 

Valve-  -For  exposed  radiation. 
Small,  neat,  finely  finished,  adjust- 
able to  room  temperature  desired.  Simply 
replace  ordinary  radiator  valves  with  these 
Sylphon  Automatic  Regulators  -no  wiring, 
piping  or  auxiliary  equipment  are  required. 
These  valves  answer  the  demand  for  an 
inexpensive  means  of  providing  accurate, 
dependable  space  temperature  control  in 
rooms,  sections  or  through- 
out large  buildings,  new  or 
old.  Similar  type  valves  for 
concealed  radiation  —  get 
Bulletin  HVG-80. 


Sylphon  No.  88fi 
Automatic  Radi- 
ator Valve 


Sylphon  No. 
800  Electric 
Control  Valve 
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No.  890  Electric  Radiator  Control 
Valve — For  cither  exposed  or  concealed 
radiation.  Similar  in  appearance  and 
action  to  Sylphon  Automatic  Valves,  but 
operated  by  an  electric  wall  thermostat. 
The  closing  of  the  thermostat  circuit  ener- 
gizes a  low  voltage  electric 
neater  coil  surrounding  t  a 
bulb  containing  a  volatile 
liquid.  This  liquid  expan- 
sion causes  pressure  on  a 
bellows  in  the  valve  head 
operating  the  valve.  This 
provides  radiator  valve  con- 
trol from  a  remote  location,  permits  regu- 
lation of  several  radiators  from  a  single 
thermostat,  enables  a  time  switch  to  be 
installed,  if  desired,  offers  effective  zone 
control  of  large  areas  at  a  fraction  of  the 
cost  of  conventional  motor-operated  valve 
systems.  Bulletin  HVG-70. 


No.  7  Temperature  Control—A  self- 
contained,  self-powered  regulator  for  con- 
trolling unit  heaters,  wall  or  ceiling  type 
radiators,  heating  coils 
in  duct-type  heating 
systems,  etc.  Quickly 
installed,  holds  tem- 
peratures within  close 
limits.  Valve  placed 
in  steam  line  to  one  or 
a  battery  of  heaters, 
thermostat  mounted  on  wall  or  column. 
For  use  on  regular  heating  pressures  up 
to  15  Ib.  Similar  regulators,  Nos.  7-2  and 
7-3  for  50  and  75  Ib  pressure  and  tem- 
peratures up  to  170  F.  Bulletin  HVG-50. 


Sylphon  No,  7 

Temperature  Control 

(Self-operating) 


The  Fulton  Sylphon  Company 
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HEATING  AND  AIR  CONDITIONING  CONTROL 

a  predetermined  rate  as  outside  tempera- 
tures fall. 

Sensitive — Close  operating  temperature 
differentials.  Quick  response. 

Simple — in  design. 

Rugged  Construction — To  give  years  of 
satisfactory  service. 

Adaptable — Any  one  of  many  combina- 
tions of  Sylphon  Instruments  can  be  ar- 
ranged to  control  any  air  conditioning  sys- 
tem and  to  provide  exactly  the  conditions 
desired .  Write  for  Bulletin  SA  C—820. 


Almost  any  type  of  heating,  ventilating 
or  air  conditioning  system  can  be  advan- 
tageously controlled  wholly  or  in  part  by 
Sylphon  Regulators.  Basic  advantages  of 
Sylphon  Controls  are: 

Modulating — Maintains  ideal  conditions 
— not  continually  correcting  too  hot,  too 
cold,  too  humid  or  too  dry  conditions. 

Compensating — Many  Sylphon  Regu- 
lators offer  compensating  control,  auto- 
matically raising  their  low  limit  setting  at 


The  No.  928-C  Regulator — Simple,  compact  yet 
highly  sensitive.  Suitable  for  modulating  control  of  air 
temperatures  in  ducts.  Bulb  is  constructed  of  numerous 
coils  of  copper  tubing  giving  sensitivity  to  the  slightest 
temperature  variation.  Packless  valve  eliminates  service 
problem  and  makes  this  regulator  ideal  for  installation 
in  inaccessible  locations.  Suitable  for  steam  pressures 
up  to  15  Ib ;  other  types  available  for  pressures  up  to  75  Ib. 


Regulator  OH28-C 

The  No.  928-ECC  Sylphon  Instrument— Room 

control  and  low-limit  control  in  a  single  valve  regulator 
for  modulating  control  of  ventilating  systems.  Main 
control  from  an  electric  room  thermostat  operating 
through  the  electric  head  " E"  on  the  valve.  Low-limit 
control  by  Bulb  "A"  located  in  discharge  duct  from  the 
heater.  Bulb  "D",  located  in  inlet  side  of  the  duct  to  the  heater,  compensates  Bulb 
"A".  Compensating  thermostat  can  be  furnished  to  raise  low-limit  setting  at  predeter- 
mined rate  with  falling  outside  temperature.  Suitable  for  steam  pressures  up  to  15  Ib. 


Instrument  9&8-ECC 


Sylphon  No.  971  Differential  Regulator— For  con- 
trolling room  temperature  on  the  cooling  cycle,  where 
chilled  water  or  brine  is  used  as  cooling  medium  and 
where  it  is  desired  to  have  a  gradual  increase  in  room 
temperature  as  outside  temperature  increases.  This 
regulator  is  modulating  in  action,  thereby  affords  better 
control  over  humidity  than  is  procured  when  usual  on- 
ancl-off  type  control  is  employed. 


Regulator  971 


Control  880-C 


The  Sylphon  No.  889- C  Control — A  modulating, 
dual-function  regulator  for  control  of  duct  heating  and 
ventilating  systems — two  independent  valves  in  a  single 
body. 

Adjustable  Thermostat  "A"  governing  Valve  "E" 
functions  to  maintain  room  temperature  from  tempera- 
ture of  recirculated  air.  Adjustable  Thermostat  "B" 
acts  as  a  low-limit  ductstat  controlling  Valve  "F"  to 
maintain  minimum  discharge  air  temperature.  Bulb  "D"  compensates  Bulb  "B"  to 
maintain  even  discharge  air  temperature  irrespective  of  demand.  Compensated  Therm- 
ostat "B"  can  also  be  furnished  to  raise  its  setting  at  a  predetermined  rate  with  falling 
fresh  air  temperatures,  if  desired.  Suitable  for  steam  pressures  up  to  15  Ib. 

Sylphon  No.  371  Positive  Type  Damper  Motor— 

On-ancl-off  control  of  clampers.  Operation  controlled  by 
room  thermostat,  by  hand-operated  switch,  by,  motor 
starting  switch,  etc.  Advantages  include:  (a)  motor 
returns  to  closed  or  safety  position  in  event  of  current 
failure ;  (b)  heat-motor  bulb  and  motor  separate  enhances 
convenience  of  installation;  (c)  damper  motor  lever 
adjustable;  (d)  positive,  powerful  operation, 
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Julien  P.  Friez  &  Sons 

(Division  of  Bendix  Aviation  Corporation) 


Baltimore 

Established 


Maryland 

in  1876 


Manufacturers  of  a  Complete  Line  of  Automatic  Electric  Controls  for 
Industrial  and  Comfort  Applications.  Also  a  Complete  Range  of  Recording 
and  Accurate  Measuring  Instruments  for  Indoor  and  Outdoor  Applications 


Humidstat — accurate  for 
long  periods  and  over  com- 
plete range:  double  length 
human  hair  element.  Bulle- 
tin AA. 

Thermostat  —  sensitive, 
accurate  for  highest  grade 
work.  Bulletin  TT. 

Comf  ortrol  —  effective 
temperature  Thermostat  re- 
setting itself  as  prevailing  humidity  varies, 
using  human  hair  compensating  element. 
Exclusive.  Bulletin  E. 


Hand  Aspirated  Psy- 
chrometer — replacing 
'slings',    no   whirling;   re- 
liable, immediate  reading; 
thermometers   perfectly 
ventilated  by  typical  air,  in- 
duced by  venturi  action  with 
hand  operated  bellows.    Ex- 
clusive.    Bulletin  S. 


Remote  Reading  Temperature  and 
Humidity  Recorder—Electrically  opera- 
ted; humidity  uniquely  recorded  from 
distant  location  directly  in  percent  rela- 
tive. Exclusive.  Bulletin  R. 


perature  varies. 


Windo  wsta  t  — 

placed  at  window  in- 
doors, positively  pre- 
venting condensation 
from  excess  humidity. 
Controls  humidity  sup- 
ply just  below  critical 
point  as  outdoor  tem- 
Exclttsive.  Bulletin  W. 


Portable-Recorder — 
for  surveys  or  tests  of 
humidity  and  tempera- 
ture. Inked  records  on 
charts  the  she  of  filing 
cards  (3"  x  5").  Exclusive. 
Bulletin  G. 


Microstat— Small  sized  ther- 
mostat, featuring  powerful 
Alriico  magnets.  Though  priced 
with  the  lowest,  unsurpassed  for 
accuracy  and  fine  appearance. 
Bulletin  TM. 


Magnetic  Gas  Valve — 

New  principle,  free  floating 
disc,  no  diaphragm;  quiet, 
durable;  range  of  sizes;  low 
priced,  low  voltage,  espe- 
cially suited  for  control  by 
Microstat  pictured  above. 
Exclusive.  Bulletin  VG. 


Hydraulic  Action 

A  new  and  complete  line  of 
controls  for  warm  air,  hot  water 
and  steam  systems,  industrial 
ovens,  space  heating,  air  con- 
ditioning and  refrigeration.  Per- 
manently accurate,  rugged,  at 
competitive  prices.  Bulletins 
CR,  LC  and  TS  and  Data 
Sheet  225. 


Write  for  Bulletins 
MODERN  ADVANCED   CONTROLS  FOR   MODERN  NEEDS 
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Henry  Valve  Company 

1001-19  North  Spaulding  Ave.,  Chicago,  111. 

Manufacturers  of 

Complete  line  of  Dryers,  Strainers  and  Line  Valves  for  Freon,  Methyl  Chloride 
and  Sulphur  Dioxide.     Also  Ammonia  Valves  and  Forged  Steel  Fittings. 


Balanced- Action 

Diaphragm 
Packless  Valves 


VALUE  OF  BALANCED  ACTION 

Regardless  of  operating  conditions  or  the 
differential  in  the  pressure  above  and  below 
the  valve  seat,  "balanced-action"  assures 
positive  and  instantaneous  opening.  The 
balancing  action  is  really  the  equalizing  of 
the  pressures  on  the  two  sides  of  the  valve 
seat  at  the  instant  of  opening.  This  is 
accomplished  by  a  channel  in  the  axis  of 
the  valve  stem,  When  the  valve  is  closed, 
the  upper  port  of  this  channel  is  sealed  by 
the  diaphragm  assembly  itself.  At  the 
instant  of  opening,  the  pressure  above  the 
seat  forces  the  diaphragm  assembly  up- 
ward, exposing  the  upper  port  of  the 
balancing  channel.  The  pressure  is  re- 
leased through  the  channel  to  the  region 
below  the  seat,  equalizing  the  pressures, 
thus  assuring  positive  opening.  A  spring- 
tensioned  ball  check  seals  the  channel  for 
diaphragm  inspection. 

Other  important  features  are  Ovaline 
handwheel,  ports  -  in  -  line,  non  -  rotating 
bearing  plate  to  protect  diaphragm  from 
rotating  friction  of  stem,  and  use  of  mul- 
tiple puncture  and  fracture-proof  dia- 
phragms designed  to  resist  wear  and 
corrosion.  Available  in  a  complete  range 
of  sizes  with  flare  and  solder  connections. 

ABSO-DRY 

PRESSURE  SEALED  DRYERS 

For  Refrigeration  and  Air  Conditioning 

The  exclusive  Henry  vacuum  process  first 
removes  every  trace  of  moisture,  then  the 
dryer  is  charged  with 
dehydrated  air.  Loos- 
ening a  seal  cap  prior 
to  installation  produces 
hissing  sounjd,  a  guar- 
antee of  original  fac- 
tory dryness  and  free- 
dom from  leaks. 

OTHER  FEATURES  OF  HENRY 
DRYERS— Perforated  Dispersion  tube  is 
connected  to  inlet  port  and  exposes  entire 
volume  of  dehydrant  to  penetration  by 
refrigerant.  Minimum  pressure  drop.  No 
channelling.  Compression  Spring  main- 


tains uniform  tension  on  dehydrant  at  all 
times  and  compensates  for  changes  in 
volume.  Soldered  or  Flanged  Shells — 
models  are  available  with  either  soldered 
cap  or  flanged  end  shells.  Flange  is  dis- 
tortion-proof. Shells  not  exceeding  5H  in. 
in  length  are  drawn  in  dies,  so  that  they 
have  only  one  joint. 

FOUR  DEHYDRANTS— Choice  of 
following  dehydrants  at  same  price:  Ac- 
tivated Alumina,  Calcium  Chloride,  Calci- 
um Oxide  and  Drierite.  Silica  gel  is  sup- 
plied at  a  slight  premium. 

Type  744 

Cartridge 

Dehydrator 

A  flanged  shell 
dehydrator  with  replaceable  cartridge. 


Type  712 
Dehydrator 


Soldered  brass  shell  dehydrator  with  dis- 
persion tube  and  compression  spring. 

HENRY  STRAINERS 
There  is  a  size  and  type  of  Henry  Strainer 
for  every  installation  requirement. 
Type  895  "Y"  Strainer 
With  spid- 
er fittings 
for   use 
with  cop- 
per  pipe. 
Exceptional  design. 
Welded  steel  construc- 
tion.   Negligible  pressure 
drop.  Screen  can  be  taken 
out  for  cleaning  without 
removing  strainer  from  line.    Very  large 
screen  area.  Light  weight.  Baffle  prevents 
heavy  particles  injuring  screen. 

WING  CAP  VALVES 

Designed  especially  for  Freon  and  Methyl 
Chloride.  Have  patented  rotating  self- 
aligning  stem  disc.  Special  resilent  pack- 
ing. May  be  repacked 
under  pressure. 
Wing  cap  can  be 
inverted  and  socket 
used  for  operating 
valve.  Screw  end, 
soldered  and  flanged 
connections. 


Controls  and  Instruments 


Single 
Room  Thermostat 


Johnson  Service  Company 

AUTOMATIC  TEMPERATURE  AND  AIR  CONDITIONING  CONTROL 

General  Offices  and  Factory 

Milwaukee,  Wis. 

Branch  Offices  in  all  Large  Cities 

JOHNSON  TEMPERATURE  REGULATING  Co.  OF  CANADA,  LTD.,  113  SIMCOIC  ST.,  TOUONTO,  ONT. 
HALIFAX,  N.  S.         MONTREAL,  QUE.         WINNIPEG,  MAN.         CALGAKY,  ALTA.         VANCOCVKU,  H.  C. 

PRODUCTS  AND  SERVICES 

Manufacturers,  Engineers,  and  Contractors— For  automatic 
temperature  and  humidity  control  systems  applied  to  all  types  of 
heating,  cooling,  ventilating,  and  air  conditioning  installations. 

Space  Control — Automatic  control  of  room  temperatures  and 
humidities,  applied  to  radiators,  unit  ventilators,  unit  heaters,  and 
heat  delivery  ducts.  Johnson  "Duo-Stats"  to  maintain  the  proper 
relationship  between  outdoor  and  heating  system  temperatures  _  for 
groups  of  radiators,  or  "heating  zones."  A  complete  line  of  devices 
for  automatic  control  of  air  conditioning  systems,  heating,  cooling, 
humidifying,  dehumidifying. 

Process  Control — Automatic  temperature  and  humidity  control 
devices  for  manufacturing  and  industrial  processing,  applied  to  tanks, 
dryers,  vats,  kettles,  curing  rooms,  coolers,  kilns,  etc, 

Nation-wide  Service — Johnson  sales  engineers,  technicians,  and 
trained  installation  men  are  available  at  all  branch  offices.  None  of 
the  men  in  the  nation-wide  Johnson  organization  are  agents,  jobbers, 
or  part-time  representatives.  All  are  salaried  employees,  devoting 
their  entire  efforts  to  the  interests  of  the  JOHNSON  SKUVICE  COMPANY 
and  its  customers. 

Send  for  Bulletins  describing  the  detailed  characteristics  of  any 
of  the  Johnson  devices. 

JOHNSON  THERMOSTATS 

Room  Thermostats — Intermediate  (gradual)  or  positive  (snap) 
action,  maintaining  temperatures  accurately  within  one  degree  above 
or  below  point  of  setting.  "  Dual"  (two-temperature)  and  "Summer- 
Winter"  types,  as  well  as  standard  instruments.  Various  types  of 
covers  allow  wide  selection  of  adjusting  features,  guards,  and  method 
of  mounting.  Red-reading  thermometers  with  magnifying  tube 
attached  to  each  cover. 

Insertion  and  Immersion  Thermostats — Sense  temperatures  in 
ducts,  tanks,  and  similar  locations.  High  grade  insertion  or  immersion 
thermometers  for  mounting  adjacent  to  the  thermostats,  including  the 
distinctive  Johnson  "Sunrise"  insertion  thermometer,  with  red- 
reading  mercury  column  in  heavy  lens  glass  tube  and  9-in.  scale  with 
patented  adjustable  tilting  feature. 

Extended  Tube  Thermostats — Mercury  or  vapor  tension  type, 
to  sense  temperatures  at  a  point  remote  from  the  location  of  the 
operating  mechanism.  Various  types  of  bulbs.  Connecting  tubing  up 
to  50  ft  in  length  for  vapor  tension,  75  ft  for  mercury  actuated  systems. 

Special  Thermostats — For  applications  encountered  in  industrial 
control,  including  the  "Record-O-Stat,"  combination  extended-tube 
temperature  controller  and  recorder.  Full  10-in.  chart  and  vapor 
tension  or  mercury  actuated  systems.  Single  or  duplex  type,  the 
latter  controlling  and  recording  both  wet  and  dry  bulb  temperatures. 

Remotely  Adjusted  Thermostats — A  distinctive  Johnson  feature, 
applied  to  various  types  of  instruments  where  readjustment  must  be 
accomplished  from  a  remote  point,  such  as  another  thermostat  or  a 
manual  switch. 

Johnson  Sensitivity  Adjustment — An  important  development 
in  automatic  temperature  and  humidity  control  for  air  conditioning. 


"Sylphon" 
Radiator  Valve 


Dual 
Room  Thermostat 


Room  Ilumidostat 


temperature  fluctuation  prevented.  Available  on  all  Johnson  gradual 
action  insertion  and  immersion  thermostats,  insertion  humidostats, 
and  certain  room  type  thermostats  and  humidostats. 
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Extended  Tube 
Thermostat 


JOHNSON  HUMIDITY  CONTROL 

Johnson  Humidostats — Automatically  control  the  supply  of 
moisture  delivered  by  a  humidifier  or  by  other  means,  maintaining 
a  constant  percentage  of  relative  humidity.  Available  in  both 
room  and  msertion  patterns  and  with  various  types  of  elements 
as  determined  by  requirements,  the  most  sensitive  controlling 
within  1  per  cent  at  relative  humidities  as  high  as  95  per  cent  at 
100  F.  Humidostatic  elements  are  wood-strip,  human  hair, 
animal  membrane,  or  other  suitable  substances  as  selected. 

Johnson  Humidifiers — "Steam  grid"  type  (perforated  pipe 
supplied  with  low  pressure  steam)  or  pan  type  with  copper 
evaporating  pan,  brass  heating  coils,  and  float  control. 
JOHNSON  VALVES 

Johnson  Diaphragm  Valves— Simple  and  rugged.  Seamless 
metal  bellows  and  heavy  spring  operate  the  valve  stem.  Avail- 
able, if  desired,  with  diaphragms  of  special  molded  rubber, 
resistant  to  aging,  heat  deterioration  and  oxidation.  No 
complicated  moving  parts.  Made  in  all  standard  sizes  and 
patterns.  Direct  acting  (normally  open)  or  reverse  acting 
(normally  closed).  Also,  three-way  mixing  and  by-pass  valves. 
For  steam,  water,  brine,  and  freon. 

Johnson  " Streamline"  Diaphragm  Valves — Modulating 
discs  and  special  internal  construction,  insure  superior  gradual 
control  .  .^ .  Where  maximum  power  is  required  for  repositioning 
at  the  slightest  demand  of  controlling  instruments,  Johnson 
molded  rubber  diaphragm  valves  are  fitted  with  Johnson's 
dependable  pilot  feature,  for  smooth  gradual  operation,  inde- 
pendent of  friction  and  pressure  variations. 

JOHNSON  DAMPERS  AND  SWITCHES 

Standard  Johnson  Dampers—Steel  blades  in  flat  steel 
frames  with  adequate  bracing  to  form  a  rigid  assembly.  Finished 
in  two  coats  of  black  lacquer.  Special  corrosion-resisting  finishes 
on  order.  Angle  iron  frames  optional.  Special  Dampers — 
Galvanized  iron,  monel  metal,  aluminum,  copper,  rust-resisting 
steel,  etc.  Brass  pins  in  steel  bearings  or  ball  bearings. 

Johnson  Damper  Motors — In  principle,  similar  to  valves, 
Seamless  metal  or  specially  molded  rubber  diaphragm  operates 
clamper  through  suitable  linkage.  Various  types  of  brackets. 
Distinctive  Johnson  "Piston-type"  damper  motors  afford  long 
travel  at  full  power,  a  feature  not  found  in  other  such  devices. 
With  or  without  pilot  mechanism,  as  described  above  under 
"Valves." 

Johnson  Pneumatic  Switches — Various  patterns  for  oper- 
ation of  dampers  and  for  placing  thermostats  and  other  devices 
in  and  out  of  service,  as  required,  from  remote  points.  Standard 
switchboards  are  oiled  slate.  Ebony  asbestos,  polished  oak,  and 
genuine  or  imitation  marble  on  order. 


Remotely  A  djusted 
Duel  Thermostat, 


•"   « 


Modulating  Attachment 
for  Expansion  Valves 


Rubber  Diaphragm 
Coil  Valve 


Louvered  Damper 
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Velometer  with  averaging 
jet  used  for  checking  veto 
city  from  supply  grille. 


Illinois  Testing  Laboratories,  Inc. 

422  N.  LaSalle  Street,  Chicago,  Illinois 
TESTING  ENGINEERS  AND  MANUFACTURERS 

Pyrometers— Portable—Wall  Type— Surface  Temperatures 

Distant  Reading  Resistance  Thermometers 
Automatic  Temperature  Controllers—Air  Velocity  Meters 

"ALNOR"  VELOMETER 

The  Only  All- Pur  pose  Air  Velocity  Meter 

The  Velometer  is  a  versatile  direct  reading  air  velocity 
meter  which  gives  instantaneous  readings  of  the  speed  of  air 
measured  in  feet  per  minute. 

Anyone  can  use  the  Velometer.  No  mathematical  calcu- 
lations, no  leveling — no  timing. 

As  its  movement  is  actuated  by  the  pressure  or  impact  of 
the  air  against  a  swinging  vane,  it  is  essentially  a  pressure 
instrument — thus  it  can  be  scaled  to  not  only  read  velocities 
directly,  but  also  to  read  static  or  total  pressures  when  using 
suitable  jets. 

Not  only  is  the  Velometer  ideal  for  measuring  duct  Veloci- 
ties and  pressures,  velocities  at  grilles  or  registers  it  also 
offers  a  convenient  and  satisfactory  instrument  for  checking 
drafts,  leaks  around  doors  or  windows  or  in  ducts,  velocities 
of  ceiling  outlets  and  similar  air  cliff  users. 

Made  in  standard  ranges  for  velocity  readings  from  20  fpm 
to  6000  fpm  and  3  in.  static  or  total  pressure.  Special  ranges 
available  as  low  as  10  fpm  and  up  to  24,000  fpm  velocity 
and  20  in.  pressure. 

Jets — Several  standard  jets  are  offered  providing  a 
wide  application. 

Spot  jets — for  velocities  over  very  small  areas. 

Averaging   jets — for   obtaining   average  velocities 
over  a  definite  area  or  grille  face. 

Duct  jets — for  determining  velocities  directly  within 
ducts  or  pipes. 

Static  pressure  jet — for  static  pressures  in  inches 
of  water. 

Total  pressure  jet — for  total  pressure   in  inches  of 
water. 

Other  jets — Standard  jets  offered  in  several  lengths 
and  sizes. 

Special   jets — can  be  designed  for  unusual  appli-      to  read  low  velocities  without  jets. 
cations. 

Ask  for  Bulletin  No.  2448-D 

" ALNOR"  DISTANT  READING  ELECTRIC  THERMOMETERS 

The  use  of  "Alnor"  multi-point  resistance  type  thermometers 
is  rapidly  increasing  in  air-conditioning,  as  well  as  for  heating 
and  refrigerator  installations. 

The  instrument  can  be  located  in  the  machinery  room  or  boiler 
room  with  the  elements  located  on  various  floors  in  any  part  of  the 
building,  or^  outdoors,  thus  providing  the  engineers  with  constant 
and  convenient  temperature  readings. 

"Alnor"  thermometers  are  made  in  several  styles  and  sizes, 
both  portable  and  mounted  types. 

Ask  for  Bulletin  No.  2451-A 
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View  shows  how  instrument  is  used 


"Alnor"  round  type 
multi-point  resist- 
ance thermometer 
with  built-in  switch. 


Controls  and  Instruments 


Leeds  &  Northrup  Company 

General  office  and  works:  4941  Stenton  Avenue,  Philadelphia,  Pa. 


Branch  Offices: 


BOSTON 
BUFFALO 
CHICAGO 
CINCINNATI 


CLEVELAND 

DETROIT 

HARTFORD 


HOUSTON 
Los  ANGELES 
NEW  YORK 


PITTSBURGH 
ST.  Louis 
SAN  FRANCISCO 
TULSA 


RUGGED,  ELECTRICAL-BALANCE  INSTRUMENTS 


Model  S  Micromax  Recorder 
Records  from  1  to  16  points  on  a  single  strip- 
chart.     Extremely  open  record.     Can  operate 

signals.    (About  1/lSth  size) 


Model  R  Micromax  Recorder 
Records  1  or  £  voints  on  a  round- chart. 
Has  extremely  readable  dial.    Can  operate 

signals.  (About  I/ 15th  size) 


Panel  Indicator 
Hand-operated.       Can     be 
connected    through    selector 
switches  to  any  number  of 
points.    (About  1/Mh  size) 


Electrical  Thermometers  for 
Air  Conditioning 

No  method  for  measuring  temperatures 
fits  the  specific  needs  of  air  conditioning  as 
does  the  three-lead,  null-type  resistance 
thermometer  method.  It  is  independent 
of  distance  and  disregards  all  temperatures 
except  those  right  at  points  of  measure- 
ment. Thermohms  (electrical  resistance 
thermometers)  can  be  placed  anywhere — 
in  rooms,  air  ducts  or  water  lines.  They 
are  connected  by  simple  electrical  wiring 
to  instruments  at  a  central  location. 
Instruments  maybe:  Micromax  Recorders, 
Model  S  for  up  to  sixteen  Thermohms, 
Model  R,  for  related  pairs  such  as  wet 
and  dry  bulb;  indicators  with  switches  for 
any  number  of  Thermohms;  or  indicating 
and  recording  combinations. 

Sound  _  in  principle,  this  equipment  is 
reliable  in  operation.  Instruments  and 
Thermohms  are  highly  responsive,  yet 
rugged  in  construction.  A  complete  system 
is  easy  and  economical  to  install,  regardless 
of  distances.  It  is  easy  to  operate  and 
demands  minimum  maintenance.  Therm- 
ohms  and  instruments  are  interchangeable, 
and  can  be  replaced  without  disturbing 
wiring  or  returning  anything  to  the  factory. 

L&N  Resistance  Thermometers  make  it 
possible  to  operate  efficiently;  to  maintain 
comfort  or  correct  process  atmosphere  con- 
stantly ...  so  that  maximum  return  is 
realized  on  the  conditioning  investment. 
JrlAd-N-225(2) 


Electrical  Instruments  for  the 
Steam  Plant 

The  facts  needed  to  operate  a  modern 
heating  plant  so  as  to  save  fuel,  to  protect 
equipment,  and  to  operate  efficiently  at 
varying  loads  are  provided  reliably  by 
rugged  L&N  instruments.  Readings  can 
be  indicated  or  recorded  or  both.  Re- 
corders can  be  equipped  to  operate  signals 
or  alarms  that  warn  the  operator  of 
extreme  conditions.  In  some  cases  the 
instruments  control  automatically. 

Micromax  Model  S  provides  a  per- 
manent record  of  conditions  at  from  1  to 
16  points  on  one  wide-scale  chart.  Micro- 
max Model  R  concentrates  on  conditions 
at  one  point,  provides  a  permanent  record, 
has  a  giant  indicating  dial  that  can  be 
read  at  a  glance.  A  Panel  Indicator  pro- 
vides intermittent  checks  on  conditions 
at  one  or  several  points. 

In  the  heating  plant,  L&N  measuring, 
signalling  or  controlling  equipment  is 
used  for: 

Metermax  Combustion  Control 

Furnace  Pressure  Control 

Smoke  Density  Analysis 

Flue  Gas  Analysis  (Percent  CC^) 

Flue  Gas  Temperatures 

Steam  and  Water  Temperatures 

Boiler-Furnace  Temperatures 

Electrolytic  Conductivity  of  Water 
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The  Mercoid  Corporation 

COMPLETE  LINE  OF  AUTOMATIC  CONTROLS  AND  MAGNETIC 
VALVES  FOR  HEATING  AND  AIR  CONDITIONING 


Main  Office  and  Factory 

4201  BELMONT  AVE.,  CHICAGO,  ILL. 

Distributors  and  Jobbers 

in  all  Principal  Cities 


Branch  Offices 

NEW  YORK,  N.  Y.,  330  W.  34th  St. 

PHILADELPHIA,  PA.,  3137  N.  Broad  St. 

BOSTON,  MASS.,  839  Beacon  St. 


Mercoid  Controls  are  noted  for  their  accuracy,  trouble-free  service  and  long  life.  They 
are  equipped  exclusively  with  sealed  mercury  contact  switches — the  switch  that  cannot 
be  affected  by  dust,  dirt  or  corrosion.  See  Mercoid  catalog  No.  400AS  showing  the 
complete  line  with  detailed  description. 


SENSATHERM 

A  very  sensitive  low  voltage 
room  thermostat.  Operates  on  a 
total  differential  of  1  deg  F. 
Various  other  types  available: 
Two-stage  Sensatherm  offering 
new  possibilities  in  connection 
with  oil  burners,  stokers,  gas 
burners,  refrigeration,  air  con- 
ditioning and  unit  heater  equipment.  Dual 
Sensatherms  for  heating  and  cooling. 

TRANSFORMER-RELAY 

A  noiseless  low  voltage 
mercury  contact  relay 
which  also  acts  as  a  trans- 
former inducing  low  voltage 
(24  volts)  on  the  pilot  cir- 
cuit. Recommended  for 
oil  burners,  stokers,  coal 
blowers,  unit  heaters,  air 
conditioning  equipment,  etc. 

PRESSURE  AND  TEMPERATURE 
LIMIT  CONTROL 

These  instruments  are  of 
proven  reliability  and 
long  life.  The  outside 
double  adjustment  with 
calibrated  dial  is  a  time 
saving  feature  when 
making  adjustments. 
Available  for  steam,  hot 
waterandwarm  air. 

VISAFLAME 
The  Mechanical  Eye  Actuated  by  Light 

A  control  system  for  direct 
burner  mounting.  It  represents 
a  decided  improvement  in  oil 
burner  safety  control.  Operates 
direct  from  the  light  of  the  flame 
instead  of  from  the  heat  in  the 
stack.  Used  in  conjunction  with 
the  K-2-I  panel  unit  for  inter- 
mittent burners  and  the  K-2  for  constant 
ignition  burners. 


COMBINED  PRESSURE  AND 
LOW  WATER  CONTROL 

Type  DA-131Q  pre- 
vents firing  into  dry 
boilers  and  guards 
against  building  up  ex- 
cess steam  pressure. 
Has  quick  hook-up  fit- 
tings designed  in  accord 
with  the  A.  S.  M.  E.  - 
Code.  Instead  of  a 
packing  gland,  a  flexi- 
ble diaphragm  is  used 
which  eliminates  stick- 
ing or  erratic  operation.  Has  outside 
double  adjustments.  Other  types  of  low 
water  and  boiler  water  feed  pump  controls 
available. 


OIL  BURNER  SAFETY  AND 
IGNITION  CONTROL 

Type  JMI  provides  posi- 
tive protection  against 
flame  or  ignition  failure 
on  intermittent  ignition 
oil  burners.  This  control 
insures  having  ignition 
circuit  closed  before  every 
starting  operation  of 
burner.  Type  JM  is  used 
for  constant  ignition 
burners. 

STOKER  TIMER  CONTROLS 

Type  THV  Stok-A-Timer 
maintains  fine  during 
periods  when  thermostat 
does  not  call  for  heat.  Has 
heat  motor  which  operates 
a  gearless  mechanism 
having  but  one  rotating 
member  that  turns  at  rate 
of  1  rprn.  The  slow  oper- 
ating speed  is  a  feature  which  reduces  wear 
and  tear. 
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Minneapolis-Honeywell  Regulator  Company 

2711  Fourth  Ave.,  So.,  Minneapolis,  Minn.     Cable  Address:  MINNRKG,  MINNEAPOLIS 
Electric  or  Pneumatic  Control  Systems  for 

Heating,  Ventilating,  Air  Conditioning 
BROWN  INSTRUMENTS  for  Indicating,  Recording,  Controlling 

Factories:  MINNEAPOLIS,  MINN.,  PHILADELPHIA,  PA.,  WABASH,  IND.,  CHICAGO,  ILL. 
Branch  Offices  or  Distributors  are  located  in  all  principal  cities. 


ALBANY,  N.  Y. 

DALLAS 

HOUSTON 

NEW  YORK 

SAN  ANTONIO 

ALLENTOWN 

DAVENPORT,  IA. 

INDIANAPOLIS 

OKLAHOMA  CITY 

SAN  FRANCISCO 

ATLANTA 

DAYTON 

JACKSON,  Mien. 

OMAHA 

SCRANTON 

BALTIMORE 

DENVER 

KALAMAZOO 

PEORIA 

SKATTLIC 

BIRMINGHAM 

DES  MOINES 

KANSAS  CITY 

PHILADELPHIA 

Sioux  FALLS,  S.  D. 

BOSTON 

DETROIT 

Los  ANGELES 

PITTSBURGH 

SPRINGFIELD,  MASS. 

BRIDGEPORT,  CONN. 

EAST  ORANGE 

LOUISVILLE,  KY. 

PORTLAND,  ME. 

SYRACUSE 

BUFFALO 

EAU  CLAIRE,  Wis. 

LOWELL,  MASS, 

PORTLAND,  ORE. 

TOLEDO 

BUTTE 

EL  PASO,  TEXAS 

MASON  CITY,  IOWA 

PROVIDENCE 

TULSA 

CHARLOTTE,  N.  C. 

FAIRHAVEN,  MASS. 

MILWAUKEE 

RICHMOND,  VA. 

WASHINGTON,  D.  C. 

CHICAGO 

FARGO,  N.  D. 

MINNEAPOLIS 

ROCHESTER,  N.  Y. 

WICHITA 

CINCINNATI 

HARTFORD 

NASHVILLE 

ST.  Louis 

WORCESTER,  MASS. 

CLEVELAND 

HARRISBURG,  PA. 

NEW  ORLEANS 

SALT  LAKE  CITY 

YQUNCJSTOWN 

COLUMBUS 

In  Canada:    MONTREAL,  TORONTO,  CALGARY,  VANCOUVER,  LONDON,  WINNIPEG 
In  Europe:    AMSTERDAM,  HOLLAND;  LONDON,  ENGLAND;  STOCKHOLM,  SWICDKN 


AUTOMATIC  CONTROLS  FOR  EVERY  APPLICATION 

Minneapolis-Honeywell  is  ready  to  assume  the  complete  responsibility  for  the  supply 
and  installation  of  automatic  controls  and  instruments  specified  for  any  building  that  you 
design.  M-H  serivce  is  complete.  Through  our  nationwide  organization,  we  are  pre- 
pared to  make  complete  installation,  supervise  installation,  provide  periodic  service  or 
supply  control  equipment.  Minneapolis-Honeywell  can  offer  unbiased  advice  on  your 
control  requirements — manufacture  and  install  complete  electric  control  systems, 
complete  pneumatic  control  systems,  or  a  combination  of  the  two. 

Each  Minneapolis-Honeywell  office  maintains  a  factory  trained 
personnel.  Your  Minneapolis-Honeywell  office  will  be  glad  to  furnish 
you  with  recommended  control  layouts  and  cost  estimates. 

Any  Minneapolis-Honeywell  Office  will  recommend  a  control  sys- 
tem before  installation  of  equipment  to  produce  control  results  after 
the  installation  has  been  completed. 


THE  MODUTROL  SYSTEM  OF 
ELECTRIC  CONTROL 

.The  Modutrol  System  designation  is  applied  to  any  combination 
of  Mmneapolis-Honeywell  Automatic  Electric  Controls  or  Self- 
contained  Automatic  Valves  used  to  govern  the  operation  of  air 
conditioning  or  heating  systems  other  than  the  small  domestic  instal- 
lations. A  wide  variety  of  both  modulating  and  two  position  motors, 
controllers  and  valves  are  available  thus  making  the  Modutrol 
System  extremely  flexible  as  to  the  selection  of  control  equipment 
to  produce  the.  desired  results. 

Complete  electric  control  systems  are  available  for  those  instal- 
lations where  precise,  flexible  and  dependable  results  are  required. 
Electric  controls  of  the  Modutrol  System  provide  a  dependable 
means  of  effecting  modulation  through  the  use  of  the  "Series  90 lr 
control  circuit. 


Modulating 
Motorized  Valve 


954- 


MinneapoliS'Honeywell  Regulator  Co, 


Controls  and  Instruments 


"Graduslal" 
Pneumatic  Thermostat 


Gradulrol  Motor  and  Damper 


Brown  Recording  Thermometer 
and  Pressure  Gauge 


THE  GRADUTROL  SYSTEM  OF 
PNEUMATIC  CONTROL 

The  Gradutrol  System  designation  is  applied  to  any 
combination  of  Minneapolis-Honeywell  Automatic  Pneu- 
matic Controls  used  to  govern  the  operation  of  air  con- 
ditioning or  heating  systems.  Such  features  as  infinite 
positioning  with  the  Gradutrol  Relay  and  accurate 
graduation  of  valve  and  damper  motor  makes  the 
Gradutrol  System  a  truly  remarkable  advance  in  pneu- 
matic control  of  commercial  air  conditioning  and  space 
heating  installations. 

COMBINATION  ELECTRIC  AND 
PNEUMATIC  SYSTEMS 

The  outstanding  advantages  of  both  the  electric  Modu- 
trol  System  and  pneumatic  Gradutrol  System  of  control 
may  be  combined  in  a  single  installation.  Thus  maximum 
flexibility  and  low  installation  cost  are  obtained.  Minne- 
apolis-Honeywell can  offer  either  an  electric  or  pneumatic 
system,  or  a  combination  of  the  two.  This  is  your  guaran- 
tee of  an  unprejudiced  recommendation, 

BROWN  INSTRUMENTS 

The  extent  to  which  air  conditioning  equipment  is 
being  used  in  office  buildings,  theatres,  stores,  industrial 
buildings,  etc.,  has  opened  up  a  wide  demand  for  indicating 
and  recording  resistance  thermometers  because  the  temp- 
eratures throughout  these  air  conditioning  systems 
should  be  checked  periodically  in  order  to  obtain  the  best 
results  at  minimum  operating  cost.  To  obtain  uniform 
conditions  from  modern  equipment,  it  is  necessary  that  the 
engineer  in  charge  of  operation  have  a  visual  picture  of 
actual  conditions. 

Brown  Resistance  thermometers  are  available  for  in- 
dicating, recording,  and  controlling  service  and  are 
applicable  to  all  types  of  air  conditioning  and  space 
heating  installations. 

In  addition  to  Resistance  Thermometers,  The  M-H 
Brown  Instrument  Division  manufactures: 


Thermometers 
Hygrometers 
Pressure  Gauges 
Vacuum  Gauges 
Potentiometer  Pyrometers 


Flow  Meters 
C02  Meters 
Tachometers 
Liquid  Level  Gauges 
Protectoglo  System 


Brown  Recording  Resistance  Thermometer 


RESPONSIBILITY  FOR  ENTIRE 
CONTROL  SYSTEM 

Minneapolis-Honeywell  Regulator  Co.  is  equipped 
to  assume  the  entire  responsibility  for  any  control 
installation,  thereby  eliminating  the  difficulties  and 
misunderstandings  which  division  of  responsibility 
may  create. 
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The  Palmer  Company 

Main  riant:  2506  Norwood  Ave.,  Cincinnati  (Norwood),  Ohio 

Canadian  Factory:    King  and  George  Sts.,  Toronto 
Manufacturers  and  Originators — "Red-Reading-Mercury'1  Thermometers 


RECORDING  THERMOMETERS 

Mercury  Actu- 
ated. 12  in.  die- 
cast  aluminum 
case.  Wrinkle  or 
Satin  finish.  All 
parts  arc  rust- 
proof. Flexible 
armoured  tubing 
and  bulb  of  stain- 
less-steel. Fit- 
tings :  Plain, 
Union,  Separable- 
socket  and  adjust- 
able  or  union 
flange.  All  ranges 
up  to  1000  F  or 
550  C.  Guaranteed  extremely  accurate 
and  sensitive.  Every  part  strengthened 
for  long  and  satisfactory  service.  Write 
for  Bulletin  No.  1800. 

DIAL  THERMOMETER 

Mercury  Actu- 
ated. 8  in.  case. 
Black  rubberized 
finish.  Flexible 
armoured  tubing 
and  bulb  of  stain- 
less-steel. All  parts « 
are  rust-proof.  Fit- 
tings: Plain,  Union, 
Separable-socket 
and  Adjustable  or 
Union  flange.  All 
ranges  up  to  1000  F 
or  550  C.  Guaran- 
teed sensitive  and 
accurate  and  to  give  long  and  satis- 
factory service.  Write  for  Bulletin 
No.  1500. 


WALL 

HYGROMETER 
and  SLING 
PSYCHROMETER 

Wet  and  Dry 
bulb;  Mercury 
tube,  with  RED 
column.  Chart 
furnished.  Guar- 
anteed sensitive 
and  accurate. 
Send  for  Bulletin 
No.  500. 


"RED-READING-MKRCURY" 

Industrial  Thermometers — 
These  mercury  tubes  will  show 
a  bright  RED  color,  visible  at 
a  great  distance.  The  color  is 
reflected  and  cannot  fade. 
(Patented  by  Palmer).  Thor- 
oughly annealed  and  guaran- 
teed permanently  accurate. 
Costs  no  more.  STRAIGHT, 
ANGLE,  SIDE  -  ANGLE, 
RECLINING  AND  IN- 
CLINING Case,  OBLIQUE 
STEM,  etc.  7,  9  and  12  in. 
ca.se,  with  or  without  glass 
front.  Standard  3J/£  in.  stem 
and  longer  lengths.  Fittings: 
Fixed  Thread,  Union,  Sepa- 
rable-socket and  Adjustable 
or  Union  Flange,  All  ranges 
up  to  750  F  or  400  C.  For 
ranges  up  to  1000  F  or  550  C, 

with  plain  mercury  tube,  borosilicate  glass. 

Write  for  Catalog  No.  800- F. 

REPAIRS — To  all  makes  of  Industrial 
Mercury  Thermometers,  furnishing  "  Red- 
Reading-Mercury"  tube,  at  no  extra  cost 
and  replacing  all  worn  or  broken  parts, 
making  the  thermometer  as  good  as  new. 
Guaranteed  accurate.  A  trial  order  will 
convince  you. 

LABORATORY  THERMOMETERS 

Glass    engraved    mercury    tube;   show 
bright  RET)  column  ...  so  easy  to  see. 
With  or  without  metal  armour;  Round 
or  Lens  glass;  ranges 
to  750  F.  or  400  C. 
Plain   mercury  tube 
borosilicate  glass 
on    ranges    1000    F. 
or  550  C.    Correctly 
annealed   and  guar- 
teed  accurate. 


POCKET    THER- 
MOMETERS  ...    for 

quick  tests.  Reliable 
and  accurate.  With 
RED  column. 

-  20  +  120  F. 
0  +  220  F. 


Write  for  Catalog  No. 
SOO-D. 
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Penn  Electric  Switch  Co. 

Goshen,  Indiana 

Offices 

NEW  YORK,  BOSTON,  PHILADELPHIA,  DETROIT,  DAYTON,  CHICAGO,  MOLINE  (ILL.),  ST.  Louis,  ATLANTA 
Export— 100  Varick  St.,  NEW  YORK  CITY 

Representatives — GARLAND-AFFOLTER  ENGRG.  CORP.,  San  Francisco,  Los  Angeles,  Seattle,  Portland; 
SPECIALTY  SALES  Co.,  Salt  Lake  City;  FORSLUND  PUMP  AND  MACHINERY  Co.,  Kansas  City; 

VINCENT  BRASS  AND  COPPER  Co.,  INC.,  Minneapolis;  D.  J.  BOWEN,  Dallas. 

IN  CANADA— POWERLITE  DEVICES  LTD.,  PENN  ELECTRIC  SWITCH  Div.,  TORONTO,  ONT. 

Distributors  and  Jobbers  in  All  Principal  Cities 

Automatic  Controls  for  Heating,  Refrigeration, 
Air    Conditioning,    Pumps,    Air    Compressors 


Cut-offs  and 
Feeders 


Temperature 

and  Humidity 

Controls 

For  control  of  tempera- 
tures and  humidity  in 
heating,  cooling  and  air 
conditioning  equipment.  Humidistat 


Combustion 

Controls 
for  all  Fuels 

For  automatic  fuel  burn- 
ing equipment,  and  for 
stack  combustion  control. 


Boiler 

and  Furnace 
Controls 

For  feed  water,  steam  pres- 
Steam  Pressure    sure,  liquids  and  warm  air. 

Controls 


Many  Others 

For  control  of  refrigerants, 
water  and  air;  and  for 
pumps  and  compressors. 


Liquid    Immer- 
sion  Tempera- 
ture Controls 


Refrigeration 

Compressor 

Controls 


Water  and 
Refrigerant 
Solenoids 


Water  Valves 


Pump   and  Air 

Compressor 

Controls 


Write  for  catalog  on  Penn  Controls  to 
cover  your  particular  applications,  or 
'phone  the  nearest  Penn  office  or  repre- 


sentative. Penn  engineers  always  are 
available  for  consulation  on  control  prob- 
lems, without  obligation,  of  course. 


Penn  control  engineers  have  simplified  design  and 
production  problems  for  others!    Let  them  assist  you. 
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THE  POWERS  REGULATOR  Co. 

50  Years  of  Specialization  in  Temperature  and  Humidity  Control 
OHices  in  47  Cities  —  See  your  phono  directory. 


General  EUHUTH  Oflic<> 
231  EuHt  46th  St.,  Now  York  City 


Birmingham 
Boston 
'Buffalo 


<;«'iiorul  OHIO'S  and  Fiu-lory 
2720  <;iwnvi«>w  Avt'.,  <;ii(<>uK<»t  111. 


Tin-  < 


Mill* 

tulidu 

>iw  MoiiiM 
Entt 

Idiuilulii 
loimloii 

MHHIllw 
MiUnukci> 

IBSSiiM 

PRODUCTS— A  very 
complete  line  of  com- 
pressed air  operated 
and  self-operating  tem- 
perature, humidity  and 
air  flow  controls  for 
automatically  regulat- 
ing heating,  cooling, 
ventilating  and  air 
conditioning  systems  and  industrial 
processes. 

A  complete  line  of  self-operating 
and  compressed  air  operated  valves 
and  regulators  made  for:  Control- 


steam    heated 
hot    water     heaters 
*|f  and  submerged  type 

*JL  heaters;    and    for 

*"  automatically  mixing 

hot  and  cold  water 
or  steam  and  cold 
water  delivering  a 
mixture  at  a  pre- 
determined temperature.  Dial 
Indicating  and  Recording  Ther- 
mometers. Thermometer-Regulators, 
High  pressure  steam  traps  and  pres- 
sure reducing  valves. 


Powers  Compressed  Air  Operated  Apparatus 
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Compressed  Air  Operated  Apparatus — Continued 


Three  of  the  Many  Types  of  Powers  Self-Operating  Regulators 


POWERS  ENGINEERING  SERVICE 


As  the  accurate  performance  of  a  heat- 
ing, cooling,  ventilating  or  an  air  condi- 
tioning system,  or  an  industrial  process  is 
so  dependent  upon  its  automatic  control 
equipment,  and  as  the  cost  of  such  control 
is  but  a  fraction  of  the  entire  system,  the 
use  of  the  proper  type  of  regulation  is 
always  sound  economy, 

To  secure  the  maximum  return  on  the  in- 
vestment in  automatic  control  equipment, 
it  is  exceedingly  important  that  proper 
selection  of  control  apparatus  be  made 


when  each  installation  is  being  planned. 

Forty-nine  years  of  experience  in  fur- 
nishing and  installing  temperature  and 
humidity  control  for  every  conceivable 
purpose  in  all  types  of  buildings  have  given 
us  a  wealth  of  experience  from  which  you 
can  draw  in  selecting  the  proper  type  of 
control  for  any  purpose. 

CATALOGS  AND  BULLETINS  de- 
scribing any  or  all  of  our  products  fur- 
nished upon  request.  Phone  or  write  our 
nearest  office.  See  your  phone  directory, 
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Simplex  Controls 

Division  of  The  Herbu$ch  Corporation 

706  Chestnut  St.  St.  Louis,  Mo, 


THE  NEW  ELECTRIC  FILTER  WATCHMAN 

This  announcement  in  vitally  important  to  every 
purchaser,  operator  anil  owner  of  air  conditioning  equip- 
inent;  where  filters  arc  employed  for  diint  removal.  The 
air  delivery  and  the  rated  capacity  of  heating  or  cooling 
equipment  are  based  upon  reasonably  clean  fitters.  The 
importance  of  keeping  filters  clean  is  fully  recognized  by 
manufacturers  and  engineers  because  air  delivery  falls 
off  in  proportion  to  the  dust  accumulation  and  oper- 
ating costs  also  increase  proportionately. 


The  new  Electric  Filter  Watchman 

is  a  simple  device  which  gives  a  visible  re- 
minder by  a  warning  signal  light  on  the 
outside  of  the  air  conditioning  unit  when 
it  is  time  to  clean  or  replace  filters.  At 
moderate  cost  it  is  possible  to  provide 
positive  assurance  that  a  comfort  air  con- 
ditioning or  a  forced  warm  air  heating 
system  is  giving  the  performance  guaran- 
teed by  the  manufacturer. 

filters  that  are  somewhat  inaccessible 
will  not  be  forgotten  when  the  new  Electric 
Filter  Watchman  is  on  the  job  and  the 
operating  cycle  for  the  compressor  or  the 
gas  or  oil  burner  will  be  less  frequent  and 
will  save  many  times  the  cost  of  the 
Electric  Filter  Watchman. 

The  Electric  Filter  Watchman  is 
rapidly  becoming  standard  equipment  for 
many  well  known  air  conditioning  units  and 
is  recognized  as  an  essential  device  to  assure 
continuous  and  satisfactory  performance. 
Clean  niters  of  the  average  throw-away 
type  offer  a  resistance  of  only  i/f0  to  >f  0 
inches  S,  P.  but  30  clays  of  service  in  many 
localities  increases  the  resistance  from  % 
to  }4  inches  S.  P.  (See  chart  in  Chapter  28 
for  change  in  Resistance  Due  to  Dust 
Accumulation.)  A  few  of  the  important 
industrial  users  of  the  Electric  Filter 
Watchman  are: 

C.  G.  Conn.,  Ltd. 
Eastman  Kodak  Co. 
General  Electric  Co. 
Radio  Station  WHAS 
Sears  Roebuck  &  Co. 
Southwestern  Bell  Telephone  Co. 
S.  H.  Kress  Company. 
Western  Electric  Company. 
Gelatine  Products  Co. 


Wheeling  Steel  Corp, 
WestinghoiiHc  Mfg.  Corp, 

Chesapeake  &  Potomac  Telephone  Co. 

Engineers  should  include  provision  For 
the  ( Electric  Kilter  Watchman  in  their 
specifications  and  should  strongly  empha- 
size to  the  owner  the  economy  ol  reduced 
operating  costs  and  better  «yt$tem  per- 
formance of  the  air  conditioning  or  forced 
circulation  warm  air  heat  ing  plant.  Owners 
and  operators  of  exmting  p hint  a  Bhould 
apply  the  Electric  Miter  Watchman  im- 
mediately and  effect  immediate  flavingt*. 
The  Electric  Filter  Watchman  will  nay  For 
its  low  cost  quickly  and  serve  indefinitely. 
Send  for  bullet inB  on  construction  details 
and  inalructionH  for  iiwtallation  and  oper- 
ation of  the  new  Electric  Kilter  Watchman, 

HOW  IT  OPERATES 

The  Electric  Filter  Watchman  m 
mounted  outside  of  the  air  conditioning 
housing  any  place  between  the  filter  and 
the  blower,  A  %  inch  hole  is  drilled  in  the 
housing  and  the  metal  tube  of  the  Filter 
Watchman  is  inserted.  One  connection  is 
then  made  to  the  fan  aide  of  the  filter 
beginning  on  the  upstream  side  by  means 
of  rubber  tubing  so  that  the  pressure  drop 
across  the  filter  bank  actuates  the  electric 
signal  at  a  pre-set  point.  Setting  can  he 
made  for  any  pressure  encountered  in  the 
air  conditioning  field.  The  Electric  Filter 
Watchman  is  primarily  an  indestructible 
bellows,  operating  by  contact  a  simple 
warning  light,  No  adjustments  are  neces- 
sary and  there  is  nothing  to  get  out  of 
order.  t  It  will  serve  for  the  life  of  the  air 
conditioning  system  and  beyond. 
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Spence  Engineering  Company,  Inc. 

28  Grant  Street,  Walden,  N.  Y. 

"DEAD  END"  REGULATORS 

Advantages  of  Spence  Regulators 


Dead-end  Shutoff  -Spence  Regulators 
are  guaranteed  to  hold  a  dead-end, 

Single  Seat  -  •  Spence  design  makes 
possible  a  balanced  single  seat  even  in 
large  sixes. 

Metal  Diaphragms  Under  normal 
conditions  never  require  replacement. 

Accurate  Regulation  -Regardless  of 
fluct  uat  ions  in  either  load  or  initial  pressure. 


SECO  Metal—  Guaranteed  to  resist  the 
wiredrawing  action  of  steam. 

Interchangeable  Pilots—  Any  type  of 
pilot  will  fit  any  size  main  valve. 

Accessibility  —  Pilot  is  connected  to 
main  valve  with  unions. 

No  Stuffing  Boxes  —  All  main  valves 
and  most  pilots  are  packless. 


Spence  Weather  Compensator  and  Orifice  Zone  Control  System 

This  simple,  dependable  Control, 
when  installed  on  a  properly  de- 
signed orificed  heating  system,  will 
show  a  substantial  degree-day  steam 
saving,  at  a  low  maintenance  cost. 

The  delivery  pressure  of  the 
Regulator  is  automatically  adjusted 
in  direct  proportion  to  the  building 
heat  losses.  In  other  words,  as  the 
losses  become  greater,  steam  pres- 
sure on  the  system  is  automatically 
increased. 

Any  number  of  zones  can  be  con- 
trolled by  one  automatic  Signatrol, 
automatic  Wind  Loss  Compensator 
(Anemometer),  Time  Switch  and 
Master  Control  Panel  equipped  with 
Manual  and  Automatic  Dials  for 
each  zone.  In  this  way  each  zone 
be  set  individually  and  at  the  same  time  be  under  the  Master  Control. 


Pressure  Regulator- 
Type  ED 

Designed  to  regulate  _  a 
steady  or  varying t  initial 
pressure  so  as  to  maintain  a 
constant,  adjustable,  De- 
livery pressure.  Applica- 
ble to  heating  systems, 
power  plant  operations,  or 
manufacturing  processes. 


Combined  Temperature 

and  Pressure  Regulator 

—Type  ETD 

Self-contained,  pilot  oper- 
ated, dead-end.  Designed 
to  control  flow  of  fluid  to  a 
heating  or  cooling  element, 
so  as  to  maintain  a  constant, 
adjustable  temperature,  and 
protect  the  element  against 
excessive  pressure. 

Fall-0-Mattc  Universal  Pipe  Intersection  Cutter. 
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Electrically  Operated 
Valve— Type  EM 

Can  be  opened  or  closed 
independently  by  an  elec- 
trical switch. 

Type  ET— Same  as  ETD 
except  pressure  control  is 
omitted. 

Order  a  SPENCE  Regula- 
tor for  40  days'  free  trial. 


Taylor  Instrument  Company 


Controls  and  Instruments 


Taylor  Self-Acting 
Temperature  Con- 
trollcr—Adaptccl  for 
u  s  e  o  n  h  o  t  -  w  a  t  e  r 
storage  tanks,  etc..  Re- 
quires* no  auxiliary 
motive  power. 

The  valve  can  be 
closed  at  any  desired 
tern  pern  lure,  or  a 
throttling  action  can 
be  obtained,  Not  prac- 
ticable on  pipe  lines 
having  Hi  cam  pressure 
over  125  Ib. 


Taylor  Dial 
Thermometers 

for  air  ducts  or  any 
application  where 
it  is  desirable  to 
have  temperature 
readings  at  some 
distance  from  the 
thermometer  bulb, 
as  in  a  central  con- 
trol room,  8  in, 
dial  can  be  read  at: 
a  glance  as  easily  as 
a  steam  gage. 


Taylor  Slin&  Psychrom- 

et€>r»"  -The  advantage  of 
this  form  of  Wet-  and 
Dry-Bulb  Hygrometer  over 
the  stationary  form  is  the 
facility  with  which  tests  can 
be  made  and  the  accuracy  of 
the  readings  obtainable,  as 
the  whirling  bulbs  are  sub- 
jected to  perfect;  circulation. 
Two  accurate  etched  stem 
thermometers  are  mounted  on 
a  die-cast;  frame,  with  the 
bulb  of  one  covered  with  a 
wick  to  be  moistened, 

These  thermometers  have 
scales  of  20  to  120  P,  gradu- 
al eel  in  J^-deg  divisions.  A 
copper  case  protects  the  tubes 
when  not  in  use. 


Taylor  Hiram's  Ane- 
mometer—-This  instru- 
ment is  ideal  for  measuring 
air  velocities  with  the  fan 
revolutions  indicated  on  the 
dial.  Available  in  various 
models  for  a  wide  range  of 
air  speeds  and  registration 
limits, 


Taylor  Re- 
cording Hy- 
grometer— 
Records  both 
wet-  and  dry- 
bulb  tempera- 
tures on  the 
same  chart  in 
different  color- 
ed inks,  mak- 
ing comparison 
very  easy. 

Type  shown 
h  a  s  m  o  t  o  r  - 
driven  fan  for  conditioned  rooms  or  pass- 
ages where  circulation  is  poor.  Furnished 
without  fan  for  installations  where  circula- 
tion across  bulb  is  good. 

Taylor 
10BG  Hy- 
grometer— 
For  air  ducts 
and  closed 
c  o  m  p  a  r  t  - 
ments.  Corn- 
bines  the 
accuracy  of 
an  etched 
stem  ther- 
m  o  m  e  t  e  r 
with  the  rug- 
geclness  of  an 
industrial 

thermometer.  Complete  assembly  swings 
out  on  bracket  for  quick  and  easy  inspection 
by  loosening  two  thumb  screws.  Numerals 
etched  on  broad,  flat  tubes  and  pigment- 
filled.  Tube  scales  mounted  horizontally 
for  quick  reading,  Specially  designed 
guard  allows  maximum  circulation  with 
minimum  risk  of  breakage.  Water  supply 
from  beer  bottle  reservoir,  as  shown;  or 
from  a  tap-fed,  constant  level  reservoir, 

Taylor  Humidi- 
guide — A  hand- 
some small  hygro- 
meter for  the  wall 
of  the  home,  office, 
school  or  other 
building  where  a 
neat,  easy-reading 
and  inexpensive 
instrument  is  de- 
sired. It  is  self- 
contained,  requir- 
ing no  charts  or 
separate  tables. 
Frame  is  M  a  - 
hogany  Bakclite. 

For  complete  information  on  above  in- 
struments and  others  designed  for  heating 
ventilating  and  air  conditioning,  send  to 
any  of  the  offices  listed  on  the  previous  page 
for  new  Taylor  Catalog  Number  Five. 
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Controls  and  Instruments 


GAUGE 


44      B  EA V  ER      STREET 


N€W     YO  R  K 


M.CTQHY  •  *IUIMVIUI  •  UNNftnV 
MANCHII  •  NlWfOmt  CMICAOQ  fMllAO 
BOSTON  CIRVeiAND  •  OHTHOIT  -  »f 


U.  S.  GAUGES-  U.  S,  Gauges  are  made  in  all  standard 
sizes  from  2  in.  to  12  in.  dial  inclusive  for  pressures  up  to 
50,000  Ib  and  for  vacuum.  Gauges  may  be  supplied  with 
cast-iron,  cast-brass,  drawn  steel,  or  drawn  brass  cases  for 
wall  mounting  or  flush  mounting.  For  severe  service 
requirements  we  can  supply  long  wearing  hardened  steel 
movements  or  bushed  movements, 

For  service  on  Steam  Heating  Systems  the  following 
gauges  may  be  supplied  - 

Steam  Gauges  . . .  Compound  Pressure  and  Vacuum  GaugeH 
.  .  .  Retard  Gauges  .  ,  .  Compound  Retard  Gaugen 
.  .  .  Steam  Gauges  with  Internal  Siphons. 

For  service  on  Hot  Water  Heating  Systems  the 
following  instruments  and  gauges  may  be  supplied 

Altitude  Gauges  .  .  .  Tank-in- Basement  Gauges  ,  .  , 
Altitude  and  Pressure  Gauges  .  .  .  Combination  Altitude 
Gauges,  and  (a)  Bimetal  Thermometers,  (b)  Glass  Tube 
Thermometers,  (c)  Vapor  Tension  Distance  Type  Ther- 
mometers ,  .  .  Glass  Tube  Hot  Water  Thermometers, 

U.  S.  RECORDING  GAUGES— U.  S,  Recording  Gauge* 
are  supplied  in  8H  in.,  10  in.  and  12  in.  sixes  for  pressures 
up  to  50,000  Ib  and  for  vacuum.  These  Recording  Gauges 
can  be  supplied  with  either  cast-iron  or  cast-brass  casen 
for  wall  mounting  or  flush  mounting.  Pen  arms  are  made 
of  non-corrosive  metal.  Especially  designed  clock  move- 
ments are  used.  Charts  can  be  furnished  for  customary 
time  periods. 

U.  S.  DIAL  THERMOMETERS- -U,  S.  Dial  Ther- 
mometers are  of  the  vapor  tension  type  with  open  scale 
reading  in  the  center  and  upper  portion  of  the  scale,  or  of 
the  glass  filled  type  with  even  scale  reading.  Cases  may 
be  cast-iron,  cast-brass,  drawn  steel,  or  drawn  brass  for 
either  wall  or  flush  mounting.  Supplied  in  all  standard 
sizes  from  2  in.  to  12  in.  dial  inclusive,  for  temperature 
ranges  from  minus  40  deg  F  to  800  cleg  F.  Furnished  with 
rigid  connection  bulb  or  with  bulb  at  end  of  flexible 
capillary  tubing  up  to  100  ft  long. 
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Controls  and  Instruments 


White-Rod  gets  Electric  Company 


NEW  YORK  CITY 


1293  Cass  Avenue,  St.Louis,  Mo. 


SYRACUSE 

('OLUMHIJK 


BOSTON 

DUTROIT 


CHICAGO 
INDIANAPOLIS 


CLEVELAND 


Distributors  In  Principal  Cities 


Lint  voltage  Ther- 
mostat for  Unit 
Heater  and  Air- 
Conditioning  In* 
stallations. 


Single   ypffd  fan 

control-coner  re* 

movtd    f>h owing 

visible  dial. 


til  ok  ar  Tirney~"- 
with  of  without 
night  fH'i-b(tck  or 
fused  line  switch. 


Low  Voltage  Room 
Thermostat— an- 
ticipating type. 


PUT  "HYDRAULIC  ACTION" 
TO  WORK  FOR  YOU 

Around  the  new  and  basic  principle  of 
Hydraulic  Action  has  been  designed  an  out- 
standing line  of  temperature  and  pressure 
controls  to  fit  every  requirement. 

Hydraulic  action  contributes  these  import- 
ant new  features  to  the  field  of  automatic 
temperature  control: 

1.  Visible,  uniformly  calibrated  dials, 

2.  Easily  set  differential  adjuster. 

3.  Fast  acting  thermal  elements. 

4.  Combination   controls  with 
dently  adjustable  switches. 

High  capacity  switch— the  tremendous 
force  available  with  Hydraulic  Action  has 
resulted  in  a  sturdy  switch  with  Underwriters' 
approved  rating  of  25  amp  120  v,  15  amp 
240  v,  V/2  hp  (R.I.)  120-240  v  AC. 

Take  advantage  of  Hydraulic  Action  on 
your  next  installation.  Specify  White-Rodgers 
Controls.  The  latest  condensed  control  cata- 
log is  awaiting  your  request.  Write  for  it 
today! 


Steam  Pressure 

Control-— for  safety 

limit  service. 


Dual  Immersion 
Control— 'Limit' 
Circulator  or 
Summer-Winter 
services 


plunger  torque  and 
silent  operation. 


Diaphragm  Gas  Valw   with 

puff  bleed  and  built-in  me- 

chanical  limit  control. 
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International  Heating  &  Ventilating  Exposition 

THE  AIR  CONDITIONING  EXPOSITION 
Permanent  Address— Grand  Central  Palace,  New  York,  N.  Y. 


EXPOSITION  HELD 

The  first  in  Philadelphia,  1930. 
The  second  in  Cleveland,  19IJ2. 
The  third  in  New  York,  lUIM, 
The  fourth  in  Chicago,  19U(>. 
The  fifth  in  New  York,  1MK. 
The  sixth  in  Cleveland,  HMO. 
The  Heventh  in  Philadelphia,  HM'2. 

Subsequent  Expositions  will  be  held  on 
alternate,  even  numbered  years. 

These  are  held  coincident  with  the 
Annual  Meeting  of  the  AMKKICAN  SOCIKTV 
OF  HKATING  AND  VKNTILATING  ENGINKKKS 
and  are  directed  by  the  International 
Exposition  Company,  under  the  auspices 
of  the  A.S.U.V.K. 

EXHIBITORS 

Cpinpri.se  leading  firms  in  each  phase  of 
the  industry;  number  has  varied  from  150 
to  327  exhibitors. 

EXHIBITS 

These  range;  from  and  comprise  all  the 
types  of  articles  discussed  or  advertised  in 
this  copy  of  TIIK  A.S.II.V.E,  GUIDK. 

1.  The  COMBUSTION  Group: 
Furnaces,  burners  (coal,  oil  and  gas), 
grates,  stokers,  boilers,  radiators  (vari- 
ous types),  refractories  and  auxiliaries. 

2.  The  OIL  BURNER  Group. 

3.  The  HYDRAULIC  Group: 

Water  feeders,  water  heaters,  pumps, 
traps,  valves,  piping,  fittings,  expan- 
sion joints,  pipe  hangers,  etc. 

4.  The  STEAM  H MATING  Group: 

Vapor  heating  and  steam  specialties, 

5.  The  HOT  WATKR  HKATING  Group, 

6.  The  AIR  Group: 

Warm  Air  furnaces  and  stoves,  regis- 
ters and  grilles,  cooling  towers,  air 
filters,  motors,  fans,  blowers,  condi- 
tioning equipment,  ventilators  (room 
and  industrial  types),  unit  heaters,  etc. 

7.  The  AIR  CONDITIONING  Group: 
Equipment  which  circulates  and  filters 
the  air,  in  summer  dehumidilles  and 
cools;  in  winter  heats  and  humidifies, 
and  does  all  these  in  proper  season  for 
complete,  all  year  round  air  condi- 
tioning. 

8.  The  CONTROL  Group: 
Instruments  of  precision  for  indicating, 
controlling  or  recording  temperature, 
pressure,  volume,  time,  flow,  draft  or 
any  other  function  to  be  measured. 

9.  The  REFRIGERATING  Group: 
Compressors,  condensers,  cooling  ap- 
paratus,   contingent    apparatus    and 
refrigerants. 


10.  The  O'INIKAL  llMATINli  (iMUf*: 

Apparatus  and  materials  especially 
designed  or  adapted  to  the  uses  of 
central  heating  and  central  heating 
station  supplies. 

1 1.  The  INSULATING  (trim/*: 
Structural  insulators  (rHY.ielory  and 
cellulose    materials),    asbestos,    mag- 
nesia clays  and  continuations  thereof, 
pipe    and     conduit     covering,     etc,, 
weather- stripping,  etc, 

12.  The  Mist'KM.ANKous  Gnntp: 
Electric  llenter.s  boiler  and  pipe  re- 
pair alloys,  liquids  and  compounds, 
tools  of  all  kinds,  and  equipment  not, 
specifically    included    in    the    above 
groups,  but  related  thereto, 

1 8.  The  M  A  c  tu  N  K  K  v  AND  ( 1  K  N  K  R  A  L 


14,  HOOKS  AND  I*u HI, 

VISITOR  ATTENDANCE 

Comprises  a  registered  attendance  in- 
vited to  the  exposition  and  includes: 

(Figures  are  UMO  analysis) 

INDUSTRIES 

Distribution  ('Inlands 

Oontnu'lofN,     l)rattTH,     Jobbi'tn,     Supply 

HOUMOM                                                       '„  7,tWI 

Ifnma  Owners      ,                                    ,  .     t  HIM 

Industrial  If  MM  .,                                        .  fl»H7l 

Prttfessitnitil  nwd  tieyvitr  Offntnwitjnnx    „ , ,    ,  OHtl 

/'MW/6  t  Hint  its                                               ,  1)00 

AV(//  /{.v/d/r  MttnaiH'tMt'nt  ami  OfHrttltun  lKi(^ 


TOTAL, 


OCCUPATIONS 


Operation 

Tedinical 

Not   (IluHHiCwd   Including    Kdtu'nturH, 

liHllcrH,  HOIIH!  OwiUTHi  <'U*  .  ,      , 

TOTAL . ,  .    . 


i,r»'ii\ 

20,0,12 
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Industrial  Expositions  in  America  lead 
thep  expositiona  of  the  world  in  style, 
business  effectiveness,  industrial  influence 
and  educational  value.  This  Exposition 
stands  jimon^  the  leaders  in  Industrial 
Expositions  in  America.  It;  is  an  edu- 
cational institution  which  biennially  bringn 
together  the  research  developments  and 
improvements  in^equipmerU:  and  materials 
for  use  in  heating,  ventilating  and  air 
conditioning  all  types  of  buildings, 


HEATING  SYSTEMS 


Steam  and  hot  water  heating  systems  with  their  many  parts  and  accessories 
are  classified  according  to  their  specific  type  of  design  and  the  service 
required.  These  systems  and  their  component  parts  include: 

HEATING  SYSTEMS  (p.  968-991) 

Combinations  of  parts  forming  steam  vapor  and  vacuum  systems  and  hot  water 
systems, 

Technical  data  on  steam  heating  systems  are  contained  in  Chapter  13;  hot  water 
systems  in  Chapter  15.  Other  references  to  heating  systems  will  be  found  in  the 
Index  to  the  Technical  Data  Section. 

BOILERS  (p.  992-1013) 

Water  tube,  fire  tube  and  firebox  types;  cast  iron  and  steel  construction;  for  coal, 
coke,  gas  or  oil  firing, 

Technical  data  on  heating  boilers  are  given  in  Chapter  11. 

In  connection  with  steam  and  hot  water  heating  systems  various  types  of  radiators 
and  convectors  are  required.  Complete  manufacturers  references  will  be  found  in 
the  Index  to  Modern  Equipment— pages  1097-1120, 

Technical  data  is  contained  in  Chapter  12, 

BURNERS  (p.  1014-1024) 

Automatic  fuel  burning  equipment  suitable  for  use  as  an  integral  part  of  heating 
boilers  and  furnaces,  and  also  for  conversion  of  hand-fired  heaters  to  automatic 
operation* 

Technical  data  are  given  in  Chapter  9. 

iPUMPS  (p.  1025-1028) 

For  use  in  conjunction  with  heating  systems,  and  other  purposes  in  heating,  venti- 
lating and  air  conditioning  service;  and  for  handling  air,  gases,  ammonia,  brine  and 
other  refrigerants, 

References  to  technical  data  on  pumps  will  be  found  in  the  Index  to  the  Technical 
Data  Section., 

PIPE  AND  FITTINGS  (p.  1029-1045) 

Iron,  steel,  wrought  iron,  copper,  brass — seamless  or  welded, 
Technical  data  will  be  found  in  Chapter  17, 

SPECIALTIES  (p.  1031-1041) 

Feed  water  devices,  pressure  and  draft  regulators,  combustion  controls,  strainers, 
traps,  valves,  etc.— all  essential  for4  efficient  operation  of  heating  equipment. 

References  to  technical  data  on  heating  specialties  may  be  found  in  the  Index 
to  the  Technical  Data  Section,  each  indexed  under  its  respective  title. 

Manufacturer's  products  shown  In  this  division  arc  designed  for  specific  applications. 
Consult  the  Index  to  Modern  Equipment  for  additional  products  of  these  manufacturers. 
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Heating  Systems 


Barnes  ejones 

(•g^T  tMCJOMBOWATEO^d^ 


129  Brookside  Avenue  Boston,  Mass, 

New  York  Office:    10 J  Park  Avenue* 

Barnes  &  Jones  Vapor  and  Vacuum  Systems  of  Steam  Heating;  Modulation 
Valves;  Adjustable -Orifice  Radiator  Valves;  Packless  Quick-Opening  Radiator 
Valves;  Thermostatic  Radiator  Traps;  Thermostatic  Trap  Replacement  Units; 
Condensators  (Boiler  Return  Traps);  Float  and  Thermostatic  Traps;  Strainers; 
Damper  Regulators;  Gages;  Systems  of  Zone  Control  for  Steam  Heating. 
Complete  Catalog  on  Request 


Modulation  Valves,  Type  K.    Packless 
Quick  Opening  Valves,  Type  F 

Types  K  and  F 
Valves  have  non- 
tarnishable  indicat- 
ing dial,  non-rising 
stem,  renewable 
disc  seat.  Tailpiece 
extra  heavy,  Extra 
long  to  facilitate 
installation.  Three 
models:  lever 
handle,  wheel  handle,  lock  shield.  Type  F 
Valve  furnished  with  wheel  handle  only, 


Type  K.  Valve 


Size. 


Cap.SqFtRad.*...       30 


3/4" 


60 


100 


a 


Size. 


Ca.p.  Sq  Ft  Rad.* 


60 


100 


400 


"•Baaed  on  2  OK  pressure  differential. 
Adjustable  Orifice  Valves,  Type  H 

May  be  adjusted  for 
different  capacities 
after  installation.  At 
all  times  provides  in- 
dication of  the  adjust- 
ment. Operation  is 
quiet.  Unauthorized 
tampering  with  ad- 
justment is  virtually 
impossible. 

Condensators 

For  returning  water 
of  condensation  to 
boiler  from  open  re- 
turn line  systems 
independently  of 
boiler  pressure, 
without  change  in 
operating  condi- 
tions, air  binding ,  or  admitting  steam  to 
the  return  side. 


No  

31 

"TOO 

32 

33 
3500 

34 
6000 

35 

36 

Cap.SqFtRad.*.... 

1600 

10,000 

16,000 

Thermostatic  Radiator  Traps 

Sturdily    made    to 
precision  standards, 

Sensitive  in  opera- 
tion, Provide  in- 
stant discharge  of 
air  and  water >  pre- 
vents passage  of 
steam.  Contains 
unique  Cage  Type 
Thermostatic  Unit, 
which  carries  it.B  own  thermoHtat  to  element, 
valve  piece  and  valve  neat,  factory  cali- 
brated and  locked  in  correct  adjustment. 

Trip  No 120  12  123  124  H4  13 


Inlet  1  apping 

Outlet  Tapping, 

Cap.SqFtRad,*,,., 


14 


1200 


on  Ij.^  ib  in'ewum^  different  iiiii""" 

Thermostatic  Radiator  Gage 

Replacement  Units 
Offer  complete  and 
reliable  trap  re- 
newal in  practically 
every  make  of  ther* 
mostatic  trap.  You 
simply  (I)  remove 
the  old  cover  and 
unit,  (2)  insert  the 
new  Barnes  &  Jones 
Cage  Unit,  (3)  re- 
place thereover,  and  the  old  trap  will  oper- 
ate, with  its  original  efficiency, 

Float  and  Thermostatic  Traps 
Handle  lar^e  and  sud- 
clen  condensation 
loads.  Large  air  and 
water  capacity,  Large 
float  assures  instant 
opening  of  the  dis- 
charge Valve,  Cage 
Type  Thermostat ic 
Unit  assures  quick 
elimination  of  air, 


Trap  No  

41 

42 

43 

Inlet  Tapping. 
Outlet  Tapping 
Cap,  Lb.  Water 

a? 

V 

i$ 

per  Hour*.., 

200 

700 

1200 

1200 


2400 


2" 
1" 

5000 
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Heating  Systems 


Hot  Water 


Bell  and  Gossett  Company 

3000  Wallace  Street  Chicago,  111. 

HOT  WATER  SYSTEMS  AND  SPECIALTIES 


B  &  G  MONOFLO  HEATING  SYSTEMS 


A  genuine  advance  in  con-  *"*•  ,„  f 

trolled  and  economical  heat- 
ing: is  offered  by  the  B  <&  G 
Mbnoflo  System.     In  conjunction  with 
forced  circulation,  the  B  &  G  Monoflo 
Fitting    makes   possible   a  thoroughly 
practical,  well  balanced  single  main  hot  water  instal- 
lation.    In  over  40,000   installations,    the  B  &  G 
Monoflo  System  has  demonstrated  its  desirability  in 
homes,  apartments,  factories  and  institutional  build- 
ings.     The  equipment  lends  itself  ideally  to  zoning, 
yet  is  exceedingly  simple  in  application. 


EQUIPMENT   REQUIRED 


B  &  G  Booster 

An  electrically- 
driven  centrifugal 
pump,  which  me- 
chanically circulates 
hot  water  through  the 
system  —  clistin- 
guished  by  genuine  oil 

lubrication,  patented  water-tight  seal  and  precision 

manufacture  throughout. 


B  &  G  Angle 

Flo-Control 

Valve 

This  valve,  in- 
stalled in  the 
main,  controls 
circulation  of  hot 
water  to  radia- 
tors, permitting 
summer  opera- 
tion of  the  la- 


B  &  G  Indirect 
Water  Heater 

Any  one  of  five 
B  &  G  Heater 

types  can  be  in- 
stalled to  furnish 
year  around  do- 
mestic hot  water 
at  smallest  pos- 
sible cost. 


B  &  G  Monoflo  Fitting 

,  A  correctly  engineered  fit- 
ting, installed  in  the  main  at 
radiator  connections,  which  di- 
verts water  into  the  radiators, 
Its  design  assures  a  balanced 
distribution  of  water  without 
introducing  excessive  resist- 
ance. 


direct   Water 

Heater.  It  also  helps  maintain  a 
uniform  room  temperature  during 
the  heating  season. 

See  the  B  &  G  Handbook  for  Complete  Engineering  Data 
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Simplex 
Relief  Valve 


For    boiler 
protection. 


Heating  Systems  •  fl',";*""0""""' 


C.  A.  Dunham  Company 

Administrative  and  General  Offices 

450  E.  Ohio  Street,  Chicago,  III. 

Factories:   MARSIIALLTOWN,  TOWA;  MICHIGAN  CITY,  IND,;  TOKONTO,  CANADA;  LONDON, 


G.  A.  Dunham  Co.,  Ltd., 

1623  DAVENPORT  ROAD, 
TORONTO,  ONT,,  CANADA 


C.  A,  Dunham  Co.,  Ltd., 
(Of  the  United  Kingdom) 
tinlcu  Rond,  I.ONUON,  »S,W.  It), 


See  "Dunham  Heating  Service"  In  local  telephones  directory  In  all  principal  citta*. 

The  accumulated  experience  of  the  entire  Dunham  Organisation  i«  put  nt  die  disposal 
of  the  Heating  Ventilating  and  Air  Conditioning  Engineer.  Thin  cooperation  i»  available 
for  Modernization  Work,  as  well  as  for  new  construction  in  industrial,  commercial, 
housing  and  other  projects. 

The  Dunham  Sub-atmospheric  Steam  Heating  System  maintain*  desirable  tempera- 
tures throughout  a  building  by  automatic  control  of  both  steam  temperature  and 
steam  volume. 

The  system  is  a  simple  two-pipe  system  in  which  all  the  eiwentialH  of  circulation, 
distribution  and  control  are  co-ordinated.  Control  of  the  temperature*  of  the  steam  i» 
accomplished  by  controlling  the  pressure  or  vacuum  of  the  steam  in  the  supply  piping 
and  radiators  to  balance  exactly  the  heat  input  with  buildi'iiK-heat-Ioss, 


The  Dunham  Sub-atmospheric  Sys- 
tem distributes  a  varying  supply  of  heat 
equally,  automatically  and  continuously 
through  the  heated  space.  Desirable 
building  temperatures  are  automatically 
maintained  under  varying  weather  con- 
ditions. A  positive  continuous  circulation 
is  maintained  as  a  fundamental  function  of 
the  system.  This  maintains  unusually 
constant  temperature  levels  throughout 
the  building. 

The  Control  is  Fully  Automatic. 
The  RT  (Resistance  Thermometer)  Con- 
trol Equipment,  which  is  an  integral  part 
of  the  System,  is  fully  automatic.  Begin- 
ning with  a  maximum  radiator  heat  output 
obtained  by  steam  circulation  at  a  pressure 
of  2  pounds  and  a  temperature  of  218  F  or 


more  UH  required,  the  output  in  progres- 
sively reduced  acconlitiK  to  the  demands 
of  the  weather,  by  a  reduction  in  the  rate 
of  slenm  admission  to  the  system,  which 
automatically  onuses  a  reduction  in  steam 
pressure  and  temperature  HO  that  Hteum 
may  be  circulated  at  varying  temperatures 
down  to  abouH&'i  K.  further  reduction 
in  heat -out put  ts  obtained  by  partial  filling 
of  radiators  with  Hub-atnumnhcric  steam 
until  the  point  IH  reached  at  which  the  need 
for  heat  ceases  and  the  supply  of  steam  is 
completely  shut  off.  The  distribution  of 
the  at  earn  supply  is  automatically  main- 
tained under  all  variations  in  supply  by 
the  co-ordinated  JuncHoning  of  the  Traps, 
Pump,  Differential  Controller  and  Regu- 
lating Orifices  at  radiator  inlets, 


THERMOSTAT 


CONTROL     PANEL 
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:  Sub- Atmospheric 
Steam 


DUNHAM  UNIT  HEATERS 

Type  C-  -A  specially  designed  heater  for  industrial  and 
commercial  structures.  Designed  for  moving  a  large 
volume  of  heated  air  at  low  temperature  down  to  working 
levels  making  possible  a  heated  air  stream  discharging 
directly  floorward,  10  sixes,  3  types  of  outlet  cliffusers, 
capacities  100  to  2000  sq  ft  EDR, 

Type  R  13  standard  sixes.  Capacities  from  381  to 
3355  aqtft  KDR.  Also  in  suspended  type.  Both  types 
either  direct  connected  or  belt  drive. 

Type  V— 30  sixes.     Capacities  from  95  to  1 100  sq  ft  EDR. 

Type  D  ••  -12  sixes.     Capacities  from  558  to  2300  sq  ft  EDR. 

Type  F  -  -12  sixes.     Capacities  1074  to  4550  sq  ft  EDR. 


Type 


Type  V 


Type  D 


Type  F 


DUNHAM  PUMPS 

Tested  and  Rated  with  A.S.H.V.E.  Code  and  Code  of 
Vacuum  Return  Line  Heating  Pump  Manufacturers' 
Section  of  Hydraulic  Institute. 

Vacuum  Pumps 

Type  VRD  -Designed  for  use  with  Dunham  Sub- 
atmospheric  Steam  Heating.  Capable  of  maintaining 
whole  systems  under  vacuums  as  high  as  25  in.  Built  in 
9  sixes.  Capacities  2500  to  ($5,000  sq  ft  EDR. 

Type  VR~  -Meets  all  code  tests  for  air  and  simultaneous 
air  and  water  handling  capacities.  No  moving  parts  or 
close  clearances  in  exhauster  unit.  Built  in  1,1  sixes. 
Capacities  2500  to  150,000  sq  ft  EDR. 

Condensation  Pumps 

Provide  automatic  return  of  water  of  condensation  to 
boilers  for  gravity  systems  or  steam  process  equipment. 
Pump  and  motor  assembled  on  rigid  cast  iron  base, 
Bronze  fitted  centrifugal  pump  has  non-corrosive  shaft. 
Enclosed  type  Impellor.  Liberal  sixe  ball  bearings. 
Receiver  tank  equipped  with  float  switch  and  push  button 
starting  switch  with  over-load  protection. 

Type  CH-B  -60  sixes  of  varying  capacities  and  dis- 
Type  VR  charge  pressures,    Capacities  2000  to  50,000  sq  ft  EDR; 

(JO  cycle  cl.c.  or  a.c.  1 750  rpm ;  25  or  50  cycle  a.c.,  1450  rpm, 

Type  GHH-B"- 49  sizes  of  varying  capacities  and  discharge  pressures.    Capacities 
2000  to  50,000  sq  ft  EDR;  60  cycle  cl.c.  or  a.c.  3450  rpm;  25  or  50  cycle  a.c.,  2850  rpm. 

Type  CV 48  sizes  of  varying  capacities  and  discharge  pressure. 

Capacities  2000  to  25,000  sq  ft  EDR. 

Duplex  Unit 

Type  Cll  or  CUtt 

Model  B 


Single  Unit 

Type  Cll  or  C1IU 

Model  B 


Type  CI1U3 


Type  CV 
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Hot  Water  and 
Industrial  Piping 


THERMOLIER 

Patented 
THE  GRINNELL  UNIT  HEATER 


Industrial  Type 


De  Luxe,  Industrial  and  Factory  Types — 
125  Lb  W.S.P. 

Thermolier  is  a  ruggedly  built  unit  heater 
whose  efficiency  and  dependability  have  been 
proved  by  actual  performance  in  field  service. 
Thousands  of  them  are  installed  in  industrial 
buildings  and  commercial  structures  of  all  types 
of  occupancy. 

Thermolier  has  14  points  of  superiority,  the 
most  outstanding  of  which  is  the  internal  cooling 
leg  built  right  into  the  unit,  an  exclusive  Ther- 
molier feature.  See  drawing  below. 

Radiation  is  from  brass-finned  seamless  copper 
U-tubes  rolled  into  a  cast-iron  tube  sheet.  No 
solder  is  used  for  strengthening  joints  and  there 
are  no  flat  horizontal  surfaces  to  catch  dirt. 


Units  may  be  controlled  manually  or  automatically,  singly  or  in  groups.    Installation 
and  piping  are  extremely  simple  and  inexpensive,  hence  the  unit  may  be  moved  from  one 


THE  THERMOLIER  INTERNAL  COOLING  LEG  ACCOMPLISHES  A  RESULT 
SUCH  AS  IS  DIAGRAMMATICALLY  ILLUSTRATED  HERE 


THERMOSTATIC 
TRAP 


,00  TO  300   FOOt  COOLING 


IK-DEPENDING  ON  SUE  OF  UNIT 


UNIT 
HEATER 


location  to  another  at  small  cost  if  found  desirable  on  account  of  changes  in  building  or 
occupancy,    The  complete  line  includes  27  Models  in  DeLuxe  Type,  and  35  Models  each 
in  Industrial  and  Factory  Tvpes. 
Thcrmoliers  provide  maximum  distribution  of  heat  without  objectionable  drafts. 

Specifications 

Fan— -Grinnell  special  of  rugged  construction.  Motor — heavy  duty,  oversize, 
enclosed,  moisture-proof.  Housing—Art  Metal  Slate  gray  finish  with  chromium  trim 
on  DeLuxe  Types,  Copper  on  Industrial  Type  with  rubbed  lacquer  finish;  steel  on 
Factory  Type  finished  in  gray  lacquer.  Frame — Heavy  pressed  steel,  providing  rugged 
support  for  motor  and  fan,  Special  Features-— Adjustable  swivel  hanger  rod  couplings; 
louvers  rigid,  but  easily  adjustable:  integral  cooling  leg  insuring  perfect  drainage  through 
one  therm'ostatic  trap  for  pressures  up  to  25  Ib, 

For  pressures  not  exceeding  125  ib,  a  thermostatic  trap  of  proper  construction  can  be 
used  and  should  be  attached  directly  to  the  unit, 

CAPACITIES 

60  F  Entering  Air  Temperature— -2 Ibs Steam  JPreesure 


Model 

No». 

Btu 
per  Hour 

Model 
No«. 

Btu 
per  Hour 

Model 

N08. 

Btu 
per  Hour 

._ 

35,600 

46L 

63,500 

81L 

143,600 

21L 

28,350 

51 

98,600 

91 

196,000 

22 

37,100 

51L 

73,700 

9IL 

160,600 

26 

38,650 

57 

101,300 

101 

237,800 

26L 

31,750 

57L 

83,000 

101L 

205,400 

31 

48,700 

61 

102,100 

111 

275,300 

3IL 

36,200 

61L 

77,500 

111L 

229,700 

37 

62,200 

66 

128,700 

141 

325,300 

41 

70,900 

66L 

110,500 

141L 

269,700 

41L 

56,600 

71 

151,700 

181 

373,300 

44 

84,800 

71L 

126,800 

181L 

303,200 

46 

86,400 

81 

174,900 

,    i  «'.n.,.  „'"••  •->•"  ipwtnrtrs 

Data  Book  cover- 
ing other  pressures 
and  temperatures, 
dimensions  and 
complete  installa- 
tion information 
on  application. 
Address  GIUNNICI.L 
COMPANY,  INC.,  277 
West  Exchange 
Street,  Providence, 
R.  I. 
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GRINNELL  ADJUSTABLE  PIPE  HANGERS  AND  SUPPORTS 

One  of  the  chief  advantages  of  Grinnell  Adjustable  Hangers  ia  that  they  pcrmi 
adjustment  of  pipe  lines  after  installation,  thus  obviating  the  necessity  of  turnbuckles  o 
the  removal  of  hangers.  Their  time  and  trouble-saving  qualities  during  installation  ar 
equally  exceptional.  Below  are  shown  a  few  Grinnell  Hangers  and  Supports  of  par 
ticular  interest  to  heating  engineers,  Send  for  Hanger  Catalogue  showing  complete  line 


Fig.  No.  101 
Solid  Ring 


Adjustable  Swivel  Rings  (Patented) 

These  Malleable  Iron  Adjustable  Swivel  Rings 
can  be  used  with  Coach  Screw  Rod  or  Machine 
Threaded  Rod  in  connection  with  practically  any 
type  of  Ceiling  Flange,  Expansion  Case,  Insert,  etc. 

Adjustment  of  at  least  1  ^  in.  is  secured  by  turning 
Swivel  Shank.  Swivel  Shank  automatically  locks, 
preventing  loosening  due  to  vibration  in  the  pipe 
line. 

The  Split  Ring  permits  adjustment  either  before 
or  after  Ring  is  closed.  >  A  wedge  type  pin  is  loosely 
but  inseparably  cast  into  the  hingecl  section  for 
fastening  this  section  after  pipe  is  in  place. 


No.  104 
ffptt  Ring 


Fig.  No.  174 
Swivel  Pipe  Ml 


90°  Elbow,  Long  Turn 


Adjustable  Swivel  Pipe  Rolls  (Patented) 

An  adjustable  type  of  pipe  roll  using  a 
single  hanger  rod.  Swivel  Shank  allows 
vertical  adjustment  and  automatically 
locks,  preventing  loosening  from  vibration, 

CB-Universal  Concrete  Inserts 

(Patented) 

Made  of  air  furnace  malleable  iron,  in 
one  body  size,  to  take  a  special  removable 
nut,  tapped  for  %  in,,  H  in,,  H  in.  or 
%  in.  rod  as  required.  Nuts  automatically 
jock  by  means  of  V-type  teeth  on  both 
insert  and  nuts. 

GRINNELL  WELDING  FITTINGS 

Grinnell  Welding  Fittings  are  made  from 
Seamless  Steel  J^ipe  or  tubing  and  possess 
the  same  physical  characteristics  as  stan- 
dard, extra  strong  and  o.d,  steel  pipe  or 
seamless  steel  pipe  of  comparable  si/e, 
They  can  be  used  under  the  same  con- 
ditions, pressures  and  temperatures  as  the 
pipe  itself. 

Welding  faces  for  all  plain  circum- 
ferential Butt  Welds  are  scarfed  or 
beveled  to  the  regulation  45  cleg,  angle 
with  KG  in-  square  end  on  inside  of  fitting. 
Angles  of  bevel  other  than  45  cleg,  can  be 
furnished  on  special  orders. 


fig. 
<W*Uni*nal  Inurt 


Welding  Tee 


lap  Flanged  Welding  Neck 
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William  S.  Haines  &  Company 

12th  and  Buttonwood  Sts.,  Philadelphia,  Pa. 

Manufacturers  of 
EQUIPMENT  FOR  VAPOR  AND  VACUUM  HEATING  SYSTEMS 


PRODUGTS—Haines  Vento  Radiator  Traps,  Medium  Pressure  and  Blast  Type 
Traps,  Combined  Float  and  Thermostatic  Traps,  Air  Eliminators,  High 
Pressure  Thermostatic  Traps,  Boiler  Return  Traps,  Packless  Radiator 
Valves  and  Modulating  Supply  Valves. 


HAINES  RADIATOR  TRAPS 

The  toperating  thermo- 
stat in  all  Haines  Traps 
is  a  specially  con- 
structed Bourdon  tube, 
charged  with  a  volatile 
fluid  and  hermetically 
scaled.  It  is 
the  expansion  \ 
and  contrac- 
tion of  t  h e 
fluid,  under 
varying  tem- 
peratures, that 
furnishes  the  operating  power,  The  ther- 
mostat ic  element  is  outboard  the  valve 
seat  closing  the  valve  against  the  flow 
of  steam. 


HAINES  MODULATING  VALVES 

The  seat  and  carrying:  member  construc- 
tion assures  positive  leak  proof  perfor- 
mance. Less  than  a  full  turn  of  the 
handle  com- 
pletely opens  or 
closes  the  valve, 
This  valve  is 
packless  and 
made  in  sixes 
from  %  in.  to 
'2  in.  Can  be  fur- 
n  i  s  h  e  cl  with 
wheel  or  lever 
handle  or  lock- 
shield. 


HAINES  F  &  T  TRAPS 


This  trap  is  designed 
for  handling  large 
quantities  of  conden- 
sation such  as  occur  at 
main  line  drip  points, 
unit  heaters,  hot  water 
generators,  etc.  This 
trap  cannot  become  air 
bound  as  it  has  a  ther- 
mostatically controlled 
bypass.  It  is  light 
enough  to  be  supported 
in  the  pipe  line, 


HAINES  BOILER  RETURN  TRAPS 

For  vapor  and  atmospheric  heating  sys- 
tems. Prevents  cracked  boilers.  Assures 
positive  circulation  by  venting  the  air 
and  returning  the  water  of  condensation 
to  the  boiler 
irrespective  of 
boiler  pressure. 
Weighted  valve 
mechanism  pre- 
vents  wire 
drawing  of 
valves.  This 
trap  has  no 
stuffing  boxes 
or  packed  joints 
to  leak  air  or 
water. 


All  Haines  material  is  ruggedly  constructed  to  assure  long  life  and  accurately 
designed  for  economical  operation. 

Each  device  is  individually  tested,  factory  adjusted  and  guaranteed. 
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Hoffman  Specialty  Co.,  Inc. 

Executive  Office 

77  Bedford  St.,  Stamford,  Conn, 
Main  Office  and  Factory:   Waterbury,  Conn, 

Sales  Representatives  In  Principal  Cities 


Manufacturers  of  Adjustable  Port  Radiator  Venting  Valves,  Quick  Vents  and 
Air  Eliminators  for  One  and  Two  Pipe  Steam  and  Vacuum  Systems;  Hoffman 
Supply  Valves,  Traps  and  Basement  Specialties  for  Controlled  Heat  Systems, 
Air  Conditioner  Hoffman-Economy  Vacuum  and  Condensation  Pumps,  and 
Hot  Water  Controlled  Heat  Equipment. 

AIR  VALVES 

The  Nos,  1,  I A  and  40  are  used  for  venting  radiators 
on  One  and  Two  Pipe  oil  or  gas  automatic  fired 
Steam  Systems,  and  the  Nos.  4,  4A,  75  and  75A  arc 
used  in  conjunction  with  these  valves  for  ventmg 
steam  mains,  risers  and  other  quick  venting  service. 


VACUUM  VALVES 

The  Nos.  2,  2 A  Vacuum  Air  Valves  feature  the 
Hoffman  Double  Air  Lock  consisting  of  the  vacuum 
check  and  vacuum  diaphragm.  These  valvcn  are  for 
use  on  coal  burning  hand  or  stoker  fired  One  Pipe 
Vacuum  Systems;  and  for  venting  ends  of  steam  maiim 
or  heating  risers,  where  it  is  also  desired  to  prevent 
the  return  of  air  into  the  system,  the  Now.  0,  10,  KiA, 
76  and  76 A  vents  are  used. 


HOT  WATER  CONTROLLED  HEAT  EQUIPMENT 


N 1 1 ,  £  Vncu it m 
Vtnt  Valvf  with 
it  t  w  '  '  ,S'  haft 
Tontut"  in  place 
*'/  xifihoH  tube, 


The  Hoffman  Tempera- 
ture Controller  is  con- 
nected by  capillary  tubing 
to  the  Outdoor  Tempera- 
ture Bulb,  and  to  the 
Water  Temperature  Bulb 
installed  in  the  supply 
main.  Variations  in  out- 
door and  circulating  water 
temperatures  are  instantly 
transmitted  by  these  two 
Bulbs  to  the  Temperature 
Controller  which  electric- 
ally opens  or  closes  the 
Control  Valve. 


Temperature 
Controller 


Outdoor  Temperature  Bulb 
ocaled  on  exterior  of  building 


Hoffman 
Circulator 


The  Hoffman  Control 
Valve*  AdnnHHion  of 
hot  water  from  the 
boiler  into  the  circu- 
lating system  is  con- 
trolled by  this  valve, 
It  i«  opened 
and  cloned  elec- 
trically when 
actuated  by  de- 
mands for  more 
or  lews  heat  from 
the  Hoffman 
Temper  at  ure 
Controller, 


Water  Ttmpertt* 
ture  Bulb 


The  Hoffman  Circulator  is  a  centrifugal 
pump  of  large  capacity,  low  power  con- 
sumption ^ancl  furnished  in  all  standard 
sizes.  It  is  installed  in  the  return  main 
and  operates  continuously  except  when 
outdoor  temperature  rises  above  65  cleg. 


Hoffman  Specialty  Co.,  Inc. 
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No.  7  Modulating  Valve 


HOFFMAN  CONTROLLED  HEAT 

A  Hoffman  Controlled  Heat  System  consists  of  the 
No.  7  Adjustable  Orifice  Modulating  Valve  on  the  supply 
end  of  the  radiator,  the  No.  8-A  Thermostatic  Trap  on 
the  return  end  and  either  a  Hoffman  Differential  Loop  (for 
coal-fired  installations  operating  at  pressures  up  to 
8  ox),  or  a  Boiler  Return  Trap  where  higher  pressures 
are  encountered,  for  returning  the  condensate  to  the  boiler. 

SUPPLY  VALVES 

Besides  the  No.  7  Adjustable  Orifice  Modulating  Valve 
the  Nos.  37  and  47  series  (not  illustrated)  represent  a 
complete  line  of  Packless  Supply  Valves  that  meet  the 
exacting  requirements  of  architects  and  engineers. 

THERMOSTATIG  TRAPS 

The  line  of  Bellows  Type  Thermostatic  Traps,  with 
hydraulically  formed  and  tested  bellows,  consists  of  the 
Nos.  17-A,  8-A  and  0-A,  and  are  principally  used 
for  low  pressure  steam  or  vapor  systems.  These  traps 
have  nominal  capacities  from  200  sq  ft  up  to  700  sq  ft 
of  radiation.  The  Nos.  8-A  and  9-A  have  renewable 
elements,  which  combine  the  thermostat,  valve  pin  and 
renewable  seat  into  a  single  unit. 

The  No.  10-A  Hoffman  Trap,  which  is  equipped  with 
waterhammer  proof  bellows,  1  in.  connection,  has  a 
nominal  capacity  of  2800  sq  ft. 

The  Nos,  8  and  9  Traps  have  a  thermostatic  element  consisting  of  three  chambers  each 
having  a  top  and  bottom  diaphragm.  These  chambers  are  all  joined  together  and  the 
complete  thermostatic  member  is  housed  in  a  cage  and  is  not  attached  to  the  valve  body 
or  cap.  This  allows  the  thermostatic  element  and  valve  pin  to  be  easily  removed  and 
replaced  without  adjustment,  These  traps  range  in  sizes  from  %  in,  to  1  in,,  are  medium 
pressure  traps,  and  are  recommended  where  pressures  up  to  50  Ib  are  encountered. 

The  Npa.  20-11  and  21-H  High  Pressure  Traps  are  equipped  with  waterhammer  proof 
bellowtS,  for  use  on  pressures  up  to  126  Ib,  Available  in  /£  in.  to  I  in.  connection. 


DRIP  AND  HEAVY  DUTY  TRAPS 

Where  large  amounts  of  condensation  are  encountered, 
it  is  recommended  to  use  one  of  the  float  and  thermostatic 
traps,  which  are  available  with  or  without  the  thermostatic 
element.  These  traps  are  available  in  large  capacities  and 
are  mainly  used  for  venting  and  dripping  risers,  steam 
mains,  unit  heaters,  blast  coils,  etc.  These  traps  are  made  in 
four  different  pressure  ranges  15  Ib,  30  Ib,  00  Ib,  and  126  Ib. 
w 

No.  SO  Series  Trap 

VACUUM  AND  CONDENSATION  PUMPS 

The  Hoffman-Economy  line  of  Vacuum  and  Condensation  Pumps  offers  a  dependable 
method  of  economically  returning  the  condensation  from  larger  heating  systems  to  the 
boiler.  These  pumps  are  made  in  single  and  duplex  units,  for  varying  capacities  and 
pressures. 

HOFFMAN  SALES  AND  SERVICE 

Hoffman  Products  are  sold  and  stocked  by  leading  wholesalers  of  heating  and  plumbing 
supplies  everywhere.  Hoffman  representatives  are  available  to  assist  in  selection  of 
suitable  equipment  for  various  services. 
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ILLINOIS   ENGINEERING   COMPANY 


General  Offices 
and  Factory : 

Chicago 


Brunch  OH  uml 

Rt'prci'iKMitfttivfeft 

In  Principal  Cities 


Illinois  Selective  Pressure 
Control  Systems 

An  entirely  new  and  unique 
method  of  Steam  Circulation 
Control  .  .  .  Heating  Systems 
that  set  new  standards  in 
comfort,  economy,  simplicity 
and  convenience  of  operation. 
Each  system  is  individually 
engineered  to  meet  the  exact 
requirements.  Recorded  fuel 
savings,  without  sacrifice  of 
much  SeKc-  comfort,  warrant  your  inves- 
tive  Controller  tigation,  Ask  for  Bulletin  16. 

Illinois  Thermo  Radiator  Traps 

Illinois 
Thermo  Ra- 
diator Traps 
for  vacuum, 
vapor  and 
low  pressure 
heating  sys- 
tems. Has 
cone  type 
valve, 
Flushes  thoroughly  and  seats  perfectly  at 
all  times.  Valve  and  seat  are  of  Nitralloy. 
The  duplex  diaphragm  is  of  special  phos- 
phor bronze.  Scientific  design  and  rugged 
construction  assure  flexibility  and  long  life, 
These  diaphragms  have  withstood  over 
three  million  strokes  on  a  breakdown  test. 
Made  in  three  sizes  J^  inv  J^  in.  and  1  in. 
and  in  a  variety  of  patterns. 

Special  thermostatic  traps  can  be  fur- 
nished for  working  pressures  up  to  125  Ib. 

Illinois  Modulating  Supply  Valve 

Quick-opening, 
packless.  Steam  tight 
on  50  Ib  pressure. 
Large  diameter  of 
thread  spool  and  ma- 
chine  cut  threads 
make  valve  operation 
easy.  Furnished  in  a 
complete  line  of  sizes 
and  patterns, 


Strits  G 


Illinois  Combination  F  &  T  Traps 

Unsurpassed  for 
draining  ventilating 
units,  unit  heaters, 
and  lor  dripping 
mains  and  risers — 
wherever  it  is  desira- 
ble quickly  to  vent  air 
from  the  main  as  well 
as  handle  the  water  of 
condensation  in 
quantity,  whether 
hot  or  cold. 


Illinois  Flow  Control  Valves 


In  law  installations  where 

process  steam  or  /on ing  require- 
ments do  not  permit  the  vari- 
able control  of  combustion,  and 
in  housing  project  s or  on  Central 
Station  itervice,  Illinois  Flow 
Control  Valves  arc  used-  They 
uret  of  the  full  flouting  type, 
giving  complete  regulation  of 
steam  flow.  Furnished  for 
manual,  pneumatic  or  electric 
operation.  Aek  for  Bulletin 
517, 


Illinois  Return  Trap 


Type  I 


Automatic- 
ally returns 
the  condensa- 
tion to  the 
boiler,  regard- 
leas  of  pressure 
on  the  boiler 
up  to  8  Ib,  at 
the  same  time 
discharging 
the  air.  Insures  positive  and  complete 
circulation,  and  prevents  cracked  boiler 
sections, 

Trap  is  self-contained,  with  no  external 
working  parts  to  be  misacl  justed,  tampered 
with  or  injured.  No  stuffing  boxes  or 
packed  joints,  which  insures  continuous 
tightness  against  air  or  water  leakage. 
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ILLINOIS  ENGINEERING   COMPANY 


General  Offices 
and  Factory; 

Chicago 


Illinois  Motorized  Valves  (on  and  off) 

Prevent  over- 
heating and  fuel 
waste    in    large 
buildings    or 
groups    of 
u  i  1  d  i  n  g  s 
[  heated  from 
lone   central 
>  power  plant. 
Buildings  may 
be  zoned  as  to 
occupancy,  time,  location, 
exposure  and   so  on.     In 
many  installations  this  valve 
has  paid  for  itself  in  one 
heating  season. 

Illinois  Reducing  Valve 

In  general  use  on 
vacuum  or  low  pres- 
sure heating  systems. 
Will  reduce  to  4  oz 
pressure  from  an  in- 
itial pressure  of  150  Ib. 
The  large  diaphragm 
insures  sensitive  opera- 
tion. Made  in  both 
straightway  and  ex- 
pan  cfed  outlet  bodies 
in  sizes  from  %  in.  to  12  in. 

Master  Type  Pressure  Regulator 

For  exacting  re- 
quirements, such  as 
tire  and  rubber  vul- 
canizing, chemical 
process  pressure 
control,  and  wher- 
ever high  pressure 
stearn  must  be  ac- 
curately reduced  in 
varying  amount  to 
any  steady  lower 
pressure  not  less 
than  10  ib. 

It  will  reduce 
initial  pressure  up 

to  300  Ib  down  to  any  lower  pressure  not 
less  than  10  Ib,  and  does  not  buildup 
pressure  on  a  closed  or  dead  end  line. 
Made  of  bronze  with  Monel  metal  valves 
and  seats. 


Branches  and 

Representatives 

in  Principal  Cities 


Illinois  Steam  Trap 

Valve  and 
stem  are 
separate 
from  the 
bucket  and 
operated  only 
by  the  bucket 
at  the  ex- 
treme top 
and  bottom 
of  travel — 
result — valve 
is  always 
either  full 

Series  30  °$™°r  *&* 

dosed .      JN  o 

wire  drawing  or  cutting  of  valve  and  seat 
which  are  of  Monel  metal. 

Eclipse  Spring  Controlled 
Regulating  Valve 

Furnished  in  either  single 
seated  or  double  seated  type 
as  the  service  conditions  re- 
quire, for  the  control  of 
steam,  air  or  gas.  Con- 
trolling spring  is  completely 
enclosed,  protecting  it  from 
dirt  and  rust.  Valves  are 
furnished  with  the  proper 
size  diaphragm  and  the 
proper  length  spring  to  give 
satisfactory^  service  under 
all  operating  conditions. 

Steam  and  Oil  Separators 

Eclipse  steain  sepa- 
rators are  made  in  both 
horizontal  and  vertical 
type,  and  also  the 
special  receiver  sepa- 
rators for  standard  or 
extra  heavy  pressures. 

Eclipse  oil  separators 
are  furnished  in  the 
horizontal  type  and 
have  a  removable  baffle 
plate  to  facilitate  clean- 
ing of  baffle  and  keep- 
ing the  separator's  effi- 
ciency at  the  highest  point. 


Vertical  Standard 
Separators 
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Sarco  Company,  Inc. 

183  Madison  Avc\,  New  York,  N.  Y. 

Branches  hi  Principal  Cities 

SARCO  CANADA  LIMITED,  Hfl  RICHMOND  tfr.,  W,,  TORONTO. 


ttellwos-Packless  Valve 


PRODUCTS— A  complete  line  of  Specialities  for  Vapor,  Vacuum  and  Gravity 
Steam  Heating  Systems  and  Control  combined  with  a  competent  Engineering 
Service  to  architects  and  heating  engineers  to  assist  them  in  providing  modern 
heating. 


SARCO  RADIATOR  TRAPS 

Sarco  Heating  Systema  are  "prestige  Syeiems."  The 
traps  and  valves  are  the  system  as  far  a»  maintenance 
and  cost  are  concerned. 

Sarco  Type  II  Traps-  -  Are  available  m  angle, 
straightway,  and  corner  patterns.  The  Sarco  Thermo- 
stat ic  Bellows— made  by  special  t  machinery,  has  not 
been  duplicated  or  even  imitated  with  suceets.  It  works 
efficiently,  repeatedly  and  persistently  It  has  worked 
that  way  for  a  quarter  of  a  century,  Si/,en  J^j  in,  to  1  in, 
Catalog  HV46, 


SARCO  RADIATOR  VALVES 

Sarco  Packless  Valves  U«ed  for  one  and  two  pipe 
heating  systems  and  arc  truly  packkm  Steam  leaks 
are  impossible,  Furnished  with  round  or  lever  handles 
or  lock  shield  in  angle,  straightway,  or  corner  patterns. 
Sixes  K  in,  to  1>'2  in.  Catalog  IlV-45» 


SARCO  N-100  TRAP 

For  high  pressure  radiators  and  heating  coila  in  sta- 
tionary and  marine  service,  and  for  hospital  and  kitchen 
equipment*  Has  full  length  protecting  shield  and 
stainless  steel  valve  head  and  scat.  Sixes  J«  in.  to  I  in. 
Catalog  HV-46. 


SARCO  PLOAT-THBRMOSTATIC  TRAPS 

For  dripping  ends  of  mains  and  risera,  and  for  stack 
or  blast  heaters,  large  unit  heaters  and  hot  water 
generators,  Automatic  thermostatic  air  vents  built  in. 
Available  in  six  sizes  with  connections  M  in.  to  2  in. 
Catalog  HV-38. 


SARCO  INVERTED  BUCKET  TRAPS 

Are  recommended  for  high  pressure  unit  heaters  and 
sometimes  preferred  for  kitchen  and  laundry  equipment. 
Strainers  are  built  right  into  these  sturdy  traps.  Seats 
and  valves  are  stainless  steel  and  renewable.  Ther- 
mostatic air  vents  can  be  furnished  on  the  larger  sizes. 
Available  in  sizes  ^  in.  to  2  in.  for  pressures  up  to  900 
Ib.  Catalog  HV-165. 
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N»IQO  Medium  Pressure  Trap 

P- 


Inverted  Bucket  Trap 


Sarco  Company,  Inc. 
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•  Steam 


SARCO  ALTERNATING  RECEIVER 

A  complete  line  of  boiler  return  traps  for  vapor 
systems. 

Returns  water  of  condensation  to  boiler  auto- 
matically, thereby  assuring  positive  return  of  water 
under  all  pressure  conditions. 

Made  in  six  sixes  for  from  1,500  to  25,000  sq  ft  of 
radiation,  Catalog  I1V-45. 


SARCO  AIR  ELIMINATORS 

For  venting  air  from  vapor  systems  at  one 
central  point  in  the  basement.  Available  in 
two  sixes:  No.  6  for  systems  up  to  3,000  sq  ft 
and  No,  12-A  for  15,000  sq  ft,  Both  are 
equipped  with  float  valves  to  stop  water 
escaping  ^through  the  vent  and  with  check 

valves  to  prevent  ingress  of  air  when  system  is  under 

vacuum.    Catalog  I1V45. 


SARCO  SELF-CONTAINED 
TEMPERATURE  REGULATORS 

Sarco  Temperature  Regulators  are  simple,  self- 
operated  valves—the  only  self-contained  units  that  use 
the  irresistible  force  of  liquid  expansion,  No  stuffing 
boxes  to  leak,  no  auxiliary  "power"  required;  all 
moving  parts  are  inside  the  equipment.  Here  again — 
a  type  and  sine  for  every  purpose— for  steam,  gas,  oil, 
water  or  brine  for  temperatures  ranging  from  0  to 
400°  K.  Catalog  HV-52, ' 


SARCO  WATER  BLENDERS 
AND  TEMPERING  VALVES 

For  mixing  hot  and  cold  water  to  deliver  auto- 
matically water  at  any  desired  temperature,  Two 
models  are  available,  type  M  B  for  showers,  wash  basins, 
etc,,  and  type  DB,  a  tempering  valve  for  use  with 
submerged  heating  coils  or  tankless  heaters.  Catalog 
HV-140. 


SARGOFLOW  BALANCING  FITTINGS 


to 


Balancing  Fittings 


For  balancing  radiators  in  hot  water  heating  systems, 
secure  uniform  temperatures  in  all  rooms, 

Sarcoflows  are  placed  in  the  radiator  outlets  instead  of  ordinary 
union  ells  and  can  be  adjusted  to  throttle  the  water  flow  thru 
each  radiator  as  needed. 

Available  in  three  patterns  with  either  screwed  or  sweat  type 
connections.  Catalog  HV-221, 

SARCO  ELECTRIC  CONTROLS 

Comprise  room  thermostats,  aquastats,  and  limit  controls  for 
all  heating  ami  air  conditioning  needs;  also  motor  valves  for 
steam,  water,  brine,  or  freon. 

Sarco  has  available  direct-by-thc-wcather  control  systems  for  steam  and  hot  water 
heated  buildings.    Catalogs  HV-209  and  HV-210, 
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TRIPLEX  DISTRIBUTOR  and  AIR  ELIMINATOR  FITTINGS 

COPPER  PIPE  DISTRIBUTORS 


Main 
Pipe  Size 


Outlet 


Run 

V/  x  W 
l"xl" 

'"roTy4' 
IRON  PIPE  DISTRIBUTORS 


~  "Ship?"" 
Wt. 

1  Ib. 

2  lb». 


CUT     OPS  N  Vlf  W  Of- 


TRIPLEX 
DISTRIBUTOR 

Circulating  fittings  for  one 
pipe  systems*  Efficiency 
comparable  to  a  two  pipe 
system.  Only  one  fitting 
per  radiator,  except  where 
basement  radiators  are  in- 
stalled which  require  two 
Distributors,  By  closing  a 
radiator  valve  the  full  area 
of  the  main  is  bypassed 
through  the  fitting  to  the 
balance  of  system. 

SAFE-T  BOILER  PLUG 


DETAIL   OF  DISTRIBUTOR    INSTALLATION 


No. 


s 


»?/£;;w 

Break, 
Press. 


Positive  relief  from  dan- 
gerous pressures.  Includ- 
ed with  Flow  Control 
Systems  (complete), 
Tank-in- Basement  Sys- 
tems, No.  7  and  8  Con- 
trol Units.  Breakages  of 
boiler  from  excessive 
pressure  eliminated  and 
protection  assured. 


AIR  ELIMINATOR 

A  positive  _  method  of  per- 
manently eliminating  air  from 
concealed  copper  or  cast  iron 
radiator  after  the  system  is 
vented  the  first  time.  Sixes 
1  to  3  in. 


40  lb«, 


75  Ibi. 


lOOlbfi. 


Breaking 
Bars 


Wht.  Iron 


Wht,  Iron 
Wht,  Iron 


Wht,  Iron 


Dia- 
phragms 


Lead 
Uad 


Lead 


Dimensions 


Wd,  Ht,  Dia, 

4'/2 

41/2 
4i£ 

A 


Ship, 

Wt. 


Bibs. 


TRIPLEX  CONTROL  UNITS 

Easily  Installed,  All  water  attained  as  it  enters 
system.  vStrainer  cast  integral  with  Pressure 
Reducing  Valve.  Proper  amount  of  water  main- 
tained In  the  system  and  the  city  water  pressure 

No.  7    CONTROL  UNIT  is  a  positive  protection  against  boiler  breakages 

^ 


reduced  with  the  Pressure  Reducing  Valve.  The 
fast-filling  feature  will  save  the  cost  of  the 
unit  in  time  saved  filling  the  system.  The 

Relief  Differential  Type  Valve,  seating  under  water 
and  has  lever  for  testing  and  flushing,  Check  ia 
between  Relief  and  Pressure  Reducing  Vulvea. 


No. 


7 
14 
I4B" 


Tapped 


Vi" 

*'// 


Body 

RTP.Tron" 
R.^P.'lrorT 
R.  P.  Iron 


R.  P.  Iron 
*R:Pflron"~ 


Diaphragms 

Springs 

Dimensions 

Length 

Ht. 

E 

Bronze 

_  Bz.  &  R^Stl^ 

JW.^ 

6V/ 

3 

Bronze 

"  Bz.  fit  R.  P.  Stl. 

ioy/ 

r.-63/4*n.' 

'"'3 

Bronze 

Bz.  &  R,  P.  Stl, 

93/4" 

6%*""' 

3 

Bronze 

"  Bz.&R.P.Stl. 

9Vt// 

6y/ 

3 

Bronze 

Bz.  &  R.  P.  Stl. 

9^/4ff 

63/fl// 

3 

Bronze 

*  Bz.&R.P.Stl. 

'""9'/4V™ 

6'x 

"3 
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3'/4" 


Ship. 
Wt. 

91/4  Ibs,  ' 
121/4  Ibs/ 
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WARREN  WEBSTER  &  COMPANY 

Pioneers  of  the  Vacuum  System  of  Steam  Heating 

Ma;n  office  and  Factory; 
Camden,  New  Jersey 

Representatives  In  over  60  cities— 
Consult  Your  Local  Phono  Directory 


SUam  Heating 


UN|T   HEATERS 


PRODUCTS  AND  SERVICES 

Webster  Systems  of  Steam,  Heating 
including  Vacuum  and  Type  "R" 
(vapor). 

Webster  Central  Control  Systems 
including  HYLO  and  MODERATOR. 

Modernization  of  Obsolete  and 
Faulty  Heating  Systems. 

Webster  System  Equipment  in- 
cluding Light-Weight  Concealed  Ra- 
diation (Gravity  Convection  Heaters), 
Radiator  Supply  Valves,  Metering 
Orifices,  Thermostatic  Traps,  Drip 
Traps,  Heavy  Duty  Traps,  Dirt  Strain- 
ers, Dirt  Pockets,  Boiler  Return  Traps, 
Vent  Traps,  Damper  Regulators, 
Boiler  Protectors,  Lift  Fittings,  Ex- 
pansion Joints,  Separating  Tanks, 
Steam  and  Oil  Separators,  Steam 
Vacuum  Pump  Governors,  Air  Sepa- 
rating and  Receiving  Tanks,  Gages, 
Water  Accumulators. 

Webster  Series  "78"  and  Series  "79" 
Traps  for  use  at  process  pressures  (10 
to  150  Ib  per  sq  in.) 

Webster-Nesbitt  Unit  Heaters  and 
Residential  Conditioners. 

WEBSTER  SYSTEMS 

<  Webster  Systems  are  low  pressure,  two- 
pipe  systems  of  steam  circulation  with  the 
addition  of  accurately-sized  metering  ori- 
fices at  radiator  supply  connections  and, 
when  required,  intermediate  metering  ori- 
fices at  points  in  branch  mains.  Metering 
orifices  effect  even  distribution  of  steam  to 
all  parts  of  the  heating  system  and  permit 


Fig.  1.    Conventional  arrangement  of  piping  around 

Webster  Basement  Equipment  for  the  Webster  Type 

"R"  System 


the  successful  application  of  a  centralized 
control.  Webster  Valves  are  uned  at  sup- 
ply of  radiators,  Webster  Thermostatic 
Traps  prevent  flow  of  atenm  into  return 
mains  when  radiators  are  filled.  Webster 
Drip  Traps  and  Dirt  Strainers  arc  used 
where  needed  on  steam  mains,  Webster 
Systems  arc  available  for  vacuum,  open 
return  or  "vapor"  operation,  The  Type 
"R"  System  corresponds  to  the  so-called 
Vapor  type.  Fitf.  I  illustrate^  a  typical 
arrangement  of  Boiler  Return  Trap^vent 
Trap,  etc.,  when  low  pressure  boiler  is  the 
source  of  steam. 

WEBSTER  CENTRAL  CONTROLS 

These  are  patented  systems  for  varying 
the  amount  of  steam  to  all  radiators  ac- 
cording to  outside  temperature.  They 
provide  continuous  heat  delivery  with  effec- 
tive fractional  filing  of  radiators.  The 
Hylo  Systems  may^  oe  provided  for 
manual  control,  or  if  desired,  may  be 
semi-automatic  by  incorporation  of  inside 
thermostat  or  thermostat  and  schedule 
clock.  The  Moderator  Systems  employ 
an  automatic  Outdoor  Thermostat  sup- 
plemented by  a  manual  Variator. 

The  latter  is  used  for  quick  heating-up, 
night  load,  and  unusual  weather  or  oc- 
cupancy conditions.  Use  of  Webster 
Central  Control  Systems  results  in  U) 
increased  comfort  because  over-heating 
and  underh eating  are  minimized  and  (2; 
lower  fuel  or  steam  costs. 


Fig  8.    Webster  System  Radiation 
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WEBSTER  SYSTEM  RADIATION 

Concealed,  non-ferrous  type  for  use 
exclusively  with  Improved  Webster  Sys- 
tems. Is  unique  in  that  it  combines  in  a 
single  unit,  a  light- weight  heating  element 
of  high  efficiency  with  an  orificeu  radiator 
supply  valve,  a  radiator  trap  and  supply 
and  return  piping  connections.  Metal 
enclosures  for  installation  within  the  wall 
and  exposed  metal  cabinets  are  available. 
Webster  System  Radiation  and  enclosures 
are  so  designed  that  the  entire  heating 
element  can  be  quickly  removed  without 
damage  to  plaster  or  paint.  Space  require- 
ments reduced  to  a  minimum  and  instal- 
lation greatly  simplified. 

RADIATOR  SUPPLY  VALVES 

The  new 
Webster  Se- 
ries 600  and 
Series  600S 
are  supply 
valves  of 
highest  quali- 
ty designed 
to  eliminate 
the  many 
sources  of  an- 
n  o  y  a  n  c  e  s 
caused  by 
valves  of  in- 
ferior design 
and  quality. 
Webster  Sup- 
ply Valves  open  quickly  and  easily  in  less 
than  a  turn  of  the  handle.  They  have  non- 
rising  sterns^  Steam  can  actually  be  shut 
off  from  radiators  because  they  seat  posi- 
tively. 

Type  "WB"  Valve  (Series  600)— Uses 
a  molded  ring  packing  but  may  almost  be 
called  "permanently  packed"  as  the  pack- 
ing seldom  requires  renewing,  A  feature 
is  the  spring-retained;  metal-to-metal  seal 
giving  extra  protection  against  leakage. 
Stancfarcl  models  have  screwed  packing 
gland.  Modulation  sleeve  furnished  on 
special  order  at  slight  added  cost.  This 
type  entirely  suitable  for  hot  water  heating 
service;  furnished  with  or  without  leak  hole 
as  desired. 

Sylphon  Packless  Valve  (Series  600S) 
— Same  features  as  Type  "WB"  except  for 
genuine  seamless  Sylphon  Bellows  to  com- 
pletely encase  valve  stem.  Meets  fully 
''bellows  packless"  specifications.  Modu- 
lation sleeve  is  standard  equipment  for 
J^,  %,  and  1  inch  sizes.  Not  suitable  for 
hot  water  heating  service. 

Bodies  and  Handles— Angle  Body  is 
made  in  J^,  J<£,  1,  1M  and  IK  inch  sizes; 
right  corner,  left  corner,  straightway  (both 
single  and  double  union)  bodies  in  %  and 
1  inch  sizes. 


Fig.  -9.  Webster  Type  "IW  Valve 


The  %  in.  size  is  available  with  H  in,  spud 
also.  Choice  of  wheel,  lever,  lockshield, 
chain  wheel,  and  extended  stem  handles. 

Pressures 
—  For  low 
pressure  vapor 
and  vacuum 
steam  heating 
service.  Maxi- 
mum pressure 
for  Series  600S 
Sylphon  Pack- 
less  Valve,  20 
Ib  per  sq  in.; 
for  Series  600 
Type  "WB" 
Valve,  75  Ib 
per  s  q  in. 
Other  Webster 
Valves  are 
available  on 
order  for  higher  maximum  pressures. 


Fig.  4,   Webster 
Sylphon  Packless  Valve 


Fig.  5.    Metering  Orifice  Inserted  in  Union 

Connection  of  a  Webster  Supply  Valve. 

Other  types  are  available. 

Metering  Orifices — Accurately  sized 
and  made  of  heavy  gage^onel  Metal  to 
resist  erosion  and  corrosion,  amply  thick 
to  be  free  from  vibration  and  shaped  for 
quiet  operation. 

RETURN  TRAPS 
Sylphon— 
Perfected 
thermostat-  i 
ic  bellows 
trap,    fully 
compensat- 
ed for  pres- 
sure. Stain- 
less   steel 
valve  piece 
and  renew- 
able seat. 
Factory  ad- 
justed.   Made  in  angle,  right-corner,  left- 
corner,  vertical  and  straightway  bodies. 
Sizes:    %,  M  and  1  in.    For  low  pressure 


Webster  50$  Sylphon  Trap 
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vapor  and  vacuum  steam  healing  service. 
Maximum  pressure  25  It)  per  sq  in. 

Series 
"7M"~ 

Perfected 
diaphragm- 
type  ther- 
mos t  a  t  i  c 
trap,  fully 
compensat- 
ed for  pres- 
sure. tJses 
Monel 
Metal  dia- 
phragm , 
Stainless  Steel  valve  piece  and  seat;  insert. 
Renewable  seat-  Factory  adjusted,  Made 
in  angle,  right-corner,  left-corner,  vertical 
and  straightway  bodies.  Sizes:  J/$,  % 
and  1  in.  For  low  pressure  vapor  and 
vacuum  steam  heating  service,  Maximum 
pressure  25  Ib  per  sq  in. 

Series  7  with  phosphor-bronze  dia- 
phragm, brass  valve  piece  and  seat  is  also 
available. 


Fig.  7.  Websler  .S'w 


Trap 


Pis.  8.      The  Webster  Size  00®$-T  Drip  Trap  is 
Rated  700  Ib  Water  per  Hour  at  %  Ib  Pressure  Difference 

Series  "26"— A  heavy  duty  trap  for 
drips  of  mains,  blast  radiation,  unit 
heaters,  hot  water  generators  and  similar 
applications.  A  rugged  float-type  trap 
available  with  and  without  thermostatic 
air  vent.  Made  in  six  sizes:  200,  700, 
1200,  2400,  5000  and  11,700  Ib  water  per 
hour  at  2  Ib  pressure  difference.  Maximum 
working  pressure  is  15  Ib  per  sq  in. 

'  Series  "78" 
—  thermostatic 
trap  built  for 
process  steam 
pressures  (10  to 
150  Ib  per  sq 
in.)  .  Monel 
Metal  dia- 
phragm. Stain- 
less  Steel  valve 


piece  and  seat  i nsert ,  Angle  model  only. 
Sizes;  f/|j,  K»  Ji  and  I  in,  Extensively 
used  with  laundry,  cooking,  sterilising 
and  other  process-steam  uaee. 

Series  **79" For  use  where  large 

volumes  of  very  hot  condenaate  form  more 
quickly  than  can  be  discharged  by  thermo- 
static traijs  alone.  Float  and  thermostatic 
traps  designed  for  normal  working  pres- 
sures between  15  and  150  Ib  per  sq  in, 
Water  of  condensation  is  passed  through  a 
float-controlled  seat  opening  while  air  is 
discharged  into  the  return  piping  by  a 
thermostatically  controlled  vent.  Com- 
pact and  light  in  weight.  Can  be  readily 
mounted  in  a  pipe  line  without  other 
support.  Available  with  either  %  in.  or 
1  in,  inlet  and  outlet, 

Cast  iron  body,  copper  asbestos  gasket 
and  cover  bolted  together  with  steel  cap 
screws,  Monel  Metal  valve  piece  and 
stem,  Stainless  steel  seat*  Air  vent  unit 
is  Monel  Metal  diaphragm  with  Stainless 
Steel  valve  piece  and  'brass  seat  with 
Stainless  Steel  insert . 

DIRT  STRAINERS  AND  POCKETS 

Placed  in  return  lines  of  steam  heating 
systems  to  prevent  dirt,  rust  and  scale 
from  impairing  tightness  of  traps. 


/'*«.  10.    SIM  84C-t  W<sb$t0r  Boiler  Protector  with 

Low  Water  lUtdrical  Cutout  Switch.    Sm  $4  has 

no  Cut-out  Switch 

BOILER  PROTECTOR 

Prevents  breakage  in  low  pressure 
heating  boilers  when  water  level  becomes 
inadequate.  Automatically  supplies  raw 
water  to  boiler  when  water  level  drops  to 
1  in.  above  bottom  of  gage  glass. 

For  maximum  boiler  pressure  of  15  Ib 
per  sq  in,  Maximum  cold  water  main 
pressure  should  not  exceed  150  Ib  per  sq 
in.;  minimum  must  not  be  less  than  25  Ib 
per  sq  in. 

Made  with  %,  in.  connections,  with  or 
without  electrical  cut-out  switch. 


Warren  Webster  &  Company 
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WEBSTER-NESBITT  UNIT  HEATERS 

Arc  manufactured  by  John  J.  Nesbitt, 
Inc.,  Holmesburg,  Philadelphia,  Pa.,  and 
are  distributed  solely  through  Warren 
Webster  <Sc  Company,  Camclen,  New 
Jersey.  Designed  to  circulate  large  vol- 
umes of  air  at  comparatively  low  tem- 
peratures, assuring  quick  heating. 

Ratings  of  Webster- Nesbitt  Unit  Heaters 
are  based  on  tests  made  in  accordance  with 
standard  test  code  of  Industrial  Unit- 
Heater  Association  and  A.S.H.V.E. 


Fig.  11.    Standard  Propeller-Fan  Type 
PROPELLER-FAN  UNIT  HEATERS 

Newly  designed  twenty-one  unit  models 
now  available  giving  a  wide  selective  range. 
Quiet  large  area  blade  fans,  Rubber- 
isolated  motors;  single  or  multisj>eed. 
Compact  suspended  type.  Sturdy  casings. 
Modern  styling.  Catalog  W-N  111. 

GIANT  UNIT  HEATERS 

Blower-fan  type  for 
economical  heating  of 
large  areas,  Floor- 
mounted,  wall-mount- 
e(l>  ceiling-suspended, 
from  109,000  Btu,  2620 
cfm  to  1,008,000  Btu, 
16,000  cfm  with  2  Ib 
steam,  60  degrees  enter- 
ing  air.  With  or  with- 
out  Thermadjust  Tem- 
per  at  ure  Control 
Damper,  Catalog 
W-N  104. 


F  UNIT  HEATERS 

Centrifugal  fan  type 
for  lobbies,  showrooms, 
offices  where  quietness 
and  appearance  count. 
Four  casing  sizes  with 
two  radiator  sizes  avail- 
able for  each  casing. 
Floor  or  ceiling  mount- 
ing. Publication  W-N 
105. 


Fig.  U 
Blower-Fan  Type 

SERIES 


i  i 


Fig.  14  Pi&.ir*.  Horizon- 

"Little  Giant"  Down  Blow  Type        lal  Blow  Type 

LITTLE  GIANT  UNIT  HEATERS 

t  New,  light,  compact,  draw  -  through, 
high-velocity  units  available  in  down  blow 
and  horizontal  blow  models.  39,200  Btu, 
710  cfm  to  625,000  Btu,  9150  cfm. 

Down  Blow  Type— In  general,  indicated 
when^  the  presence  of  cranes  and  other 
machinery  requires  that  the  unit  and 
piping  be  located  well  above  the  floor  level. 

Horizontal  Blow  Type — Application 
follows  principles  of  heat  distribution  regu- 
larly employee!  in  suspended  blower  fan 
type  heater.  Units  are  located  closer  to 
working  zone  than  in  the  case  of  the  Down 
Blow  type.  See  Publication  W-N  109. 

RESIDENTIAL  CONDITIONERS 


Fig.  10 


Series  R 


Series  R — For  large  and  small  resi- 
dences. In  two-section  combinations  for 
winter  heating  only-  with  steam  or  hot 
water  systems;  or  for  heating,  air  cleaning 
and  humidification  (with  a  trouble-free 
cascade-type  of  humidifier)  for  summer 
cooling  and  dehumiclification  with  cold 
water.  Eightbasicsix.es:  750  to  4000  cfm. 

Series  D— 

Simplified 
compact  unit 
heating  sys- 
tems for  apart  - 
m e  n  t  s  and 
multiple  resi- 
dences, Ayail- 
a  b  1  e  with 
steam  or  hot 
water  heating 
element.  Three 
sixes:  300,  450, 
600  cfm. 

Series  A— For  apartments.  All  the 
newly  designed  features  of  Series  D  Units 
plus  (in  a  little  added  space)  air  cleaning; 
winter  humidification,  and  summer  cooling 
with  cold  water.  Four  sizes:  350  to  1000 
cfm.  Send  for  Publication  W-N  107. 


Fig.  17 
Series  D 


Fig.  18 
Series  A 
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The  Vinco  Company,  Inc. 

305  East  45th  Street  New  York,  N.  Y. 


Jfailcr  Cleanser 
8,  &  and  JO  Ib  canst 


Vinco  Testing 

Kit  No.  10 
{Patent  applied  for) 


VINCO  BOILER  CLEANSER 

A  positively  harmless  insoluble  powder  cleaner  for  new, 
remodeled  and  old  heating  systems.  A  unique,  scientifically 
processed  compound  on  a  special  formula  not  to  be  confused 
with  other  powder  boiler  cleaners. 

What  Vinco  Boiler  Cleanser  Does 

VINCO  removes  oil,  grease,  scale,  rust:  and  dirt  from  the  internal 
surfaces  and  from  the  boiler  water  without,  the  labor  of  blowing  boilers 
over  the  top. 

By  this  thorough  cleaning  Vinco  stops  foaming,  priming,  surging, 
and  slow  steaming. 

How  Vinco  Boiler  Cleanser  Works 

Each  minute  grain  of  VINCO  powder  adsorbs  several  times  its 
own  weight  of  oil,  rust  and  dirt,  These  larger  grains  of  adsorbed 
impurities  then  settle  and  are  drained  through  the  bottom 
according  to  directions  on  each  can* 

Our  Guarantees 

1.  VINCO  contains  no  potash,  lye,  soda  of  any  kind,  oil,  acid,  or 
other  harmful  ingredients. 

2.  Purchase  price  is  refunded  if  results  are  not  as  claimed  when 
VINCO  has  been  used  according  to  direct  ions, 


VINGO  RUST  PREVENTER 

When  used  after  VINCO  Boiler  Cleanser  has  removed  oil, 
grease, t  rust,  scale  and  dirt,  it  will  keep  the  rust  inhibiting 
alkalinity  at  the  optimal  constant  for  a  year  or  more,  (Testing 
kit  below  has  complete  instructions  and  chart.) 


VINGO  TESTING  KIT  No.  10 


for  Testing  Heatinfc  Boiler  Waters 


The  kit  enables  the  layman  to  make  simple,  rapid  tests  to 
diagnose  and  prescribe  correct  treatment  of  boiler  waters  right 
on  the  job. 

A  new  time  saving  method  that  permits  valid  conclusions 
heretofore  requiring  complicated  and  often  lengthy  laboratory 
analysis  and  technique. 

Each  kit  has  sufficient  material  for  about  100  tests, 
Refills  cost  about  2  cents  per  test. 
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VINGO  SOOT-OFF 

Non-explosive,  thoroughly  safe.  No  black  smoke™- no  fire  hazards. 
Destroys  soot  from  coal,  oil  or  gas  burning  heating  equipment, 
Easier,  cleaner,  quicker,  and  more  thorough  than  brushing,  Cleans 
fire  pot,  flues  and  chimney  in  one  simple  operation, 


$oot-()/-~1  lb  fans  only 


Liquid  tioiler  Seal 
I  qt.  canii  only 


VINGO  SUPERFINE  LIQUID  BOILER  SEAL 

A  different  liquid  seal.  Unique  in  thai  it  does  not  induce  priming 
and  foaming.  It  has  no  unpleasant  smell,  Makes  speedy  and 
permanent  repairs  of  boiler  and  heating  system  leaks.  Fine  to  tighten 
up  new  jobs.  Directions  simple. 

Quantities 

Steam  and  Vapor  Systems — Use  1  quart  VINCO  Liquid  Boiler 
Seal  to  each  6  sq.  ft.  grate  area. 

Hot  Water  Systems—Use  2  quarts  VINCO  Liquid  Boiler  Seal 
to  each  (\  sq.  ft.  grate  area. 

SPECIFICATIONS  FOR  COMPLETE 
ff  VINCO  TREATMENT 

of  New  and  Remodeled  Steam  or  Vapor 

Heating  Systems 


CAUTION 

Do  noi  ui«  US  »  cl«»n*lng 
.."'"— .     ||      »...vn.rv  or  »ny  itcld  In  Ihlft 

{gj^Ssill  **"*'• usc  vi"c°- 

DIRECTIONS  FOR  CLCANtNG 

Afltr  ih«  »yit«m  ?»  1«4t«d  and  (Ighl,  u«« 
(h«  proper  aunniHy  of  ViNCO  ll»l«d  on  ih« 
rtverft*  side  of  ihl»  <•«  and  follow  dlrcciiort* 
Klven  on  «ach  can  of  Vlft"CO.  Sadslactory 
r«»ul(9>  will  bo  obtained  In  record' llmo  *|(H 
minimum  o»pens«. 


1 .  These  tags  used  by  the  leading  boiler  manu- 
facturers on  their  boilers  g'ive  proper  directions  for 
cleaning  boilers  of  oil,  grease,  rust,  scale  and  dirt. 

2.  After  using  VINCO  Boiler  Cleanser,  VINCO 
Testing-   Kit   No.    10  and  accompanying  chart 
should  be  used  to  determine  and  apply  the  proper 
quantity  of  VINCO  Rust  Preventer, 

NOTK:  VINCO  Rust  Preventer  should  be  ap- 
plied annually,  but  VINCO  Boiler  Cleanser  need 
only  be  used  when  radiation  has  been  added  or 
piping  changes  have  been  made  or  a  new  boiler 
installed. 

3.  Use  VINCO  Soot-Off  several  times  a  year. 

HOT  WATER  SYSTEMS 

1.  Use  VINCO  Boiler  Cleanser  in  the  quantities  listed  on  above  tags. 

2.  Apply  VINCO  Rust  Preventer  in  the  same  quantities  as  for  steam  or  vapor  systems. 

3.  Use  VINCO  Soot-OlT  several  times  a  year. 
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M^DONNELL&MILLER 

Manufacturers  of  McDONNELL  Boiler  Water  Level  CONTROLS 

General  offices:  Wrigley  Building,  Chicago,  111. 


PRODUCTS: 

Boiler  Water  Feeders;  Feeder-Gut- 
Off  Combinations;  Low  Water  Cut- 
Offs;  Pump  Controls  and  Low  Water 
Alarms  for  Steam  Boilers.  Humidi- 
fier Water  Level  Controls  for  Warm 
Air  Furnaces.  Safety  Valves  for  Hot 
Water  Heating  Boilers.  High  and 
Low  Oil  Switches  and  related  equip- 
ment. 

Boiler  Water  Feeders  —  McDonnell 
boiler  feeders  protect  steam  boilers  from 
low  water  by  automatically  supplying 
water  to  the  boiler  when  it  is  needed  and 
in  exact  proportion  to  the  need.  They  are 
available  in  models  to  suit  every  make  and 
size  of  steam  boiler  with  every  type  of 
firing  and  operating  at  any  pressure  up 
to  75  Ib.  They  are  divided,  broadly,  into 
two  classes:  (1)  Feeders  for  boilers  below 
5000  sq  ft  capacity — largely  taken  care 
of  by  No.  47  or  147;  (2)  Feeders  for 
boilers  above  5000  sq  ft,  largely  taken 
care  of  by  the  No.  51  or  53. 

Feeder  Cut-Off  Combinations— For 

automatically  firecl  boilers  The  McDonnell 
No.  2  Low  Water  Cut-off  Switch  is  added 
to  form  a  feecler-cut-off  combination,  like 
the  47-2,  No.  51-2,  etc.  In  such  a  com- 
bination the  feeder  takes  care  of  the 
normal  water  requirements.  In  case  of  an 
emergency,  however,  such  as  excessive 
priming  and  foaming,  the  low  water  cut-off 
switch  stops  the  burner.  When  the  water 
level  has  been  restored  to  %  in-  in  the 
water  glass,  the  circuit  is  re-established  so 
the  burner  can  start  again.  The  same 
feeder-cut-off  effect  can  be  obtained  by 
using  the  No.  101  Electric  Water  Feeder 
with  either  the  No.  67  Low  Water  Cut-off 
or  with  McDonnell  Built-in  cut-offs.  The 
latter  arrangement  is  the  only  practical 
means  of  making  a  neat,  unobtrusive 
feeder-cut-off  installation  on  a  dressed-up 
jacketed  boiler  with  recessed  water  glass. 

Low  Water  Cut-Offs— If  the  feeder- 
cut-off  combination  is  not  desired,  the  No. 
67  alone  can  be  installed  to  dependably 
stop  the  burner  when  low  water  threatens. 
For  high  pressure  jobs  the  No.  150  will 
serve  not  only  as  a  low  water  cut-off  but  as 
a  boiler  feeder  and  low  water  alarm  as 
well — for  pressures  as  high  as  150  Ibs. 


47-7 


No,  tf/-#  Ptedcr-Cut- 
O/  Combination  is  for 
automatically  fired 
boilers  above  fiooo  sqft. 
maximum  steam  pres* 
sure,  95  Ibs.  Us«  No, 
Gl  (without  No.  U  Cut- 
off switch)  for  hand 
fired  boilers,  For  prpK" 
sums  from  8tt  to  7f>  Ibat 
use.  the  No.  fift.  tttec- 
tricd  rating  of  No,  si 
Cut-off  Switch:  A.C,  — 
up*,  iw-m  v.; 


,Vo,  4?*t  Feeder" 
r«f"O//M  Combina* 
ttiw  in  for  auto* 
mtitttali.v  fired 
Itinltrx  betfw  f(K)0 
A(/  ft  capacity "^ 
maximum  &t«am 
prtAXHrt  H ft  Ibs. 
JVo,  47  i* /or  hand 
J/ircd  b(»tttsr"""'3ame 
strvit*  rangv,  but 
without  No.  * 
Switch*  (  For  pro* 
ttxx  tmifars  btstow 
MXM 119  ft  eafia-city 
or  /or  boilers  qf 
tkiy  $tm  with  prts* 
;inrc  up  to  3<r>  H>sr 
urn  (hi  No.  147. 


51-2 


JVo.^7  Ltw  Wuttr  Cut»0/  w  for  auto 
tttatic&lly  Jirfd   boilers    of  any   site; 
maximum  steam  pntMurt,  i/l  tbs,  flat 
twt)  switches—  'OM  operate  alarm  or 
controls  No.  Wl  Metric  Fetter  (Mow), 
other    rir/.v    a*    low 
w&tfr  ful»nlF.  Rating 
(each  mvitcH):  A.C. 


t    . 
it  n  v. 


67 


No.  Wl  Electric  Wttltr 
Feeder  for  use  with  Afo.  87  or 
Built-in  Cut*t>/s  (se*  next 
page)  to  provide  Feeder-Cut- 
off Combinations. 


150 


No,  ISO  Combina- 
tion Pump  Control 
Low  Wakr  Cut-off 
and  Alarm,  for 
steam  pressures  up 
to  tfio  Ibs.  Has 
two  switches;  one 
controls  pump  — 
other  stops  burner 
and  completes 
alarm  circuit  when 
water  level  falls  to 
danger  zone, 
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Advanced  features — A  notable  ad- 
vance in  the  No.  47  and  No.  67  is  the  deep 
sediment  chamber  with  McDonnell-built, 
self-closing,  large-capacity,  straight- 
through  blow-off  valve  which  complies 
with  _  the  A.S.M.E.  Boiler  Code.  This 
permits  draining  the  float  chamber  faster 
than  water  can  flow  into  it  so  that  the 
insurance  inspector  or  owner  can  check 
operation,  Other  features  of  McDonnell 
feeders  and  cut-offs  include:  patented 
Quick-Hook-Up,  patented  cool  feed  valves, 
finer  stainless  steel  valves,  large  area 
(14  sq  in.)  built-in  strainers,  and  packless 
(sylphon)  construction. 

Built-in  Low  Water  Cut-Offs 

McDonnell  "Built-in"  Low  Water  Cut- 
offs have  been  chosen  as  standard  equip- 
ment on  modern  jacketed  boilers  and 
boiler  manufacturers  have  provided  a 
tapping  in  which  they  can  be  quickly  and 
neatly  installed.  A  recent  development  is 
the  self-cleaning  feature  which  insures 
dependable  operation  even  when  mud  and 
silt  are  present  in  the  boiler  water,  Mc- 
Donnell "Built-ins"  should  be  specified 
with  the  boiler  to  insure  the  proper  type 
for  a  particular  make. 


Illustration  shows  hmu  special  jloat  shield  design 
directs  boiler  water  circulation  through  the,  shield, 
constantly  flushing  space  around  Jloat  and  bellows. 


McDonnell  No.  217  Humidifier  Water 
Control  for  automatically  maintain- 
ing proper  water  level  in  evaporation 
pans  of  warm  air  furnaces — A  new 

snap  action  eliminates  the  tendency  of 
former  controls  to  become  stopped  up  by 
foreign  matter  or  to  stick  and  become 
inoperative  due  to  the  presence  of  lime  and 
scale.  This  valve  has  only  two  positions 
— tight  closed  and  wide  open.  When 
water  falls  %  in.  in  pan  it  snaps  wide  open 
feeding  a  full  stream  that  flushes  away  all 


Phantom  view  showing  how  the  McDonnell  No.  817 
Humidifier  valve  is  installed  on  the  humidifying 
pans  of  warm  air  furnaces.  Us  snap  action  prevents 
the  cloqging  and  caking  that  soon  stops  the  ordinary 
humidifying  valve. 


foreign  matter,  lime  and  scale.  It  stays 
wide  open  until  level  is  restored,  then 
snaps  to  a  tight  leak-proof  closure  against 
any  water  pressure  up  to  150  Ibs. 

The  McDonnell  No.  217  Humidifier 
Water  Control  can  be  adapted  to  fit  all 
furnaces.  Available  as  float  and  valve  unit 
only;  with  sturdy  float  chamber;  with 
fittings  and  tubing  for  tapping  into  water 
supply  pipe;  or  as  complete  humidifying 
unit  with  evaporating  pans  of  various  sizes, 

McDonnell  No.  29  Safety  Valve  for 
Hot  Water  Heating  Boilers-Tests  (avail- 
able to  you)  prove 
that  this  is  the  first 
safety  valve  that  will 
positively  prevent 
pressure  rising  above 
its  set  relief  point  of 
29  Ibs.  It  does  not 
simply  crack  open 
when  the  relief  point 
is  reached  as  former 
types  do;  it  snaps 
wide  open  and  quickly 
relieves  the  pressure; 
then  snaps  to  a  leak- 
proof  closure.  The 
No,  29  complies  with 
the  A.S.M.E.  code. 
It  is  factory  set  and  defies  tampering. 


No.  29 


While  the  No.  29  takes  its  name  from 
the  setting  at  which  it  relieves  pressure — 
29  Ibs — other  developments  of  this  same 
safety  valve,  utilizing  the  same  design  and 
operating  principles,  are  available  to  re- 
lieve pressure  at  various  higher  settings. 
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AMERICAN 
RADIATOR 

CORPORATION 


YOU  CAN  FILL  EVERY  HEATING  NEED  FROM  THIS  COMPLETE  LINE 


American  Heating  Equipment  includes 
Boilers  of  all  types,  in  all  sizes  for  Coal — 
stoker  or  hand-fired,  Oil  or  Gas— and  a 
full  line  of  Radiators,  Convectors,  Oil 


Burners,  Domestic  Water  Heaters  and 
Accessories,  all  backed  by  the  undivided 
responsibility  of  the  world's  largest 
Heating  and  Plumbing  organization. 


ARGO 
RADIATOR 

Slim,  space- 
saving  an  el 
highly  efficient, 
the  Arco  Radi- 
ator conies  in 
three  narrow 
widths  and  in 
four  heights. 


ARCOFLAME 
OIL  BURNERS 

The  Model  "C"  Arco- 
flaine  has  a  capacity  of  up 
to  3  gallons  per  hour,  The 
Model  "L"  (not  shown) 
from  3  to  7  gallons  per 
hour.  Both  embody  un- 
usual and  highly  efficient 
features. 


OORTO 
RADIATOR 

The  Corto  is 
the  original 
thin  tube  ra- 
diator. It  is 
available  in 
seven  heights 
and  five 
widths. 


Arco  Radiator 


Area  MuUifm 
Convedw 


Corto  Radiator 
ARCO 
MULTIFIN 
GONVEGTOR 

Non-ferrous. 
Highly  efficient. 
For  all  systems 
except  one-pipe 
steam.  Available 
in  five  widths. 


Arco  Connector 


Sunrad  Radiator 


SUNRAD  RADIATOR 

Streamlined  and  modern, 
the  Sunrad  is  one  integral 
unit  and  supplies  both  ra- 
diant and  convected  heat. 


ARGO 
CONVECTOR 

For  concealed 
radiation  at  its 
best.  Available 
in  four  widths 
and  in  virtually 
any  desired 
length. 


Venio  (for  fan  and 
blower  work} 


No.  SOI  Arco  No.  800  Arco:  No.  Q&Q  Arco 

Detroit  Iluri*  Detroit  Mulli-  PacMcss  titt&m 

vent  Valve  port  Valve  (for  Radiator 

(for  main)          radiators)  Vulve 
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nwtiJk^^ 

Irvington-on-Hudson,  New  York 

Zanesville,  Ohio 
There's  a  Burnham  for  Every  Purpose 

Catalogs  Sent  on  Request 


I—Welded  Steel  Boilers    Also  Three 
Purpose  Welded  Steel  Boilers. 

For  heating,  hot  water  supply  and 
incineration.  Coal  or  oil,  Completely 
welded  for  15  Ib  working;  pressure, 
Multiple  shaking  grates.  Sixes  for 
commercial  or  domestic  uses.  Special 
folder  sent  on  request. 

2~:\Vater  Tube  Boilers  for  Steam  and 
Hot  Water  Heating. 

17,  21,  27,  and  30  in.  Double  shaking- 
grates,  long  fire  travel.  Steam  rating 
to  4,920  sq  ft;  for  water,  7,881)  sq  ft, 

3 — Water  Tube  Boilers  Jacketed  in 
Color. 

17,  21,  and  27  in.  Steel  Jacket  and 
4  ply  air  cell  asbestos  insulation. 
Enameled  rich  red  and  black.  Jacket 
goes  on  after  all  other  set  up  work. 
Rating  to  2,500  sq  ft  for  steam  and 
4,000  sci  ft  for  water. 

4—- Burnham  Oil-Burning  Boilers. 

A  specific-sized  boiler  for  each  specific 
heat  job  for  use  with  any  standard  oil 
burner.  Round  Sectional  Burnhams 
in  4  series  and  8  sixes.  Square  Burn- 
hams  in  5  series  and  41  sizes.  For 
steam,  vapor,  or  water. 

5— -Big  Twin  Sectional  Boilers. 

50  in.  Grate  divided  for  easy  shaking. 
Twin  sections,  divided  down  the  mid- 
dle, Ratings  to  14,600  sq  ft  for  steam, 
23,360  sq  ft  for  water, 

6— Tube  Type  Smokeless  Boilers. 

Burn  soft  coal  efficiently,  without 
smoke.  Meet  smoke  ordinances  every- 
where. Similar-  to  (2)  above  with 
addition  of  smokeless  feature. 

7 — Round  Sectional  Boilers. 

This  boiler  made  the  long  fire  travel 
famous.  Corrugated  crown  sheet. 
Very  large  steam  dome.  Ratings  up 
to  830  sq  ft  for  steam,  1 ,330  for  water. 


type 
lfi 


8  Hi&h  Pressure  Hot  Water  Supply 
Boilers, 

Sectional  construction,  Guaranteed  to 
120  Ib  working  pressure.  Supplies  up 
to  tt,4(X)  gallons 

9  --Dome  Top  Hot  Water  Supply 

Boilers, 

Will  keep  50  to  1800  gal  tank  always 
full  of  not  t  water.  Guaranteed  to 

120  Ib  working  pressure, 

10  Burnham-Tat%0  Tanks, 

Combining  water  heater  and  storage 
tank  in  one  unit  for  summer-winter 
use.  Removable  copper  heating 
element.  Tanks  may  be  galvani/ed, 
Kverdur  or  copper. 

11  Burnham  Slenderized  Radiators. 

Cast  iron  radiators  that  occupy  40  per 

cent  ICSR  space  than  ordinary  tube 

type  of  same  rating.  Shorter^  Lower. 

Narrower.     3-tuhc  type  3U  in.  wide. 

4-tube  type  47  1«  in.  wide.  5-tube 
S^i'fl  in.  wide,  O-tuhc  type 
in,  wide.  Can  be  recessed. 

12  Burnham  Radiant  Radiators, 

A  self-contained  cabinet  type  of 
combined  radiator  and  grille. 

13  Burnham  Air  Conditioning  Units. 

Do  double  duty  of  both  heating  and 
winter  air  conditioning.  Units  placed 
in,  the  room,  t  lave  no  basement  equip- 
ment, Take  up  no  more  room  space 
than  usual  grille-enclosed  radiator. 
Entirely  automatically  controlled. 

14  -Burnham  Air  and  Vacuum  Valves, 

Full  line  for  radiators,  risers  and  mains. 

15  Burnham  Radiator  Valves. 

Complete  line  of  heating  accessories, 
Including  steel  tanks  of  all  kinds. 

16  —  Burnham  Flexible  Headers. 

17—  Burnham  Unit  Heaters. 

Complete  line  in  modern  designs, 

18-  Burnham  Fan  Cooler. 

Portable  unit  for  offices,  hotels,  res- 
taurants and  home  rooms,  Also  com- 
plete equipment  package  for  attic 
cooling  of  residences, 
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JjtMWMMlfo 

Manufacturers  of  Cast  Iron  and  Welded  Steel  Boilers, 
Cast  Iron  Radiators  and  Heating  Accessories 


Irvington-on-Hudson,  N.  Y. 

Branch  Offices 


Zanesville,  Ohio 


LANCASTER,  PA. 
PITTSHUKCH,  PA. 
ZANKSVIM.K,  OHIO 

IRV1N(;T()N,  N.  Y. 


Ydlo-JacM  Rotter 

(for  coal  or  oil) 
For  large  and  small  homes 


KUZABMTH,  N.  J.  BOSTON,  MASS. 

GKNKVA,  N.  Y.  PHILADELPHIA,  PA. 

QIIIMNS  VILLA<;K,  N.  Y,       CHICAGO,  ILL. 

Plants 
KUXAHKTII,  N.  J.       LANCASTER,  PA.       ZANBSVILLM,  OHIO 


BOILERS 

Jacketed — Un  j  acke  ted 

Cast  Iron—Steel 

Hand-fired— Oil-fired 

Stoker-fired— Gas-fired 

Round  or  Square  Sectional  boil- 
ers for  steam,  vapor,  or  water. 

Water  Tube  boilers  for  steam 
and  hot  water  heating. 

Tube-type  Smokeless  boilers  for 
burning  soft  coal, 

Welded  Steel  boilers  for  both 
heavy  duty  and  home  heating. 


BALTIMORE,  MD. 
SPRINGFIELD,  MASS. 


GENEVA,  N.  Y. 


Slenderized    Radiator-"' 

40%  smaller  than 

tube  type 


RADIATORS 
Exposed  and  Concealed 

Cast  iron  radiators  that  occupy 
40  per  cent  less  space  than 
ordinary  radiators  of  same  rating. 

Shorter,  lower,  narrower. 

Can  be  recessed  if  desired. 

In  3-tube,  4, 5,  and  6-tube  types. 

Burnham  cabinet  type  Radiant 
radiator. 


ACCESSORIES 


for 


Air    and    Vacuum    valves 
mains,  risers  and  radiators. 

Radiator  valves  in  many  designs. 

Unit  Heaters — a  complete  line 
in  modern  designs. 

Burnham-Taco  tanks  for  hot 
water  supply. 

Flexible  Headers  for  all  pur- 
poses. 

Unit  Air  Conditioners— for 
heating  and  winter  air  condi- 
tioning. 

Attic  Fans — complete  units  for 
cooling  of  residences. 
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Cast  Iron  DeLuxe 
Oil  Burning  Boiler 


Radiant  Radiator  with   under- 
neath   concealed    valve — Lower 
grille  removable 


Unit  Heater 
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THE  BABCDCK  &WILCDX  COMPANY 


85  Liberty  Street 

Water-Tube  Boilers 
Oil  Burners 


Manufacture™  of 


New  York,  R  Y. 

Chain-Grate  Stokers 
Seamless  Steel  Tubing  and  Pipe 


Branch  Offices  and  Representatives  In  all  Principal  Cf  (to 


Type  H  Stirling  Boiler 

The  Babcock  &  Wilcox  Type  H  Stirling 
Boiler  is  a  highly  efficient  unit  built  for 
moderate  pressures  at  moderate  prices.  - . . 
and  is  designed  to  occupy  minimum  floor 
space  and  head  room  for  the  heating  sur- 
face required, 

This  boiler  is  built  in  four  classes  and  36 
sizes  ranging  from  691  to  0225  sq  ft  of 
heating  surface,  and  can  be  designed  for 
operation  with  any  fuel  and  every  method 
of  firing, 

The  moderate  price  is  due  only  to  the 
simplicity  of  design,  efficient  production 
methods  and  superior  shop  equipment. 


S 

f 

Width  of  Setting 

"B 

"K  l 

J 

I 

1 
4 

•fl* 

& 

!-' 

J-^U- 

Floor  to  Face 
Steam  Outlet, 
I  Ft.  In. 

j  Floor  to  Top  » 
[Boiler,  Ft,  h 

As 

Single 
Boiler, 
Ft,  In, 

Two 
Boiler* 
in 
Battery 
Ft,  In. 

691 

I5;2 

6-0 

11-0 

5-2 

14-51/2 

13  3'/B 

5 

921 

7-0 

13-0 

152 

8-0 

15-0 

H-1 

382 

9-0 

17-0 

612 

10-0 

19-0 

843 

11-0 

21-0 

2073 

12-0 

23-0 

2304 

13-0 

25-0 

877 

17  8 

6-0 

11-0 

4-93/4 

14-5y2 

13  31/8 

1169 

7-0 

13-0 

1462 

8-0 

15-0 

H-2 

1754 

9-0 

17-0 

2046 

10-0 

19-0 

2339 

11-0 

21-0 

2631 

12-0 

23-0 

2924 

13-0 

25-0 

1063 

20-2 

6-0 

11-0 

4-51/a 

14-51/2 

13  3'/e 

1417 

7-0 

13-0 

1772 

8-0 

15-0 

2126 

9-0 

17-0 

H-3 

2480 

10-0 

19-0 

2835 

11-0 

21-0 

3189 

12-0 

23-0 

3544 

13-0 

25-0 

3898 

14-0 

27-0 

6 

4252 

15-0 

29-0 

6 

1245 
1660 

22-8 

6-0 
7-0 

11-0 
13-0 

4-P/4 

14-  1] 

13  31/8 

5 

2075 

8-0 

15-0 

2490 

9-0 

17-0 

H-4 

2905 

10-0 

19-0 

3320 

11-0 

21-0 

3735 

12-0 

23-0 

4150 

13-0 

25-0 

4565 

14-0 

27-0 

6 

4980 

15-0 

29-0 

6 

Type  I!  Witting  Ikikr  with  Sahcwtk  it  Witeox 


The  advantages  of  the  Babcock  <&  Wilcox 
Type  H  Stirling  Boiler  may  be  sum- 
marized as  follows; 

Unusual  steaming  capacity  for  the 
floor  ^space  and  head-room  required, 
Boilers  may  be  set  singly  or  in  battery, 
Setting  heights  can  be  varied  to  suit 
any  condition  of  firing, 

The  choice  of  three  locations  for  gas 
exit  reduces  cost  of  flues  arid  breeching, 
Distribution  baffles  make  effective  all 
of  the  heating  surface. 

Tube  renewal  is  facilitated  by  correct 

tube  spacing,  and  a  tube  removal  door, 

Soot  blowers  can  be  readily  installed  to 

simplify  thorough  cleaning  of  all  tubes, 

A  superheater  can  be  furnished  with- 

out any  change  in  the  standard  design 

or  construction, 

The  boiler  is  supported  by  a  structural- 
steel  framework  entirely  independent  of 
the  brickwork, 

Ample  provision  is  made  for  free 
movement  of  parts  due  to  expansion  and 
contraction. 

A  complete  table  of  sizes  and  dimensions, 
together  with  pertinent  installation  data, 
is  contained  in  a  new  bulletin  which  will 
be  sent  upon  request.  Simply  ask  for 
Bulletin  G-8-C. 
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Farrar  &  Trefts 

Incorporated 


Buffalo,  N.  Y. 


HEATING  AND  POWER  BOILERS 
Bison  Compact  Boilers 
Biuonette  Compact  Boilers 
Firebox  Return  Tubular  Boitent 
Firebox  Locomotive  Typo  Hollers 
Scotch  Marino.  Type  Boltoro 
Vertical  Hollers 

Ilori/.onin]  Return  Tubular  Boilers 
Bison  Two-ltoHH  Return  Tubular 
Boilern 


Established  1864 


STEEL  PLATE  CONSTRUCTION 
Class  I  Fusion  Welding  with 

X-raying  and  Stress  Relieving 
Storage  and  Pressure  Tanks 
Receivers,  Steel  Pipe,  Buoys 
Bubble  Towers,  Condensers,  Kettles 
Smokestacks  and  Brecchinfts 
Special  Work  in  Stainless  Steel, 

Everdur,  Nickel,  Aluminum 

or  Monel  Metal 


7V/*'  HI  son  Compact 


The  F&T  Bison  Compact  Welded  Heating  Boiler  is  more 
than  just  another  boiler.  It  has  been  designed  carefully  so  as  to 
have  a  large  furnace  volume,  the  proper  volume  of  water,  just 
the  right  amount  of  steam  liberating  surface,  the  correct  volume 
for  steam  storage  and  a  balanced  circulation.  The  result  is  a 
remarkably  steady  water  line — A  Balanced  Boiler. 

This  boiler  requires  a  minimum  amount  of  floor  space  and  is 
easy  and  inexpensive  to  install.  It  is  reasonable  as  to  first  cost 
and  economical  in  operation.  Construction  is  in  accordance 
with  the  A.S.M.E.  Code  for  15  Ib  working  pressure  and  boilers 
are  designed  for  hand  firing  ^  with  anthracite  or  bituminous  coal 
or  for  mechanical  firing  with  oil,  gas  or  stoker.  There  are 
various,  sizes  available  from  1800  to  35,000  sq  ft  of  steam 
radiation,  all  ratings  as  required  by  the  Steel  Heating  Boiler  Institute. 

The  Btaonette  Compact  Boiler  has  the  same  characteristics  as  the  larger  Bison 
Compact  Boiler.  It  has  been  designed  for  installation  in  large  residences  and  small 
business  establishments  where  the  advantages  inherent  in  a  Steel  boiler  are  desired. 

Firebox  Return  Tubular  Heating  Boilers  are 
Quality  Boilers.  They  are  constructed  to  measure  up 
to  the  high  standards  set  by  Heating  Engineers  and  will 
give  unfailing  service  under  all  conditions.  Being 
economical  to  install  and  operate,  they  are  highly 
favored  by  Architects  and  Engineers  for  heating 
Schools,  Hospitals,  etc. 

There  are  two  types  of  Firebox  Boilers,  the  Up- Draft 
Type  and  the  Down-Draft  Type.  Both  types  are  made 
of  welded  or  riveted  construction  for  heating  purposes 
at  15  11)  working  pressure  and  riveted,  or,  ClaSvS  1  fusion 
welded  x-rayed  and  stress-relieved  for  power  purposes 
at  100,  125  and  150  Ib  working  pressure  in  accordance 
with  the  /.$.  M.K,  Code.  Sixes  from  1800  to  35,000  sq  ft  of  steam  radiation,  as  rated  by 
the  Steel  Heating  Boilef  Institute,  are  designed  for  hand  firing  with  coal  or  for  mechanical 
firing  with  oil,  gas  or  stoker. 

The  Bison  Low  Pressure  Scotch  Wet-Back  Top 
Boilers  are  carefully  proportioned  and  balanced.  They 
are  designed  for  hand,  oil,  gas  or  stoker  firing,  for 
ratings  from  15  to  250  hp.  These  boilers  operate 
efficiently  and  carry  sustained  overloads,  The  Front 
Smokebox  Door  Open  Sideways  giving  easy  access  to  the 
tubes, 

The  Wet-Back  Top  increases  the  heating  surface  and 
vSteam  disengaging1  area,  thus  adding  to  the  capacity  of 
these  boilers.  F&T  boilers  are  designed  so  that  the 
round  furnace  is  always  longer  than  the  tube  length 
which  increases  the  furnace  volume.  This  gives  a  large 

combustion  volume  in  proportion  to  horsepower  rating  which  makes  the  boilers  very 

economical  to  operate  and  exceedingly  " Quick  Steamers.1' 
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Crane  Co, 


BOILERS,  RADIATORS,  VALVES,  FITTINGS,  PIPE,  STEAM  SPECIALTIES. 

PLUMBING  AND  HEATING  MATERIALS 

General  Offices;    8JW  South  Michigan  Avenue,  Chicago,  Illinois 

Nation-Wide  Service  Through  Branches,  WholcMforn,  Plumbing  ami  IlwMliift  <Ioti  tractors 

A  complete  line  of  heating  equipment  warm  air  WVHUMIIH,     l;ul!  <im*riptionM  and 

boilers  and  furnaces  for  coal,  coke,  oil,  or  HncrinrutionH   are^iven    in    your   Crane 

gas  burning    for   steam,    hot    water,    or  Catalog     or  hupptietl  on  request, 

BOILERS  FOR  SMALL  HOMES 


SERIES  FOURTEEN 

Wet  base;  low  return  inlet. 
Patentee!  controlled  water 
travel.  Large  ceiling  heat- 
ing surface.  Internal  heater 
and  jacket  optional.  For 
steam  or  hot  water.  Capa- 
cities: manual  firing,  up  to 
90,000  Btu.,  oil  or  stoker  up 
to  119,000  Btu.  (IBR). 


OONSERVOIL  UNIT 
Low-priced  boiler-burner 
unit  in  4  sixes  up  to  131,000 
Btu.  (IBR)  Controlled 
water  travel,  large  ceiling 
surface,  and  flue  insert «  as- 
sure fuel  economy,  Includes 
burner,  draft  regulator  and 
$  controls.  For  steam  or 
hot  water. 


BOILERS  FOR  AVERAGE-SIZE 


NO.  aw<; 

BASMOR  GA«  BOILER 

New  hot  water  boiler  for 
HinallcHl  homeM.  Sections 

are  niHt-iron  with  water- 
jacketed  combuHtion  cham- 
ber, Fully  aut omat ic. 
Shipped  completely  assem- 
bled; houttiriKi  controls  in 
powitkm,  Up(to  110,800 
Btu,  net  capacity, 

HOMES 


No.  10  ALL-FUEL  BOILER 

Can  be  installed  for  manual 
firing — easily  converted  for 
stoker,  oil  or  gas  firing. 
High  base  and  removable 
grate  lugs  give  ample  space 
for  stoker  or  oil  burner. 
Provision  for  internal  heat- 
er. For  steam  or  hot  water. 
Net  capacity  up  to  207,000 
Btu.  (IBR). 


No.  16  SUSTAINED  HEAT 
BOILER»BURNBR  UNIT 

Application  of  Crane  sus- 
tained heat  principle  ex- 
tracts more  heat  from  fuel. 
Down-draft  flue  construc- 
tion prevents  escape  of  com- 
bustion gases  before  heat 
has  been  absorbed.  Net  ca- 
pacity up  to  216,000  Btu, 
(IBR),  Steam  or  water. 


No,  25  BA8MOR  GAS  BOILER 

Unusual  efficiency  obtained 
with  staggered  fin  construe* 
Lion  and  improved  Bunsen- 
type  burners.  Safe,  can't 

back-fire,  Simple  controls. 
Many  sixes;  for  manufac- 
tured and  natural  gas,  Net 
capacity  to  177,400  Btu, 
Steam  or  hot  water. 


CRANE  HEATING  CALCULATOR  FREE 


With  this  accurate  calculator,  employing  the  A.S.H.&V.E. 
method  of  determining  heat  losses,  you  can  quickly  select 
the  right  boiler  and  radiator  requirements  for  any  job. 
Easy  to  use—slide  rule  type.  Free  on  request.  Please 
write  on  your  letterhead  to  address  at  top  of  this  page. 


Crane  Co, 
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BOILERS  FOR  LARGER  BUILDINGS 
No.  4  SECTIONAL 
BOILER 

For  manual,  oil,  and 
stoker  firing.  Up  to 
1 ,750,800  Btu.  net  ca- 
pacity- steam  or  hot 
water. 


SERIES  60  BASMOR 
GAS  BOILER 

Has  built-in  steam  head- 
er with  Hartford  return 
loop.  Up  to  2,805,000 
Btu.  net  capacity-- 
steam or  hot  water, 


AUTOMATIC  HEAT-CONVERSION 

UNITS 
AUTOCOAL  STOKER 


For  even,  controlled 
room  temperature 
with  minimum  at- 
tention. Hopper 
models:  20  to  350 
Ib,  per  hour  ca- 
pacity, 85  and  50 
Ib,  bin-feed  models. 


dONSERVOIL  BURNER 

Will  burn  lower 
grades  of  fuel  oil, 
Only  one  moving 
part,  Quiet;  can- 
not foul.  Models 
up  to  35  gal,  per 
hour  capacity. 

CONTROLS 


Low  Voltage  Re- 
•  lay- 1  Va  nsfor  m  er 


Draft 
Tender 


A  full  line  of  precision-built  Crane  controls 
including  room  thermostats,  night  set-back 
•clocks,  oil  and  stoker  controls,  limit 
switches  for  steam,  hot  water,  and  furnace 
systems. 

The  Crane  line  includes  valves,  fit- 
tings, and  pipe  for  all  boiler  and  radi- 
ator systems;  a  selection  of  furnaces 
for  coal,  oil,  and  gas;  also  split-system 
equipment  and  well-water  cooling  for 
.year  'round  air  conditioning. 


HEATING  ELEMENTS— ALL  TYPES 

COMPAC  SLIM-TUBE 
RADIATORS 

Cast-iron;  space- 
saving.  Modern 
slender  design.  For 
free-standing  or  re- 
cessed installation — 
with  or  without  at- 
tractive front  panel. 
Maximum  delivery  of 
radiant,  infra-red  ray 
heat.  Further  space- 
saving  with  bottom 
connections. 


JKnd  Connection 
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Bottom  Connection 


CAST-IRON  GONVECTORS 

Enclosures  of  heavy  steel,  smartly  styled. 
Models  for  fully  or  partially  recessed,  free- 
standing', wall-hung,  and  plaster-front  in- 
stallations. Convectors  of  sturdy  cast-iron 
with  large  integral  fins  designed  to  stimu- 
late air  flow.  For  all  systems. 

DUCTLESS 

WINTER 
AIR-CONDITION- 
ING UNIT 

Recessed  in 
wall  and  floor; 
no  sheet  metal 
work.  Provides 
heat,  humidifi- 
cation,  filter- 
ing and  circu- 
lation. 

FOR  LARGE  SPACE  HEATING 
REQUIREMENTS,  SPECIFY 
CRANE  SPEED  HEATERS. 
A  COMPLETE  LINE 

HEATING  SPECIALTIES 

Crane 
supplies  a 
complete 
range  of 
hot  water 
specialties 
including 
circula- 
tors, flow 

controls,  monoflo  fittings,  pres- 
sure tank  systems,  indirect  heat- 
ers.     Also,    air    valves,    traps, 
condensation  and  vacuum  pumps,    low- 
water  cut-offs,  and  other  steam  specialties. 


Circulating  Pump 
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Titzgibbons  Boiler  Compamjjnc. 

Established  Igflfl 

General  Offices:    Architects  Bklg.,  101  Park  Avenue 
New  York,  N.  Y. 

Works  i  OSWRGCXN.Y, 
Branches  and  Representatives  in  Principal  Cities 


PRODUCTS— STEEL  HEATING  and  POWER  BOILERS  for  all  fuels  and  all 
heating  systems.  Capacities  to  meet  requirements  of  any  building*  Built 
and  rated  according  to  S.  H.  B,  /.  Code.  AIR  CONDITIONERS  for  "Split- 
Systems"  and  for  Direct-Fired  installations  in  residences  of  all  sizes* 

Direct-Fired  Air  Gon<^toners 

The  DIRECTAIRE— The  conditioner  that  has 
broken  the  shackles  of  traditional  "hot  air  furnace" 
design,  providing  far  greater  Efficiency,  Ruggeclness, 
Quietness,  Fuel  Economy,  Gleanability.  Stream- 
lined jacket  in  two  types,  Nine  sixes  (55,000  to 
600,000  Btu  at  the  bonnet, 

The  SPECIAL  80-120  DIRECTAIRE --Designed 

and  priced,  without  sacrifice  in  quality,  fen*  the  small 
home  budget.  Already  in  successful  use  in  scores  of 
housing  developments.  Two  sixes  -80,000  to  120,000 
Btu  at  the  bonnet. 

' 'Split-System1'  Air  Conditioners 

The  FITZGIBBONSAIRE 

combines  with  Fitzgjbbons  Steel  Boilers  for  auto- 
malic  firing  with  oil,  gas  or  stoker,  to  provide: 

(1)  CONDITIONED   AIR   (cleaned,   humidified, 
tempered,  circulated)  to  all  rooms  where  desired; 

(2)  RADIATOR  HEAT  tojkitchen,  baths,  garage 
and  other  parts  through  which  recirculation  is  un- 
desirable; (3)  YEAR-'fcOUND  DOMESTIC  HOT 
WATER,  without  a  storage  tank, 

Steel  Heating  Boilers 

The  400  SERIES— A  boiler  for  small  home  heating 
that  brings  steel  boiler  economy  and  comfort  within 
the  building  budget  of  the  low-cost  house.  Built  of 
welded  copper-steel  throughout,  crack-proof,  leak- 
proof,  corrosion-resistant,  quick-heating,  Cooperates 
with  any  good  oil  burner,  stoker,  gas  burner.  Gives 
year-'round  domestic  hot  water,  with  or  without 
tank.  Heavy  insulated  jacket,  Ratings,  Steam— 
3  sizes— 400  to  680  sq  ft. 

The  OIL-EIGHTY  AUTOMATIC*— An  outstanding  residential  steel  boiler  for  oil 
firing.  Teams  up  with  any  good  rotary  or  gun  type  burner  to  form  a  highly  efficient  unit. 
Provides  room  for  burner  inside  the  jacket.  Year-'round  tankless  domestic  hot  water 
optional.  Ratings,  Steam — 12  sizes— -425  to  2680  sq  ft, 

The  GAS-EIGHTY— For  gas.   Jacketed.    Ratings,  Steam— 12  sixes 425  to  2680  sq  ft. 

The  STOKER-EIGHTY— For  anthracite  and  bituminous  stokers,    Jacketed.    Stoker 
may  be  installed  at  either  side  if  desired,  to  allow  free  access  for  inspection  through  cloor 
in  front.    Supplies  year-'round  hot  water  with  or  without  tank  as  desired.    Approved 
by  Anthracite  Industries,  Inc.    Ratings,  Steam— -6  sizes— -485  to  2000  sq  ft 
*Reg.  U.S.  Pat.  Office. 
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FITZGIBBONS  R-Z-U  JUNIOR 

Multi-Service  Steel  Boiler 
RATINGS,  STEAM 

Coal  Burning  Type 900  to  3200  sq  ft 

Oil  Firing;  Type 1100  to  3900  sq  ft 

Stoker  Firing  Type 1100  to  3900  sq  ft 

Outstanding  Features 
Tanksaver  (optional)  supplies  year-  'round 
hot  water  without  a  separate  storage  tank. 
Tankheater  (optional)  a  more  efficient  in- 
direct water  heater.  Auxiliary  Grate 
(optional),  for  refuse  disposal  and  stand-by 
heating  duty  in  oil  fired  installations.  Com- 
pact, largest  size  will  pass  thru  a  31  in.  door- 
way. Low  Water  Line,  eliminates  need 
for  a  pit.  Jacket  (optional),  on  all  types. 

Descriptive  Bulletin  on  Request 


FITZGIBBONS  Z-U 
Steel  Firebox  Boilers 

Built  for  15  Ib  w.s.p,—" A.S.M.E.  Code. 
Up-Draft  Type 1800  to  35,000  sq  ft  steam 

FITZGIBBONS  R-Z-U 
Steel  Firebox  Boilers 

The  Z-U   arranged   for  rear  smoke   outlet. 
Built  for  15  Ib  w,s,p.~- A.S.M.E.  Code. 

Up-Draft  Type 1800  to  35,000  sq  ft  steam 

Smokeless  Type 1800  to  35,000  sq  ft  steam 

Oil,  Gas,  Stoker....2190  to  42,500  sq  ft  steam 

FITZGIBBONS  4<F"  SERIES 
Portable  Riveted  Firebox  Boilers 

Built  for  100  Ib  w.s.p.— A.S.M.E.  Code. 
Ratings,  steam— 1800  to  15,000  sq  ft 

FITZGIBBONS  500  SERIES 
Portable  Welded  Firebox  Boilers- 
Return  Tubular 

Built  for  15  Ib  w.s.p.— A.S. M'.E.  Code 
Ratings,  steam—3500  to  35,000  sq  ft 

FITZGIBBONS  700  AND  UP"  SERIES 

Portable  Riveted  Firebox  Boilers 
700  Series  for  15  Ib  w.s.p.— X.S.Jtf./S.  Code. 
Ratings,  steam— 3500  to  35,000  sq  ft 
UP"  Series  for  lOOlb  w.s.p.— A.S.M.K.  Code, 
Ratings,  horsepower — 25  to  250. 

FITZGIBBONS  600  AND  800  SERIES 

Smokeless  Down-Draft   Riveted 

Firebox  Boilers 

Built  for  15  to  100  Ib  w.s.p.— A.S.M.E.  Code. 
Ratings,  steam— 3500  to  35,000  sq  ft 

Descriptive  Bulletins  on  any  or  all  of  above 
boilers  will  be  mailed  on  request. 
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Kewanee  Boiler  Corp. 
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The  International  Boiler  Works  Company 

East  Stroudsburg,  Pa. 
"Fuel  Saver"  Water  Tube  Steel  Heating  Boilers 

SALK«  OFFICES 

JACKSON,  Miss. 
LuxiNtitoN,  KY. 
Los  ANGKI.KK,  CAUK, 
LOUISVIU.K,  Kv, 

MlSSOULA,   MtJNT, 

NKWARK,  N,  J. 
NKW  HAVKN,  CONN, 


ALASKA 

ALBANY,  N,  Y. 
ALBUQUKRQUB,  N,  M, 
BOSTON,  MASS. 
BUFFALO,  N.  Y, 
CINCINNATI,  0. 
DETROIT,  Mien. 

E.  STRQUDSHURG,  PA. 

HARUISHIIRG,  PA. 


NKW  YORK  Cri'Y»  N,  Y, 
NORTH  Oi«MKTM/>,  (). 


Ai  PA, 
t,  PA, 

MASS. 

'SIK,  N,  Y, 
PHOVIDKNl'K,   R.   I. 
KoniKSTICK,  N,  V. 

vST.  PAUL,  MINN, 

SALT  LAKK  CITY,  UTAH 


DN,  PA, 
Si'kiN<*(rtKf.r>,  MASS, 

SVHAt  t'SK,  N,  Y, 


,  ONT.(  CANAIJA 

Ullt'A,  N,  Y. 

WASHINGTON,  I).  ('. 
Witmc  PLAINS,  N.  Y. 

WlI.MINM'ON,  I)KL» 


International  "FUEL  SAVER"  Water  Tube  Steel  Heating  Boilers  offer  the  same 
quick  steaming  and  economy  that  have  long  been  accepted  as  most  efficient  in  marine 
and  industrial  service.  "FUEL  SAVER"  Water  Tube  Boilers  are  ^available  for  large 
and  small  heating  requirements  in  a  wide  range  of  types  and  capacities, 


•if 


TYPE  C  "FUEL-SAVER" 
WATER  TUBE  STEEL  HEATING  BOILERS 

For  Office  and  Apartment  Buildings.  Schools,  Hotels,  Theaters, 
Institutions  and  IiuUmtriiU  l>t*nt* 

Built  in  a  complete  range  of  standardised  «i/,es  and  provide 
highly  efficient  performance  for  heating  large  buildings, 

Up-to-date  water  tube  deBign  permit  a  absorbing  the  intense 
heat  released  by  modern  methods  of  firing  and  they  will 
operate  efficiently  under  loads  considerably  in  excess  of  ratings. 


I 
| 


from  ^w)  to  42,500  KI  ft  mechanically  lirnd  fitting. 
from  ^oo  to  3r>,()<)()  H«I  ft  hurtd  fired  rating, 


TYPE  KD  UFUEL-SAVER"  WATER  TUBE  STEEL  HEATING  BOILERS 

For  Replacement  Installation**  In  Larfte  BulUIInftft  Eliminates 
Costly  Cutting  and  Putohiiciii 

Especially  designed  for  renovation  and  replacement 
work.  Shipped  knocked  clown  in  Btandunhxed  parts 
that  can  be  taken  through  exist  ing  doors  or  openings 
to  basement  and  boiler  room. 

INTERNATIONAL  erects  or  aHBiuuew  full  responsibility 
for  erection  work  of  knocked  down  boilers, 

IK  af*M  J  f)8150  to  f>M70  xi  ft  iwdumfoilly  fired  rating. 
u>  auw  -j  4810  to  4(j(f,U)  HU  ft  luuul  flrc,(1  rutjugi 

TYPE  DD  "FUEL-SAVER1'  WATER  TUBE  STEEL  HEATING  BOILERS 

For  Residences,  Small  Apartments  and  Other  HuiUJinfts 

Highly  economical.  Superior  performance  of  water  tube 
design  usually  found  only  in  larger  commercial  and  indus- 
trial installations.  Fully  utilize  intense  heat  generated  by 
modern  automatic  firing  devices.  Stoker-fired  coal  and  oil 
most  commonly  used,  with  savings  often  exceeding;  20  per 
cent  over  previous  installations.  Stoker-fired  boiler  tested 
and  approvec^by  Anthracite  Industries  Laboratory. 

A  copper  coil  submerged  above  the  crown  furnishes  ample 
hot  water  for  domestic  needs*  Insulated  steel  jackets  in 
two  tones  of  gray  enamel  are  included. 

t  n«t  ateum  rating 


TYPE  OR  "FUEL-SAVER" 
WATER  TUBE  STEEL  POWER  BOILERS 

For  High  Prestmro  Steam  Service 

Designed  for  pressure  of  100,  125  and  150  Ibs, 
the  Type  CRjs  especially  suitable  for  hospitals, 
hotels,  laundries,  dairies,  institutions  and  manu- 
facturing plants  requiring  process  steam. 

Sizes  range  from  5  to  300  hp. 
Data  and  catalogs  on  "Fuel-Saver"  Boilers 

will  be  furnished  on  request. 
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Pacific  Steel  Boiler  Division 

United  States  Radiator  Corporation 

General  Offices:  Detroit,  Michigan 

Satan  OfflcM  in  Principal  Cities 

A  Complete  Line  of  Low  Pressure  Steel  Heating  Boilers 


All    Pacific    Boilers    are    built    using   the 

A,M,M.tt.  Boiler  Code  Standards  as  mini- 
mums, 

LOW  WATER  LINE  SERIES 

Built  in  the  following  capacities  for  steam: 
Coal  Burning  Stecs— 1800  to  35,000  sq  ft. 

Mechanically  Fired  Sizes— 2680  to  42,500 
aq  ft. 

High  Fire  Box  For  Stoker  Firing—Sizes—- 
2680  to  42,500  sq  ft, 

All  Pacific  Boilers  are  built,  inspected,  and 
tested  under  the  supervision  of  the  Hartford 
Steam  Boiler  Inspection  and  Insurance 
Company, 

TWO-PASS  FRONT  SMOKE  OUTLET 

Built  in  the  following  capacities  for  steam: 
Coal  Burning  Sizes— 4000  to  30,000  sq  ft. 
Mechanically  Fired  Sizes— 4860  to  42,500 

«q  ft. 

All  Pacific  Boilers  are  made  of  steel  with 
each  joint  and  seam  electrically  arc-welcled 

-—built  to  last  a  life-time. 

SINGLE-PASS  REAR  SMOKE  OUTLET 

Built  in  the  following  capacities  for  steam: 
Coal  Burning  Sizes— 1800  to  6000  sq  ft. 
Mechanically  Fired  Sizes— 2190  to  7290 

sq  ft. 

PACIFIC  THREE-PIECE  CONSTRUCTION 

Made  up  of  three  parts,  shell,  firebox  and 
base,  Pacific  Boilers  are  particularly  adapt- 
able to  replacement  work.  Where  necessary 
Pacific  fireboxes  can  be  split  (as  illustrated) 
allowing  the  boiler  to  be  taken  into  the 
building  in  four  pieces  and  erected  without 
welding  on  the  job, 

Descriptive  Bulletins  on  Pacific  Steel  Boilers  mil 
be  mailed  on  'request. 
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Spencer  Heater  Division 

Aviation  Manufacturing  Corporation 

Williamsport,  Pa. 

Sales  Representatives  in  Principal  Cities 


Spencer  Automatic  Magazine  Feed  Heaters  are  furnished  in  cant  iron  sectional  types 
—and  steel  tubular  types  for  larger  buildings- -for  steam,  vapor  and  hot  water  heating. 
There  is  a  sixe  and  capacity  for  every  type  of  building,  to  provide  economical  and  con- 
venient heat— safe,  dependable,  sure. 

COMFORTABLE  HEAT  AT  LOW  COST 

Coal  — Coke    -Gas     'Oil  -Spencer 

J  and  L  series  heaters  and  M  series  boilers 
are  primarily  designed  to  burn  low  cost 
No,  1  Buckwheat  Anthracite  or  small  sis^e 
coke, 

If  at  any  lime  a  property  owner  desires 
to  burn  more  expensive  fuels  oil  or  gas  - 
his  Spencer  Heater  can  be  readily  con- 
verted and  will  show  a  high  efficiency. 

Thermostats  Thermostats  and 
electric  damper  motors  are  furnished  as 
optional  equipment , 

Jacketed  Covering  Attractive  metal- 
lic jackets  of  the  deluxe  enclosing  type,  as 
illustrated,  are  available  for  Spencer  Cast 
Iron  Heaters,  either  with  or  without  the 
enclosing  jacket  doors, 


Spencer  Jacketed  Healer  L-l  Series 


Why  Spencer  Heaters  perform  so  satis- 
factorily can  best  be  explained  by  an 
inspection  of  their  design  and  construction. 
The  Spencer  principle,  illustrated  in  the 
cross-sectional  view,  is  simple; 

Once  &  day  fuel  (No.  1  Buckwheat 
Anthracite  or  small  sine  by-procluct  coke) 
is  put  into  the  magazine.  It  fills  the  sloping 
grate  to  the  level  of  the  magazine  mouth. 
The  fire  bed  always  stays  at  the  proper 
level,  for  as  fast  as  fuel  burns  to  ash,  it 
shrinks  and  settles  on  the  sloping  grate; 
and  more  fuel  rolls  clown  automatically 
over  the  top  of  the  fire  bed.  Fuel  feed  is  by 
gravity  alone,  in  just  the  right  amount  to 
keep  the  fire  always  burning  at  its  most 
efficient  combustion  point. 

This  explains  why  a  Spencer  Automatic 
Magazine  Feed  Heater  always  gives  the 
same  uniform,  satisfying  heat,  and  burns 
less  fuel.  These  exclusive  Spencer  ad- 
vantages are  available  in  all  types  of  the 
magazine  feed  heaters  and  boilers. 


Spencer  Heavy  Duty  Tank  Heaters  -- 

With  the  automatic  magazine  feed  con- 
struction, they  provide  ample  domestic 
hot  water  at  lowest  cost,  and  with  a 
minimum  of  tank  heater  attention. 


Cutaway  sectional  view  Spencer  Cast  Iron  Heater 
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SPENCER  ALL  YEAR  SYSTEM 

In  addition  to  the  excellent  heating  assures  at  all  times  an  ample  supply  of 
facilities  afforded  by  Spencer  Magazine  domestic  hot  water  at  lowest  cost,  Corn- 
Feed  Heaters,  Year  Round  Domestic  Hot  plete  data  for  installation  and  operation 
Water  Service  can  also  be  provided  and  upon  request. 

SPENCER  STEEL  TUBULAR 
MAGAZINE  FEED  BOILERS 

For  large  buildings  we  recommend  Spencer 
Steel  Tubular  Magazine  Feed  Boilers,  burning 
low  cost  No.  1  Buckwheat  Anthracite  or  coke. 

In  the  cross-section  diagram,  part  of  the  fire 
bed  is  cut  away  to  show  the  sloping  grates  and  the 
two  magazines  filled  with  fresh  coal,  ready  to 
feed  clown  automatically  by  gravity  to  the  fire. 
These  boilers  are  built  in  two  vertical  sections  for 
ease  in  handling  and  installation— a  great  ad- 
vantage on  replacement  jobs,  eliminating  the 
necessity  of  costly  tearing  out  of  walls  or  parti- 
tions. Combination  water  and  fire  tube  con- 
struction; built  to  A.S.M.E.  standards.  _  ,_  ,  .  ,„  .„.„., 

Steel  Tubular  Magazine  Feed  Boiler 

SPENCER  STEEL  TUBULAR  BOILERS 
For  Oil,  Stoker,  Gas  or  Hand-Firing 


For  more  than  40  years,  Spencer  has 
been  building,  in  the  opinion  of  experts, 
one  of  the  most  efficient,  economical  and 
dependable  automatic  coal  burning  boilers 
on  the  market.  With  this  background  of 
experience,  Spencer  Engineers  developed 
the  Spencer  Steel  Tubular  Boiler  for  oil, 
gas,  stoker  and  hand-firing— the  "K"  and 
"C"  series  for  residential  use,  and  the 
Type  "A"  for  larger  buildings,  It  is  a 


better  boiler  both  for  the  property  owner 
and  for  ^the  architect  or  engineer  who 
specifies  it. 

The  high  sustained  efficiency  of  these 
boilers  means  adequate  heat  for  a  lower 
fuel  cost.  Design  is  of  the  three  pass  type. 
Combustion  chamber  is  amply  large.  Built 
of  best  quality  open  hearth  steel  boiler 
plate,  and  steel  tubes.  Can  be  fur- 
nished with  domestic  hot  water  heating 
coils,  storage  tank  or  instantaneous  type. 
They  are  better  boilers  both  for  the 
property  owners  and  for  the  architects  or 
engineers  who  specify  them,  and  provide  a 
complete  range  of  sizes  from  400  sq  ft 
SHBI  net  steam 
rating  up.  They 
meet  or  exceed  in 
every  particular 
the  requirements 
of  the  A.S.M.E. 
and  S.  H.B.I. 
Codes. 


Type  "A"  Steel  Boiler 


Every  Spencer  Boiler  is  guaranteed  to 
carry  more  than  its  full  rated  load  giving 
the  installer  a  definite  factor  of  safety. 


'€"  Series  Steel  Boiler 


"K"  Series 


These  boilers  have  all  the  advantages  of 
the  Spencer  exclusive  design.  High  sus- 
tained efficiency— low  fuel  cost. 
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CAPITOL  RED  TOP  BOILERS 
FOR  ALL  FUELS 


Capacity  in  Sq  Ft 

Direct  Cast  Iron 
Radiator  Loads— 
SqFt 

"A" 
Series 

Steam-  575-1450 
Water-  975-2475 

240-  740 
385-1185 

"B" 
Series 

Steam-  1200-3600 
Watcr—1980-5940 

550-2030 
910-3350 

"C" 
Series 

Steam—  4700-10,500 
Water—  7760-17325 

1865-5805 
3080-9580 

Illustrated  above  is  a  Capitol  Red  Top 
Series  "C"  Boiler.  Capitol  Red  Top 
Boilers  can  be  furnished  with  extra  high 
steel  bases  to  provide  extra  setting  height 
or  desired  additional  furnace  volume  for 
stoker  firing. 


U.  S.  SUNRAY  RADIATOR 

Space  Saving — Can  be  fully  or  partially 
recessed — Also  well  adapted  for  free  stand- 
ing installation. 

Self-contained  Cabinet  Radiator — de- 
signed to  form  its  own  enclosure. 


U-  8.  SUNRAY  BOILER 

No  1.  Series 


Triulf  Mark 
U.  S,  Reg, 
Pat  Off. 

The  "  No.  1  " 
Series  C  a  p  i  t  o  1 
Sunray  Boiler  i» 
furnished  in  Coal- 
Burning  and  Oil" 
Burning  types. 

The  unusually 
generous  sized  com- 
bustion chamber  is 
scientifically  pro- 
portioned so  that  it 
will  operate  at 
highest  efficiency. 


No. 


1-03 
1-04 
1-05 
1-06 

1-04 
1-5 
1-6 


CAPITOL  RED 
CAP  BOILERS 

For  AH  Fuels 


r 

STEAM 

WATER 

"-""*"' 

""oil  ; 

Oil 

260 

415 

381 

610 

503 

805 

625 

1000 

Coal 

Coal 

300 

480 

450 

720 

600 

960 

Boiler 
No, 

Direct  Cant  Iron 
Radiator  Loads 
Sq  Ft 

Steam 

300 
350 

Water 

495 
580 

19-4 
19-5 

20-4 
20-5 

400 
450 

660 
745 

22-4 
22-5 

500 
550 

825 
910 

25-4 
25-5 

625 
675 

1030 
1115 

Capitol  Red  Cap  Boiler  design  brings 
the  advantages  of  (1)  long  fire  travel, 
(2)  flue  passages  that  force  the  hot  gases 
to  circulate  through  every  section,  ex- 
tracting the  maximum  heat  from  the  fuel 
consumed.  (8)  Deep  firepot  that  provides 
the  extra  space  needed  for  better  com- 
bustion, and  smooth,  tapered  firepot 
walls  to  assure  a  clean  surface  for  better 
heat  absorption. 
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UNITED  STATES  RADIATOR  (ORPORATION 


General  Offices:  Detroit,  Michigai 


Branches  and  Sales  Offices  in  Principal  Cities 


Detroit,  Michigan 


u.  S.-25 
OIL  BURNING 
BOILER 

Front  Extended  Jacket 
Perf  ormftnce  Curve 


**« 

inn 

„. 

in  1 

tff' 

!RKt 

»» 

— 

>oo 
110 

my: 

a-5 

BBS 

5 

MM 

»i4S 

•!*• 

_£! 

FICI 

•«« 

=: 

Output— %  of  Direct  Standing  Radiator  Load  Flue 
Gas  Analysis  C02-12,5%;  0»— 4.1%;  CO-0.0%. 

*CAPITOL  THINTUBE  RADIATORS 

3-Tube 


Heights 

Per  Section 
Heating  Surface 

25" 

1.6SqFt 

4-Tube 

19" 
22" 
25" 

1.6SqFt 
l.SSqFt 
2.0SqFt 

5-Tube 

22" 
25" 

2,1SqFt 
2.4SqFt 

6-Tube 

19" 
25" 
32" 

2.3  Sq  Ft 
3.0  Sq  Ft 

3.7  Sq  Ft 

*1  U  in.  Centers. 

40  per  cent  less  space  needed  for 
these  graceful,  efficient  Capitol  ThinTube 
Radiators, 


CAPITOL  CAST  IRON  CONVECTOR 
WITH  ENCLOSURE 

Capitol  Cast  Iron  Convectors  are  made 
entirely  of  cast  iron,  without  joints,  and 
cast  in  one  piece.  A  large  variety  of 
lengths  and  widths  insures  exact  size  to 
meet  each  need.  These  radiators  are 
tapped  top,  bottom  and  ends. 

A  complete  choice  of  enclosures.  These 
units  can  be  completely  or  partially  re- 
cessed^ or  free-standing,  adding  to  the 
attractiveness  of  any  room  when  finished 
to  harmonize  with  modern  interiors. 
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THRIFT  SERIES  CAPITOLAIRE 
CONDITIONING  UNIT 

An  air  conditioning  unit  especially 
designed  for  all-fuel  firing.  Streamline 
flue  construction  in  preheating  and  prime- 
heating  sections  insures  high  efficiencies. 
The  handsome  enamelled  casing  houses 
the  heating  element,  blower  and  filter. 

The  blower  and  filter  compartment  may 
be  placed  at  either  side  of  the  heating 
element.  The  "Luxury"  series  units  have 
blower  section  at  rear  only. 

Other  gravity  and  forced  air  furnaces 
available  for  gas,  oil,  stoker  or  hand  coal 
firing. 


Heating  Systems  •  Boners,  cast-iron 


Weil-McLain  Company 

Manufacturing  Division:    Michigan  City,  Ind.  and  Erie,  Pa. 
General  Offices:    641  W.  Lake  Street,  Chicago 

NEW  YORK  OFFICES:    501  Fifth  Avenue 

Prompt  Weil-McLain  Boiler  and  Radiator  service  is  made  conveniently  available  through  local  stocks 
carried  by  Weil-McLain  Distributors  in  most  of  the  important  distributing  centers, 


No.  68  Boiler 
for  Automatic  Firing 

Boiler  is  completely 
jacketed  and  insulated, 
Has  an  integral *  front 
burner  extension.  Con- 
nected Load  Ratings; 
Steam  380  to  650  sq  ft, 
Water  610  to  1,040  sq  ft, 


New  All-Fuel  Boilers 
No.  67  and  No.  77 

Conversion  type  boilers 
with  insulated  enameled 
jacket.  For  hand  or  auto- 
matic firing.  Connected 
Load  Ratings:  Steam  350 
to  1,030  sq  ft,  Water  560 
to  1,650  sq  ft. 


Raydiant  "Concealed" 

A  Raydiant  convector 
type  all  cast-iron  Radi- 
ator. Also  made  in 
''Concealed,"  Partially 
Recessed,  Cabinet  and 
Humidifying  types. 


No.  78  Boiler 
for  Automatic  Firing 

Boiler  has  insulated  en- 
ameled de  luxe  jacket. 
Front  or  rear  jacket  ex- 
tension available.  Con- 
nected Load  Ratings: 
Steam  400  to  1,030  sq  ft, 
Water  640  to  1,650  sq  ft. 


Round-Type  Boiler 

Unjacketed  Round 
Boiler  with  corrugated 
heating  surfaces  for  eco- 
nomical home  heating, 
Connected  Load  Ratings: 
Steam  210  to  1,000  sq  ft, 
Water  335  to  1,600  sq  ft. 


Solray  Radiator 

Free  standing  Cabinet 
type  Radiator  in  a  lower 
price  range  than  Raydiant 
Cabinet  Radiators.  Avail- 
able in  three  depths  in  21, 
24  and  27  in.  heights. 
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"RO  Series"  Boiler 
for  Automatic  Firing 

Jacketed  and  insulated 
round  boiler  for  small 
homes.  Connected  Load 
Ratings:  Steam  420  and 
520  sq  ft,  Water  630  and 
790  sq  ft. 


Square -Type  Boilers 

Sectional  boilers  for 
large  installations.  Com- 
plete range  of  sixes,  Con- 
nected Load  Ratings: 
Steam  1,020  to  ll,3()0"sq 
ft,  Water  1,630  to  17,900 
sq  ft. 


Junior  Radiator 

Smaller  Tubular  type 
Radiation  which  conserves 
space,  Available  in  1  %  in. 
centers  in  3,  4  and  6  tube 
widths  and  14  to  33  in. 
heights. 


Heating  Systems  •  *urne«,  c« 


The  Barber  Gas  Burner  Company 

3704  Superior  Ave.,  Cleveland,  Ohio 

Address  Michigan  Inquiries  to  THE  BARBKR  GAS  RURNKR  Co,,  OK  MICH,,  4475  Oatm  Ave,,  Detroit,  Mich. 

Barber  Automatic  Jet  Gas  Conversion,  Burners,  for  heating  and  air  conditioning 
equipment,  have  a  record  of  high  efficiency,  for  a  period  of  over  "20  years,  giving  con- 
tinuous satisfaction  in  many  thousands  of  homes  and  other  buildings  in  United  States 
and  Canada.  The  exclusive  Barber  Jet  principle  of  combustion,  attaining  1900  (leg 
flame  temperature  on  atmospheric  pressure,  and  other  basic  advantages  of  design,  have 
given  Barber  a  permanent  place  in  modern  heating  ami  air  conditioning  practice. 
Barber  Burners  for  gas  burning  appliances  have  been  adopted  as  standards  by  many 
appliance  manufacturers.  Shown  here  are  only  a  few  items  from  Barber's  complete 
line.  Illustrated  No.  38A  Catalog  and  Price  List  furnished  on  request. 


Imrocr  Gas  Pf<M- 

swt  Regulators 

\    A.O.A,  Apprwrd 


No.  C.  L-00  Burner  Unit 

Conversion  Burners 
for  Furnaces  or  Boilers 

Burners  are  adjustable  as  to  diame- 
ter, on  the  job,  to  fit  practically  all 
round  grate  sixes.  Also  to  fit  grates  of 
oblong  furnaces  and  boilers*  Listed  in 
the  A,G.A.  Directory  of  Approved  Ap- 
pliances. Equipped  with  automatic 
controls  with  motor  gas  valve,  with 
magnetic  gas  valve  control,  with  quick 
acting  gas  valve  control  (for  buildings 
equipped  with  automatic  heat  control), 
or  in  "M"  series  with  manual  control. 
Barber  Burners  and  Regulators 
are  Adaptable  to:  Air  Conditioning 
Equipment,  High  Pressure  Boilers  (Tubular  and  Tubeless),  Bakery  Ovens,  Garage 
Heaters,  Coffee  Urns,  Hair  Dryers,  Space  Heaters,  Floor  Furnaces,  Clothes  Dryers, 
Water  Heaters,  Confectioners'  Stoves,  Vulcanizing  Machines,  Pressing  Machine  Boilers, 
Japanning  Ovens,  Core  Ovens,  Banana  Room  Heaters,  Other  Appliances. 
Gas  Burner  Specialists  offering  Engineering  Department  and  Laboratory 
facilities  for  Gas  Burner  problems.  Consultation  invited. 
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The  Webster  Engineering  Co. 

419  West  2nd  St.,  Tulsa,  Oklahoma 

Division  of 
SURFACE  COMBUSTION  CORP.,  TOLEDO,  OHIO 

WECO-N.G.E.  SERIES  F600  GAS  BURNERS 


50,000  to  10,000,000 
Btu  Output 


SIZE 

The  Series  FOOD  venturi  tube  is 
wide,  lOJ^j"  long,  as  shown 
(at  right)  and  the  complete 
assembly  is  only  15"  high.  An 
infinite  number  of  assemblies 
are  possible  by  proper  arrange- 
ment of  the  individual  tubes, 
For  complete  sizing  information 
see  Bulletin  FOOOH, 


For  Use  in  Any  Steel 
Firebox  or  Sectional  Boiler 

Improved  venturi  and  greater  port  area 
insure  much  higher  capacities  at  lower 
pressures. 

Unique  baffles  at  the  outlet  of  the  mixing 
tube  make  possible  perfectly  even  distri- 
bution of  flame  completely  around  the 
baffle  brick.  As  a  result  the  maximum 
flame  length  is  greatly  reduced. 

Interchangeable  grills  with  multiple  ports 
can  be  varied  to  suit  the  combustion  char- 
acteristics of  various  gases,  The  proper 
sizing  of  these  grills  prevents  any  possi- 
bility of  flash  back. 

In  addition  to  the  above  major  improve- 
ments the  F600  possesses  the  same  desir- 
able features  that  made  the  600  so  popular. 

1,  Simple  installation  requiring  no  ex- 
pensive insulated  combustion  chamber  and 
having  no  furnace  radiation  loss. 

2.  Extreme  quietness  due  to  low  rate  of 


combustion  over  a  large  area, 

3.  Flexibility  from  infinite  number  of 
possible  combinations  varying  both  size 
and  shape  to  meet  load  and  firebox  con- 
ditions at  various  gas  pressures. 

4.  High  radiant  transmission  rate  due  to 
radiant  temperature  of  the  standard  fire- 
brick baffles  on  the  top  of  the  burner  tubes. 

5.  Low   draft   loss  because   of  ample 
secondary  air  openings. 

"  6.  Plain  gas  pilots  of  heat  resistant 
material  and  of  a  design  that  will  not  allow 
flame  to  pull  off. 

7.  Safety  pilot  applied  in  a  cool  zone 
in  a  manner  that  insures  perfect  direct 
ignition  of  the  burner  yet  allowing  the 
the  thermal  element  to  cool  quickly  upon 
flame  failure. 

8.  Guaranteed  vibrationless   under  all 
conditions. 


CAPACITY  OF  SINGLE  F600  VENTURI  TUBE—No.  16  M.  T.  D.  ORIFICE 


Manifold  Gas  Pressure 

0.5" 
W.C. 

1,0" 
W.C. 

2.0* 
W.C. 

3.0" 
W.C. 

4,0" 
W.C. 

5.0* 
W.C. 

6.0" 
W.C. 

4oz 

6  oz 

8oz 

Input—  Cu  Ft,  1  hr... 

26.5 

40.5 

60.5 

75.0 

87.0 

98.0 

108.0 

116.0 

143.5 

166.5 

Output-Sq  Ft,  St.  Rad 

81 

124 

185 

229 

267 

301 

331 

355 

440 

510 

Output—  Boiler  H.P..  . 

0,58 

0.89 

1.33 

1.65 

1.91 

2.15 

2.37 

2.54 

3.14 

3.66 
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Years   of   Manx/of  luring 
Rotary  Type  Oil  Burners 


Automatic  Burner  Corp. 


New  York,  N.  Y. 


Chicago,  111. 


Highly  Efficient,  Quiet  Operating 
Pressure  Burners 


Correctly   designed  ABC  All 
Steel  Range  Burner  Units 


ABC  MATCHED  Air  Con- 
ditioning and  Oil  Burner  Unit 


Domestic  Pressure  and  Rotary  Oil  Burners 
Range  Burners  Boiler  Units 

Furnace  Units  Water  Heaters 


ABC  Oil  Burners  have  been  manufactured  by  the  AUTO- 
MATIC niJKNKR  CORP.  since  1920  and  well  over  100,000 
arc  in  use.  There  are  five  Mixes  of  rotary  type  burners  and 
seven  sixes  of  the  pressure  type  burnei'B.  All  models  are 
listed  as  standard  by  the  Underwriters'  Laboratories, 
SPECIFICATIONS 


Pressure  Burners 


Rotary  Burners 


Model 

Max.Gap. 
Gal  Oil 
per  Hour 

MaxX 
NctS 
Steam 

^pwity 
Ft 
Landing 

""Water  ' 

Model 

Gal  Oil 

p«r  Hour 

-"-—-• 

3,0 
7,5 
15.0 

Mwu< 

N«tS* 

StMtm 
..  1,^,,, 

800 
2000 
4100 

Capacity 
Ft 
landing 

Water 

W2 
P7#2 

P7#3 
P7#4 
P7#6 
Pll 
P27 

3.5 
13 
23 
4.0 
6,0 
11.0 
27.0 

900 
300 
600 
1000 
1600 
3200 
8000 

1440 
480 
960 
1600 
2560 
5120 
12,800 

HI 

E3 
E4 
E5 

800 
1280 
3200 
68«0 

ABC  OH  Burning  Boiler  Burner  Units 


Boiler  Size 
Rating  SHBI  Steam  

15 
325 

16 
"*"  420" 

IK 
SOD 

2J 
675"" 

26 
1150 

Rating  SHBI  Water 

520 

675 

BOO 

1080 

1840 

Overall  —  Hcight"--Inchc8 

49 

49 

40 

15 

58 

Overall—  Width  —  Inches.   ,   , 

22 

22 

22 

2$ 

27 

Overall—Length—  Inches  
Approx.  Shipping  Weight—  Lb,  ,  ,  . 

37 
750 

37 
850 

17 
950 

Wl 
IKK) 

46 
1500 

ABC  Oil  Burning  Air  Conditioning  Units 


Model 
Number 
100D 
15QD 
200D 


Btu  per  Hour  Output 
at  Registers 
80-100,000 
100    150,000 
150 200,000 


Approx.  Shipping 

Wmght— Lb 

790 

975 

1050 


ABC  Oil  Burning  Domestic  Water  Heaters 


Heater  Number 
Capacity  —  Gal  per  Hour— 
9Q°Rii»e.,..   

65WH 
65 

ia 

,  300 

,8 
49 

125WH 

125 
27 

400 

1,0 
61 

I75WH 

175 
30 

600 

1,3 
61 

300WH 

300 

36 

1200 

2,0 
61 

500WH 

500 
42 

1800 

3,0 
71 

Water  Storage  Capacity—Gal  
Max.  Aux.  Water  Storage  Tank 
Capacity—'Gal          

Oil  Firing  Rates  Recommended— 
gph  ,  .  ,  ,  ,  

Height—  Overall  —  Inches  , 

Write  for  Descriptive  Literature 


ABC  MATCHED  Boiler  and 
Oil  Burner  Unit 
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ABC  Matched  Dnmeslic Hot- 
Water  tt eater  and  Oil  Burner  Unit 
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TODD  COMBUSTION  EQUIPMENT,  INC. 

(Division  of  Todd  Shipyards  Corporation) 
601  West  26th  Street,  New  York  City 

NEW  YORK        MOBILE        NEW  ORLEANS        GALVESTON       SEATTLE         BUENOS  AIRES         LONDON 


TODD  HORIZONTAL  ROTARY 
ATOMIZING  BURNERS  are  designed 
and  built  to  be  flexible  and  durable,  with 
a  wide  range  of  highs  and  lows,  and  to  use 
inexpensive  fuel  oils  and  a  minimum  of 
electricity.  Operation  is  manual,  semi- 
automatic or  fully  automatic.  Motors 
are  air-cooled  and  of  the  long  hour  type. 
All  are  equipped  with  an  air-oil  interlocking 
safety  device.  These  burners  are  made  in 
all  sixes  and  may  be  installed  singly  or  in 
batteries  of  any  number  desired. 


Among  the  types  available  are: 

Type  RA  for  use  where  heavy  No.  6  fuel 
oil  is  not  available  and  for  installations  too 
small  to  justify  burning  No.  6.  Fully  auto- 
matic. Burns  No.  5  or  lighter. 

Type  R  designed  for  firing  low  pressure 
heating  boilers  either  manually  or  semi- 
automatically  with  No.  6  or  lighter. 

Type  RAH  for  firing  large  low  pressure 
heating  boilers  with  heavy  and  cheap  fuel 
oil  ...  with  practically  no  labor.  Burns 
No.  6,  fully  automatic, 


RECENT  INSTALLATIONS  OF  TODD  ROTARY  BURNERS: 


Allison  Engineering  Division, 

Speedway,  Ind. 

Bell  Laboratories Murray  Hill,  N.  J. 

National  Gypsum  Co., 

Port  Wentworth,  Ga. 

14  East  58th  St... .....New  York  City 

Sheffield  Farms  Co,,  Inc New  York  City 

Allis  Chalmers  Mfg.  Co La  Crosse,  Wis. 

Hecht's  Warehouse Washington,  D.  C. 

United  Air  Lines Chicago,  III. 


Glenn  L.  Martin  Co., 

Baltimore  County,  Md. 

Bethlehem  Steel  Co Lackawanna,  N.  Y. 

Christopher  Columbus  High  School, 

Bronx,  N.  Y. 

Appellate  Division  Court  House, 

Brooklyn,  N,  Y. 

Dime  Savings  Bank  Bldg,,  Brooklyn,  N.  Y, 

Columbus  Hospital New  York  City 

London  Clinic London 

Dominion  Government  Bldg., Quebec 


TODD  ALSO  MANUFACTURES:  Variable  Capacity  Mechanical  Pressure  Ato- 
mizing Oil  Burners;  Oil  Burning  Air  Registers  for  Natural  Draft,  Assisted  Draft,  Induced 
Draft  or  Forced  Draft;  Inside  Mixing  Steam  Atomizing  Oil  Burners;  Combination  Gas 
and  Oil  Burners;  Furnace  Doors  and  Interior  Castings  for  converting  Howden  Type 
Furance  Fronts  to  oil  firing;  Oil  Burning  Galley  Ranges;  Oil  Heating,  Pumping  and 
Straining  Equipment. 

Todd  engineers  are  always  available  for  consultation  and 
analysis  of  combustion  problems — without  obligation. 
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The  Brownell  Company 

KSTAIU.ISlIKt)  18f>5 

Dayton,  Ohio 
Manufacturers  of 

BROWNELL  BOILERS  AND  STOKERS 
in  All  Principal  ditto* 


FIRE  TUBE  BOILERS  of  various  types.  HEATING  BOILERS  riveted  and 
welded.  UNDERFEED  STOKERS  from  5  Horse  Power  upwards  STEEL  STACKS, 
TANKS  AND  SPECIAL  PLATE  WORK. 

Welded  Triple  Pass  Heating  Boilers  built  in 
cither  high  leg*  or  low  water  line  type**.  Hand 
fired  rating's  500  to  35,500  wq.  ft.  Bteam,  800  to 
56,800  sq.  ft.  water  radiation,  Stoker,  Oil  or 
Gas  fired  up  to  43,100  sq.  ft,  Hteum  or  69,000 
sq.  ft.  water  radiation,  A.S.M.K,  Code  con- 
struction, 


Type  L  R  (Low  Set)  Underfeed  Ram 
Type  Stoker  with  automatic  air  volume 
control.  Can  be  furnished  with  Brownell 
exclusive,  fully  automatic  coal  feed  con- 
trol. Sizes  up  to  300  horse  power.  An  ideal 
stoker  for  firebox  boiler  or  other  installa- 
tions where  height  of  setting  is  limited. 


High  or  Low  Pressure  Double  Pass 
Boiler  with  Type  L  R  Stoker.  De- 
signed and  manufactured  as  a  matched 
unit  steam  generating-  plant.  Furnished 
in  working  pressures  from  16  to  150  pounds 
and  sixes  up  to  300  horse  power.  For 
power,  heating  and  process  steam.  Steam 
ratings  3,600  to  42,500  sq,  ft.  Water 
rating  5,800  to  68,000  aq.  ft.  when  used 
with  stoker,  oil  or  gas.  A.S.M.K.  Code 
construction. 


Type  G  Screw  Feed  Stoker,  proved  by 
years  of  service  to  be  sturdy,  reliable  and 
efficient.  Illustration  shows  dead  plates 
can  also  be  furnished  with  dump  plates  in 
the  larger  sizes.  30-300  HP. 

l3?eiiiU?8J7ationS  ?.bove  show  only  a  part  of  the  complete  Brownell  line.    We 
shall  gladly  send  literature  describing  BROWNELL  BOILERS  and  STOKERS 
Our  nation  wide  field  organization  is  ready  to  assist  in  problems  of  steam 
generation. 
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Heating  Systems 


•  Stokers 


Combustion  Engineering  Company,  Inc. 


All   Types   of   Fire   Tube    and 
Water  Tube  Boilers 
Mechanical  Stokers 


Complete  Steam  Generating  Units 
Pulverized  Fuel  Systems 


200  Madison  Avenue,  New  York,  N.  Y. 

Offices  In  all  principal  cities  of  the  United  States  and  Canada 

More  than  16,000  G-E  Stokers  installed  to  date 

G-E  Skelly  Stoker  Unit—A  compact, 
self-contained  unit  with  integral  forced- 
draft  fan  and  adapted  to  burn  either  an- 
thracite or  bituminous  coal.  Alternate 
arrangement  of  fixed  and  moving  grate 
bars  assures  lateral  distribution  of  fuel. 
Automatic  control  is  standard  equipment. 
Approximate  application  range — 20  to  200 
rated  boiler  hp. 

Type  E  Stoker — A  single-retort,  under- 
feed stoker  with  an  established  reputation 
of  many  years'  standing  for  dependable 
service.  Designed  to  burn  a  variety  of 
bituminous  coals  under  boilers  up  to  about 
600  rated  hp.  Available  with  steam, 
electric  or  hydraulic  drive. 

C-E  Low  Ram  Stoker — A  single-retort, 
stationary-grate  underfeed  stoker  for  burn- 
ing bituminous  coals  under  boilers  in  the 
upper  size  range  of  the  C-E  Skelly  Stoker 
Unit. 

C-E  Spreader  Stoker — A  simple, 
rugged  overfeed  stoker  designed  to  burn  a 
wide  variety  of  coals.  Fines  arc  burned  in 
suspension  and  the  coarser  coal  on  a  grate 
which  may  be  of  cither  stationary  or 
dumping  type.  Rate  of  coal  feed  and  air 
supply  may  be  regulated  over  a  wide 
range  and  are  readily  adaptable  to  auto- 
matic control,  Applicable  to  boilers  from 
about  100  boiler  hp  up. 

G-E    Multiple    Retort    Stoker— For 

burning  bituminous  and  semi-bituminous 
coals  under  boilers  up  to  the  largest  sizes. 

C-E   Traveling    Grate    Stokers  — 

Including  both  Coxe  and  Green  types. 
Available  with  grate  surfaces  suitable  for 
anthracite,  coke  breeze,  lignite  or  bitumi- 
nous coal,  as  required.  Chain  grate  types 
are  built  for  either  forced-  or  natural-draft 
application. 

C-E  Boilers— All  fire  tube  and  water 
tube  types  in  sizes  ranging  from  25  hp  up 
to  the  largest.  Standard  and  special  de- 
signs to  suit  all  conditions  of  fuel,  load 
and  space.  Included  are  all  types  formerly 
known  by  the  trade  names  '' Heine," 
"Walsh  &  Weidner,"  "Casey-Hedges," 
"Ladd"  and  "Nuway", 

Separate  Catalogs  describing  each 
of  these  stokers  are  available.  A.53! 


Type  E  Stoker 


C-E  Low  Ram  Stoker 


C-E  Spreader  Stoker 
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Detroit  Stoker  Company 


Sales  and  Engineering  Offices 
General  Motors  Bld&.,  Detroit,  Mich. 

Main  Offices  and  Works  at 
Monroe,  Mich. 


District 
Principal  <Utie» 

Built  in 
Canada  nt  London,  Ont. 


Since  189B 


Detroit  Stokers  are  unsurpassed  for 
economy  and  dependability.  The  complete 
line  includes  both  Underfeed  and  Overfeed 
Stokers  of  many  sizes  and  capacities  for  all 
types  of  boilers,  30  Horse  Power  and  up- 
wards. All  grades  of  Bituminous  Coal  are 
burned  successfully.  Operating  costs  are 
low.  Detroit  Stokers  are  of  substantial 
heavy  duty  design,  representing  over  40 


years'  experience  in  Stoker  manufacture 
exclusively.  Materials  of  the  highest  quali- 
ty arc  used*  All  Detroit  Stokern  erected 
and  tested  at  the  workn  and  installed  under 

the  direction  of  experienced  erection  super- 
intendents, Catalogs  of  various  types  will 
be  furnished  on  request*  Write  Detroit 
Stoker  Company,  Detroit,  t  Michigan,  or 
district  offices  in  principal  cities 


Detroit  UniStoker  with  Detroit  Ad- 
justable Feed  provides  a  wide  range 
of  coal  feed  control. 


Detroit  Double  Retort  Stoker,  a  mul- 
tiple retort  side  cleaning  stoker  far 
medium  size  boilers, 


Detroit    RotoStoker,    (Stationary 

Grate  Type').    Ash  removed  through 

doors  at  grate  level  successfully  burns 

a  wide  range  of  fuels. 


Detroit  UniStoker 
with  Detroit  Ad- 
justable  Feed 

(Coal  Feed  Control) 
insures  accurate 
fuel  and  air  supply 
for  best  economy. 
Single  Retort,  Side 
Cleaning,  for  boilers 
approximately  1,26 
to  250  horsepower, 

Detroit  Double 
Retort  Stoker,  a 

Multiple  Retort 
Stoker  having  two 
retorts  with  the  side 
cleaning  feature. 
For  medium  sized 
boilers  having  wide 
furnaces.  Used  to 
advantage  where 
limited  space  con- 
ditions prevent  the 
use  of  the  rear 
cleaning  Multiple 
Retort  Stoker. 

Detroit  Roto- 
Stokers  are  Over- 
feed Spreader  Type 
Stokers,  having  an 
Overthrow  Rotor  ac- 
tion, which  insures 
uniform  fuel  distri- 
bution over  the  en- 
tire area.  Offers  ad- 
vantages over  other 
firing  methods  for 
burning  inferior 
fuels  and  efficiently 
handling  extremely 
fluctuating  loads. 
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ffaeh  Detroit  (fniStukrr  with  its 
motor  or  stetitn-turbine  driven,  full- 
housed  hhwer  is  an  independent  unit* 


Detroit  Mttttitft  Retort  Stoker  for 

(arse  boilers  and  high  taptmitlts.  An 

inclined  fuel  lied  titoker,  f<i!ts«ssing 

all  outstanding  modttrn  features 


Detroit  RotoSloker  (Dumping  Grate 
Ty$e)  (Either  Power  or  Hand  Qper- 
atea)  for  large  boilers.    Particularly 
suited  to  fluctuating  loads. 


Detroit  Stoker  Company 


Heating  Systems 


DETROIT  LOSTOKER 

Detroit  LoStoker  is  a  complete  me- 
chanical firing  unit  in  many  grate  area 
sixes  and  capacities  for  application  to 
all  types  of  boilers  from  approximately 
30  to  150  hp.  Burns  various  grades  of 
Bituminous  Coal  with  high  efficiency. 
Fuel  is  fed  only  when  needed — none 
wasted,  Single  Retort,  Side  Cleaning, 
Adjustable  Plunger  Feed  Type,  me- 
chanically driven  from  electric  motor, 
requires  little  power  for  operation, 
Automatically  controlled  from  steam 
pressure  water  temperature  room 
thermostat,  compact,  easily  installed, 
responsive  and  automatic.  A  great 
coal  saver. 


DETROIT  LOSTOKER 
ADVANTAGES: 

Continuous  Adjustable  Plung- 
er Feed  with  control  of  the  quantity 
of  coal  fed  and  its  distribution. 

Heavy  Mechanical  Drive  of 

simple  design,  requires  little  power. 
Side  Cleaning  with  dumping 
grates,  ashes  removed  through  doors 
provided  in  the  Stoker  front.  No 
hand  cleaning. 

t  Agitator  in  coal  hopper  for  con- 
tinuous coal  feed,  cannot  stick  or 
jam  with  wet  coal. 

Automatically  Controlled. 
Motor  or  steam  turbine  driven,  con- 
trolled from  steam  pressure,  water 
temperature  or  thermostat, 

Many  grate  area  sizes  and 
capacities  to  fit  the  furnace,  and  pro- 
vide the  proper  grate  area  to  readily 
handle  heavy  loads  and  also  to 
operate  efficiently  under  light  load 
conditions. 


Detroit  LoStoker  with  hydraulic  drive  may 
be  either  brickset  or  firebox  type  as  above. 
Drive  has  many  advanced  features,  that  pro- 
vide a  wide  range  of  coal  feeds  and  requires 
little  power  'for  operation. 


Detroit  LoStoker  readily  applied  to  Firebox  Boilers — built  to 
fit  the  Furnace  or  Firebox.  Coal  Hopper  with  Agitator 
designed  to  clear  Boiler  Doors.  Plunger  Feed-side  cleaning 
feature  eliminates  arduous  hand  cleaning  of  fires  and  cor- 
responding losses. 


Detroit  LoStoker  (Side  elevation  in  brick  setting) 

HOPPI»  Mfwran 


Detroit  LoSloker  side  elevation  shmuing  adjustable  plunger  feed. 


Front  Elevation  of  Detroit  LoStoker  (brickset  type) 
built  to  fit  the  furnace.  For  use  with  horizontal  tubu- 
lar, firebox  boilers  on  brick  foundations  or  water  tube 
boilers.  Arrows  indicate  flow  of  air  to  all  parts  of  the 
fuel  bed. 
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Unit  Heat  maker  Room  Furnace 

The  Unit  Heat  maker  is  a  combination 
automatic  coal  stoker,  room-furnace,  hu- 
midifier, and  forced  warm-air  circulator. 
It  is  made  in  two  sixes;  each  size  available 
for  either  bituminous  or  anthracite  coal. 
This  unit  is  particularly  adaptable  for 
small  commercial  and  industrial  heating. 
Forced  circulation  improves  the  distribu- 
tion of  heat.  The  Iron  Fireman  Unit 
Heat: maker  is  clean  and  quiet  in  operation. 


Domestic  Hopper  Model 

For  use  in  warm-air,  steam  and  hot-water 
systems,  and  also  in  industrial  applications. 
Principal  application  is  in  residences. 
Hopper  model  is  easily  filled  through  a  low 


Self-Firing  Winter  Air-conditioner 

This  Iron  Fireman  innovation  produces 
superior  winter  air  conditioning  at  extra 
low  first  cost  and  comparably  low  operat- 
ing cost  .  .  .  together  with  the  convenience 
of  coal  feeding  automatically  from  the  bin. 
This  unit  contains  stoker,  steel  furnace, 
humidifier,  filters  and  blower.  May  be 
easily  adapted  to  existing  conditions  and 
requires  a  minimum  amount  of  space. 
Bituminous  and  anthracite  models. 


Domestic  Coal  Flow  Model 

opening.  Quiet  in  operation.  Mechanism 
is  dust-tight.  (Similar  models  for  anthra- 
cite remove  ash  automatically).  Coal  Flow 
models  feed  fuel  automatically  from  bin. 
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Motorstokor  Division 
Hershey  Machine  &  Foundry  Co. 


Factory  and  Home 
Office 

Manheim,  Pa. 


MOTOR 
STOKOR 


Installation    mid     .Service 

by  factory- trained  dealers 

in  all  anthracite  burning 

areas. 


DEFINITION 

A  complete  stoker,  burner,  and  optional 
ash-removal  system  for  automatic  com- 
bustion of  buckwheat  or  rice  anthracite. 
Applicable  to  coal,  gas  or  oil  furnaces  or 
boilers  for  providing  warm  air,  hot  water, 
or  steam,  Especially  designed  for  auto- 
matically heating  buildings  and  providing 
year-round  hot  water. 

RANGE  OF  TYPES 

Standard  installations  in  all  sizes  include 
direct-from-bin  feed  with  ash  removal, 
direct-from-bin  feed  with  pit  collection, 
hopper  feed  with  ash  removal,  and  hopper 
feed  with  pit  collection  of  ashes, 

RANGE  OF  SIZES 

Available  in  12  models,  providing  a  com- 
plete range,  The  smallest  is  the  new 
domestic  MpTORSTOKOR  No.  10  cap- 
able of  heating  average  small  homes,  It 
feeds  up  to  40  Tb  of  anthracite  per  hour,  is 
rated  at  1200  sq  ft  of  steam  and  1920  sq  ft 
of  water  radiation.  The  largest  are 
MOTORSTOKORS  No.  2  and  No.  3, 
feeding  up  to  100  Ib  of  coal  per  hour  and 
rated  at  2850  sq  ft  of  steam  or  4560  sq  ft 
of  water  radiation. 


ADVANTAGES 

(  Simplicity:  Entire  mechaniHiu  func- 
tions intermittently,  including  coal  feed, 
controlled  draft,  and  ash  removal,  A 
portion  of  the  combustion  air  is  fed  with 
the  coal,  preventing  dual  and  back  draft. 
Worm  feed.  Concentric  duatless  ring- 
burner  needs  no  cleaning,  Revolving 
bar  breaks  all  clinkers, 

Efficiency:  Fixed  air  mixture  for  uni- 
form combustion.  Floating  worm  assures 
uniform,  trouble-free  coal  feed,  Flexibly 
mounted  motor  operating  intermittently 
and  using  little  current.  Quiet,  direct- 
mounted,  self-compensating  fan. 

Ruggedness:  Heavy  cast  parts,  with 
lavish  use  of  chromc-moly,  monel,  nickel; 
and  special  alloys.  Oil-submerged  gears 
reduce  all  operations  to  very  slow  wear- 
free  motions,  Extraordinary  structural 
and  metallurgical  protections  against  cor- 
rosion. 

Safety:  Floating  coal  worm  minimizes 
stoppage  or  jams.  Air  feed  through  coal 
prevents  back  draft,  and  escaping  gas. 
Automatic  release-clutch  cuts  off  current 
when  over-loaded,  Minneapolis-Honey- 
well controls. 


The  new  MOTORSTOKOR  No.  10  marks  its  manu-        MOTORSTOKOR  tAP  for  heavy-duty  service  in 
r's  new  low  in  the  first  cost  of  completely  apartments,  office  buildings,  etc     Bin-fad™  ipe  at 

automatic  anthracite  equipment.  ieft.    Ash  removal  system  alright 
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Buffalo  Pumps,  Inc. 

450  Broadway,  Buffalo,  N.  Y. 


Branch  Offices 


ALIIANY,  N.  Y,,  1305  Standard  Bldg.,  H,  S.  Johnson 
ATLANTA,  OA,,  305  Todwood  Drive 
BALTIMOUB),  MD,,  508  St.  Paul  St.,  15.  K  Thompson 
BOSTON,  M  ABB,»  486  Main  St.,  Mdroao  Station,  E.1).  JohiiBon 
CHICAGO,  ILL.,  20  N.  Wuekur  Drive,  L.  D,  Emmert 
(  JINWNNATI,  (  hue,  Building  Industries  Bldg.,  P.  W.  Twombly 
OLKIVIILANI>,  OHIO,  418  Hookofollor  Bldg.,  T.  A.  Woagor 
DALLAS,  TMAB,  1H01  Tower  Petroleum  Bldg., 

T.  H.  Anspaohor 
DAVMNPOUT  IOWA,  305  Security  Bldg., 

D.  0.  Murphy  Co.,  Inc. 

DKNVKR,  COLO.,  171H  California  St.,  titoarna  Roger  Mfg.  Co. 
Dm  MOINM,  IOWA,  214  Old  Colony  Bldg.,      ' 

I).  C.  Murphy  Co.,  Inc. 
DMTUOIT,  MICH.,  2051  W.  Lafayette  Blvd., 

Coon-Do  Visser  Co.,  T.  E.  Coon 


GKEMNVILLE,  S.  C.,  21  Blue  Bldg. 
KANSAS  CITY,  Mo.,  424  Dwight  Bldg.,  A.  35.  Williams 
Los  ANGULBB,  CALIF.,  708  Pershing  Sq.  Bldg..  P.  H.  Adrianso 
MINNEAPOLIS,  MINN.,  2102  Foshay  Tower,  IS.  P.  Boll 
NMW  ORLEANS,  LA.,  Devlin  Bros.,  1003  Maritime  Bldg. 
NHW  YORK,  N.  Y.,  39  Corkiandt  St.,  W.  S.  Koibhau 
PHILADELPHIA,  PA.,  703  Curiard  Bldg.,  Davidson  &  Hunger 

PITTSBURGH,  PA.,  Power  Equipment  Co Oliver  Bldg. 

KICHMOND,  VA.,  Williamson  &  Wilmor,  Ino Mutual  Bldg. 

SjflATTLm,  WASH.,  500  First  Ave.,  So.,  A.  T.  Forsyth 
ST.  Louis,  Mo.,  1598  Arcade  Bldg.,  ,T.  W.  Cooper 
TOLEDO,  OHIO,  1922  Linwood  Avo.,  C.  M.  Eyster 
WASHINGTON,  D.  C.  640  Woodward  Bldg.,  G.  S.  Frankcl 

COMPLIIITJD   LINE   MANUFACTURE!)   IN   CANADA    BY   CANADA 

PUMPS,  LTD.,  KITCHKNIDII,  ONT. 


PRODUCTS— A  complete  line  of  Single  and  Multi-stage  Centrifugal  Pumps 

and  Special  Pumps  for  use  in  all  types  of  heating  and 

air  conditioning  installations. 


Buffalo  Double  Suction  Single 
Stage  Centrifugal  Pumps 


For  general  service  where  clear  water  is 
handled  you  will  get  top  performance  with 
these  pumps.  Ihey  embody  all  of  the 
accepted  modern  features  of  centrifugal 
pump  design.  Capacities  range  from  10  to 
50  thousand  U.S.  gallons  per  minute. 

Buffalo    Self-Priming    Single    and 
Double   Suction   Centrifugal  Pumps 


Now  available  with  positive  self-priming 
device  built  with  the  pump.  This  primer 
is  built  under  license  from  the  Nash  Engi- 
neering Company  and  is  fully  covered 
by  patent. 

Buffalo  Self-Priming  Pumps  offer  these 
advantages:  (1)  All  working  parts  are 
above  the  liquid  to  be  pumped.  (2)  There 
is  complete  access  to  all  parts  of  instal- 
lation. (3)  Rotors  are  balanced — vibra- 
tionless.  (4)  Buffalo  Self-Priming  Pumps 
are  very  quiet — no  long  shafts  to  vibrate 
and  fewer  bearings.  (5)  Constant  positive 
prime  obtained  without  foot  valves. 


Buffalo 

Automatic 

Sump  Pumps 

Buffalo  Sump 
Pumps t  are  self- 
contained  and 
have  unusually 
high  efficiencies 
thus  permitting 
the  use  of  small 
motors.  Ball 
bearing  thrust 
and  enclosed  shaft 
especially  adapt 
these  pumps  for  their  service. 

Buffalo  Single  Suction 
Closed-Coupled  Pumps 


This  pump  is  close-coupled  to  electric 
motor,  eliminating  the  necessity  for  bear- 
ings. The  impeller  is  overhung  c/n  the 
motor  shaft,  providing  a  compact,  easily- 
serviced  unit.  Permanent  alignment  is 
assured  and  the  pump  mounted  in  this 
manner  requires  very  little  space. 

Buffalo  Close  -  Coupled  Pumps  are 
suitable  for  handling  hot  water  with  low 
submergence  on  suction,  or  for  operating 
with  suction  lift  as  high  as  25  ft. 

These  pumps  are  also  available  in 
special  alloys. 
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The  Nash  Engineering  Company 


234  Wilson  Road 


South  Norwalk,  Conn,,  U.  S.  A. 


Sales  and  Service  Offices  In  all  Principal  (Htle.s 


Return  Line  Vacuum  Heating 
Pump 

Standard  with  the  heating  industry  for  over 

seventeen  years.    Removes  air  ami  conden- 
sation from  return  lines  of  vacuum  eteam  heat- 
ing systems,  discharging  air  to  atmosphere  and 
returning  water  to  the  boiler, 
f  Two  independent  units  are  combined  in  a 

single  casing- -an  air  unit  and  a  water  unit. 

Impellers  of  both  are  mounted  on  the  same 
shaft.    Pumpt  is  bronze  fitted  throughout. 

Supplied  direct  connected  to  standard  elec- 
tric motors,  for  belt  drive,  or  for  steam  turbine 
drive.  For  continuous  or  automatic  operation. 
Standard  in  capacities  up^  to  300,000  sq  ft 
E.D.H.  Larger  units  special.  Bulletins  Nos. 
307,  303,  309,  and  310  on  request, 


Vapor  Turbine  Vacuum  Heating 
Pump 

Jennings  Vapor  Turbine  Heating  Pumps 
combine  all  advantages  of  the  standard  return 
line  heating  pump  with  a  new  type  of  drive,  a 
specially  designed  low  pressure  turbine  which 
operates  directly  on  at  earn  from  the  heating 
mains  on  any  system,  requiring  a  differential 
of  only  5  in,  of  mercury,  and'  returns  that 
steam  to  the  heating  system  with  practically 
no  heat  loss. 

This  pump  affords  the  safety  and  economy 
which  goes  with  continuous  condensation  re- 
turn and  steady  vacuum,  and  at  no  cost  for 
electric  current.  Furnished  standard  in  capa* 
cities  up  to  65,000  sq  ft  K.XXR.  Larger  units 
special.  Bulletin  No.  200  on  request. 


Condensation  Pump  and  Receiver 

Removes  the  condensation  from  radiators  in 
return  line  steam  heating  systems,  particularly 
radiators  set  below  the  boiler  water  line  level, 
and  pumps  the  condensation  back  to  the 
boiler.  Pump  is  bronze  fitted  with  enclosed 
centrifugal  impeller  of  improved  design.  By 
making  the  pump  casing  a  part  of  the  return 
tank,  and  bolting  the  motor  base  to  the  tank, 
floor  space  is  conserved.  The  rectangular 
construction  permits  installation  in  a  corner 
against  the  wall. 

These  pumps  are  furnished  in  standard  sizes 
with  capacities  ranging  from  1%  to  225  gpm 
of  water.  For  serving  up  to  150,000  sq  ft  of 
equivalent  direct  radiation.  Bulletin  No,  319 
on  request, 
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The  Nash  Engineering  Company 

234  Wilson  Road  South  Norwalk,  Conn.,  U.  S.  A. 

Sales  and  Service  Offices  in  all  Principal  Cities 

Centrifugal  Pump 

Made  in  standard  and  suction  (self-priming) 
types.  For  circulating  hot  and  cold  water; 
boosting  city  water  pressure;  handling  water 
in  air  washing  and  conditioning;  handling  ash 
sluicing  water,  etc. 

Compact— motor  armature  and  pump  im- 
peller are  mounted  on  the  same  shaft.  Simpli- 
fied— no  bearings  in  pump  casing,  one  stuffing 
box.  Accessible — impeller  removable  without 
disturbing  piping  or  shaft  alignment. 

Self-priming  types  will  handle  air  or  gas  con- 
tinuously with  liquid  being  pumped,  and  can 
be  operated  intermittently  without  foot  valve. 

Supplied  in  1,  1M,  1&  2,  3,  4,  6,  and  8  in. 
sizes,  with  capacity  up  to  2000  gpm.  Heads 
up  to  300  ft.  Bulletin  No.  322  on  request. 


Suction  Sump  and  Sewage  Pumps 

Jennings  Sump  Pumps  are  self-priming  cen- 
trifugals for  handling  seepage  water  and 
liquids  reasonably  free  from  solids.  Sewage 
Pumps  are  equipped  with  non-clog  type  im- 
peller for  liquids  containing  solids.  Suction 
piping  only  is  submerged.  Centrifugal  impeller 
and  vacuum  priming  rotor  are  mounted  on 
same  shaft  that  carries  rotor  of  the  driving 
motor,  forming  a  single  moving  element,  ro- 
tating without  metallic  contact. 

Will  handle  air  or  gas  with  liquid  being 
pumped,  and  because  of  self-priming  feature 
are  installed  entirely  outside  of  pit,  affording 
perfect  accessibility  for  inspection  or  cleaning. 
Capacities  to  meet  all  requirements.  Bulletins 
Nos.  159,  161,  and  327  on  request. 


Air  Compressor  and 
Vacuum  Pump 

Nash  Air  Compressors  operate  on  a  unique 
and  different  principle.  The  one  moving  part 
rotates  in  casing  without  metallic  contact. 
There  is  nothing  to  wear,  and  no  internal 
lubrication. 

Nash  Compressors  deliver  absolutely  clean 
air;  ideal  for  agitation  of  liquids,  pressure 
displacement,  and  handling  gases.  Vacuum 
pumps  ideal  for  priming  pumps,  blood  sucking 
pumps  in  hospitals,  and  wherever  non-pul- 
sating vacuum  is  required. 

Pressure  75  Ib  or  vacuum  27  in.  of  mercury. 
Furnished  for  any  capacity;  special  for  higher 
vacuums  and  pressures.  Bulletins  Nos.  252, 
282,  325  and  331  on  request. 
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Chicago  Pump  Company 


2330  Wolfram  Street 


BRUnswick  4110 


Chicago 


PRODUCTS— Return  Line  Vacuum  Heating  and  Boiler  Feed  Pumps,  Con- 
densation, House,  Booster,  Fire  Pumps,  Circulating,  Brine,  Sewage,  Bilge, 
Sludge,  Pneumatic  and  Tankless  Water  Supply  Systems  and  Automatic 
Alternator  for  Duplex  Sets  of  Pumps. 


"CONDQ-VAC" 

Return  Line   Vacuum   Heating   and 
Boiler  Feed  Pump 


Fig.  8108 — Duplex  "Condo-Vacs"  with 
Duplex  Double  Automatic  Control 

No  vacuum  on  stuffing  boxes,  ample  clear- 
ance in  rotating  member,  It  costs  less  to 
operate  a  "Conclo-Vac."  "Condo-Vac" 
reduces  corrosion  in  piping  and  boiler  to 
minimum — because  pump  does  not  take 
in  air  from  atmosphere  and  entirely  elimi- 
nates a^ll  air  coining  back  from  system, 
"Condo-Vac"  is  cjuiet,  has  a  low  inlet, 
entirety  automatic,  fool-proof,  easy  to 
maintain,  A  sk  for  bulletin  270. 


Close-Coupled  Pumps 

Boiler  Feed,  Circulating,  Tank  Filling, 
Water  Supply 


Fig.  SI SO—Close-Coupled,  side  suction  pump,  Capac- 
ities range  from  S  to  600  Gpm  against  heads  up  to 
189  ft.  Motors  from  1/6  to  20  I* p.  Discharge  1  to 
3  in.  Closed  and  open  type  impellers.  Bulletin  108. 


"Sure-Return"  Condensation  Pump 

for  Low  and  Medium  Pretmirc,  and  Systems 
up  to  35,000  S<i  Ft  Radiation 


"Sure  Return"  Condensation  Pumps  and 
Receivers  are  built  for  systems  up  to 
35,000  sq  ft  of  direct  radiation  and  for  low 
and  medium  pressures.  Built  in  either 
single  or  duplex  units.  Duplex  units  are 
alternated  in  their  operation  by  the  Auto- 
matic Alternator.  Complete  data  in  Bulle- 
tin 860. 


Vertical  Condensation  Pumps 

for  Low  and  Medium  Freaaure  for  Systems 
from  500  to  100,000  Sq  Ft  Radiation 

The  vertical  condensation 
pump  is  designed  to  re- 
ceive returns  from  lowest 
radiation.  The  receiver  is 
placed  underground — an 
ordinary  hole  sufficing  if 
necessary  —  and  requires 
very  little  floor  space. 
Unit  is  shipped  complete, 
easy  to  install,  assembled 
so  as  to  prevent  steam 
leaks.  Special  bearings 
will  stand  up  under  hot 
water  for  several  years. 
A  special  float  mechanism 
is  guaranteed  not  to  leak 
or  stick  in  stuffing  box. 
Complete  data  and  descrip- 
tion in  Bulletins  $45  and 
$55. 


Fig.  1940 

vertical 

Condensation 

Pump 
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PRODUCTS 
for  STEAM 
SERVICE 


AMERICAN  DISTRICT  STEAM  COMPANY 

NORTH  TONAWANDA.N.Y. 

IN  BUSINESS  OVER  SIXTY  YEARS 
Branches  and  Agents  in  Principal  Cities 


oint 


Inter  natty- Jlxurnally  Guided  Joint 


Tile  Conduit  with  "  Fiber  glas"  Insulation 


Rotary  Condensation  Meter 


Storage  Water  Healer 


PISTON-RING   EXPANSION   JOINT 

Piston  rings  in  the  guide  ring  attached 
to  the  inner  end  of  the  slip  hold  the  line 
pressure,  enabling  the  joint  to  be  unpacked 
and  repacked  under  full  operating  pressure 
without  interruption  to  service.  A  fully 
guided  joint  for  pressures  to  400  Ib  and 
temperatures  to  750  F.  Slip  cannot  pull 
out  of  body.  Write  for  Bulletin  No.  35-15G. 

INTERNALLY-EXTERNALLY 
GUIDED  SLIP  EXPANSION  JOINT 

A  slip  type  joint  with  internal  guide  on 
inner  end  of  slip  and  external  guide  in  two- 
piece,  removable  hood,  Slip  cannot  pull 
out  of  body.  Availably  in  semi-steel,  cast 
or  wrought  steel  bodies  in  sizes  from  1)^-20 
in.  for  pressures  to  300  Ib  and  tempera- 
tures to  750  F.  Fully  illustrated  and 
described  in  Bulletin  No.  35-20G. 

ADSCO-BANNON  TILE  CONDUIT 

Vitrified,  tile  conduit  for  underground 
steam  or  hot  water  lines  with  or  without 
base  drain  in  sizes  from  4-24  in.  incl. 
Pipe  supports  fit  reinforcing  ribs  within 
the  conduit  without  piercing  conduit  wall. 
In  combination  with  "Fiberglas"  Filler 
Insulation,  it  provides  a  permanent,  effi- 
cient installation  at  reasonable  cost.  Write 
for  Bulletin  No.  35-67G. 

ROTARY    CONDENSATION    METER 

Measures  steam  consumption  by  meter- 
ing conclensate  from  heating  systems  or 
industrial  equipment.  Accurate  within 
I  per  cent  and  factory  tested  to  150  £>er 
cent  of  rated  capacity.  Compact,  easily 
cleaned,  tamper-proof  and  equipped  with 
non-fogging  counter  mechanism,  Counter 
reads  directly  in  pounds.  Suitable  for 
vacuum  or  gravity  service.  Available  in 
7  sizes  from  250-12,000  Ib  per  hour  capa- 
city. Write  for  Bulletin  No.  35-80AG. 

ADSCO  WATER  HEATERS 

Made  in  Storage  and  Instantaneous 
Types  with  copper  U-tube  or  straight  tube 
heating  elements  in  any  si/,e  or  capacity 
to  meet  specific  operating  conditions. 
Also  manufacturers  of  Heat  Economizers, 
Swimming  Pool  Heaters,  Fuel  Oil  Heaters 
and  other  heat  exchanger  units.  Write 
for  Bulletins  35-75G  and  35-76G. 
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E.  B.  Badger  &  Sons  Co. 

General  Office:  75  Pitts  Street,  Boston,  Mass. 


Representatives 


ATLANTA,  GA ..140  Kclgewnod  Avf. 

BIRMINGHAM,  ALA 444  Brown-Marx  Hldft 

BUFFALO,  N,  Y.... .  IW1  Delaware  Ave. 

CHARLOTTE,  N.  C 1408  Independence  IttdK* 

CHICAGO,  ILL 1307  K.  Michigan  Ave. 

CINCINNATI,  OHIO... 831  Temple  Bar  Bldic. 

CLEVELAND,  OHIO ,,. Guardian  Bldg. 

DKNVBR,  COLO , 725  Denver  National  BldR, 

DBS  MOINES,  IOWA 414  Twelfth  St. 

DETROIT,  Mien 424  Book  Bldg. 

HOUSTON,  TEXAS 8040  Navigation  Blvd. 

INDIANAPOLIS,  IND , 826  Occidental  Illdu. 

KANSAS  CITY,  Mo 1332  Oak  St. 


LONDON,  KN<»I.ANI» 
Los  ANUKI.KS,  ('AUK. 
MiNNKAi'oi.is,  MINN, 

MoNTKKAf.,  Ot'KHIU'     ., 

NKW  OKI.KANS,  LA, 
NKW  YO«K,  N.  Y, ,. 

PllILADKLPIHA,  PA,  ,. 

PrmnuHtiii,  PA, 
HALT  LAKK  C'rrv,  UIAII  , 
SAN  FRANCISCO,  ("AUK 
SKATTLK,  WASH,,, 
ST.  Louis,  Mo,  , 

,  B,  (*,.,  ., 


IJVB,  Mnnrgate 

.     WW  S,  Amlcrmm  St, 

732  BtiiUlrrrt  Exchange 

1411  ('rcw'rni  St. 

,<I2H  South  IVteni  St 

,  271  Miirifaon  Ave. 

,  IftOO  Walnut  St 

4(W  MIIKCC  Hldg. 

,    ,    ...    KrnrnR  Bldg* 

,    Sharon  Bldg, 

Smith  Tower 

,   4IWO  \Vi'*l  Pine  Blvd. 

.,  ...KWfl  Klclmrdi  St, 


ENGINEERS  AND  MANUFACTURERS 

Manufacturers  of  Copper  and  Stainless  Steel  Badger  Corrugated  Expansion 

Joints;  Engineers  and  Manufacturers  of  Chemical  Apparatus;  ttn&ineers  on 

Process  Work;  Designers  of  Complete  Plants* 


More  than  forty  years'  experience  in  design,  manufacture  anil  application  are  back 
of  BADGER  EXPANSION  JOINTS,  Most  recent  developments  tmphatixe  the 
constant  study  Badger  engineers  are  giving  to  expansion  joint  development; 

1  ...  Application  of  Heat  Treatment  ,  .  ,  scientific  heat  treatment  is  applied 
throughout  the  fabrication  of  Badger  Expansion  Joints  with  the  result  that  the  buyer 
gets  all  the  benefits  of  this  important  metallurgical  step* 

2  ...  Directed  Flexing  -  •  •  involving  a  new  design  corrugation  and  equalising  ring, 
resulting  in  much  longer  joint  life.     The  all-curve  Directed  Flexing  corrugation  distri- 
butes flexing  stresses  which,  with  straight-sidecl  corrugations,  tend  to  localize, 

3  ...  Stainless  Steel  Joints  . . .  perfected  after  years  of  study  and  testing  with  this 
useful  metal  ,  .  ,  now  practicable  to  use  the  packless  type  of  joint  for  high  tempera- 
tures and  high  pressure  conditions, 

The  BADGER  Expansion  Joint  is  the  packless  type,  Requires  no  servicing  through- 
out its  long  life.  Ideal  particularly  for  underground  use  or  in  cramped  quarters,  wide 
range  of  traverse. 

BADGER 

Self-Equalizing,    Directed 
Flexing,  Expansion  Joint 

Designed  for  traverses  ranging 
from  fractions  to  6  inches  single 
and  12  inches  double;  for  pres- 
sures ranging  from  high  vacuum 
to  200  pounds  (copper)  and  300  pounds 
(stainless    steel);    and    for  temperatures 
ranging  from  sub-zero  to  500  F  (copper) 
and  900  F  (stainless  steel).   List  prices,  in- 
stallation and  other  data  in  Bulletin  100. 

BADGER 
Non-Equalizing 
Expansion    Joint 

Designed  principally  for  traverses  up  to 
Y<L  inch  and  for  pressures  up  to  25  pounds; 
also  good  as  the  connecting  element  be- 
tween adjacent  equipment  to  absorb  vibra- 
tions or  limited  lateral  displacements; 
standard  shapes:  round,  oval,  square  or 
rectangular;  special  shapes  to  order. 
Bulletin  No.  200. 


Weldint  End 
and  Flanged 
Directed 


Pltxing, 
Jlquafiting 


BADGER  Flexible  Pipe  Line  Seal 

Designed  to  be  used  on  pipe  passing 
through  walls,  foundations  or  bulkheads, 
the  purpose  being  to  allow  expansion  and 
contraction  but  to  seal  the  opening  against 
seepage  of  ground  or  other  waters. 
Bulletin  No.  300. 
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Cochrane  Corporation 

3130  North  17th  Street,  Philadelphia,  Pa. 

Branch  Offices  in  40  Principal  Cities 


GOCHRANE  HEAVY-DUTY 
STEAM  TRAPS 

A  high  pressure  unit  for  condensate 
drainage  of  steam  lines,  separators,  coils, 
evaporators,  etc.,  and  for  conditions  invol- 
ving; relatively  high  drainage  rates.  Rec- 
ommended for  pressures  up  to  400  Ib. 

Simple  construction.  No  levers,  con- 
stricted passages  or  stuffing  boxes  to  be- 
come clogged  with  sediment  or  scale.  All 
parts  are  readily  accessible.  Action  is 
quick  and  positive,  avoiding  wire  drawing 
and  erosion. 

Write  for  publication  No.  2850. 


Bucket  Trap 


MULTIPORT  DRAINERS 

Of  the  multiport  type,  they  afford  un- 
tisual  capacity  for  removing  condensate  or 
drips  from  purifiers,  separators,  jackets, 
radiators,  pressure  heating  or  drying  coils, 
•etc.  Eliminating  condensate  delivers  maxi- 
mum heat  from  steam  production  at  lower 
cost.  Tremendous 
capacity  assured 
by  large  port 
areas.  Provides 
•continuous  dis- 
•chargc.  Instantly 
responsive. 
Compa  ct 
.and  light 
in  weight. 
For  pres- 
rsures  up  to 
150  Ib.  Multipart  Drainer 


COGHRANE  MULTIPORT 
RELIEF  VALVES 

For  back  pressure,  atmospheric  relief, 
flow  or  check  valve  service  on  air,  gas, 
steam  or  water  lines  to  give  positive  pro- 
tection against 
explosions  aris- 
ing from  stuck, 
jammed  or  over- 
weighted valves. 
Differ  in  the 
usual  construc- 
tion in  that  a 
number  of  small 
disks  are  used 
instead  of  one 
large  disk.  For 
full  description 
write  for  publi- 
cation No.  2870. 


ALL-SERVICE  SEPARATORS 

Steam  is  rarely  or  never  generated  dry 
clean  and,  in  that  state,  corrodes  turbi 


Multipart  Back  Pressure 
Valve 


or 

•ine 

blades,  engine  and  pump  cylinders,  valves, 
pistons,  etc.  Exhaust  steam  contains  oil 
and  entrained  solids  which  should  be  re- 
moved if  used  for  heating  purposes  or 
otherwise. 

Cochrane  Separators  purify  steam  by 
separating  out  oil,  slugs  of  water  and  con- 
densate. Complete  removal  of  entrain- 
ment  is  accomplished  by  vertical  baffle 
ribs  which  guide  it  into  a  direct  unrestric- 
ted fall,  and  a  baffle  area  which  extends  far 
beyond  the  flow  from  the  inlet  pipe.  Ports 
at  the  sides  of  the  baffle  prevent  the  puri- 
fied steam,  from  passing  over  the  drip  area 
and  coming  into  contact  with  the  entrain- 
ment.  The  steam  flow  is  uninterrupted 
and  pressure  loss  is  minimized. 


All  Service  Separator 


For  information  on  other  Steam  Special- 
ties   write    for    individual    publications. 
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MATERIALS  USED  IN  ARMSTRONG  TRAPS 


Part  No, 


1  &2 

3 

4 

5 

6 

7 

8 

9 
10 
If 
12 


Name 


Cap  and  Body . 
*Seat. 


Guide  Plate  Pino. 

*VaIve 

Lever, 


Bucket  (drawn  in  one  piece'  for  No'.  800,' 80 1 ,' 2  j  I  and  21 2) 

Retainer 

Gasket \\ 

Bolts  and  Nuts 

Thermic  Vent 

Test  Plug !.,,!.!!!,!'.','. 


Material 


Cast  Semi-Steel,  33,000  Ib  tensile  strength 

Chrome  Steel 

Stainless  Steel  18-8 

Chrome  Steel 

Stainless  Steel  18-8 

Stainless  Steel 

Stainless  Steel  18-8 

Compressed  Asbestos  J£" 

Steel  90,000  Ib  minimum  tensile 

Stainless  Bi-metal  and  Stainless  Steel 

Steel 


"Valve  and  Scat  arc  heat  treated  after  machining. 

4,  The  wearing  parts  in  all  Armstrong 
Traps  are  identical  in  design,  material,  and 
precision  workmanship  with  parts  used  in 
Armstrong  Forged  Steel  Traps  for  pres- 
sures up  to  1500  Ib  gage  and  total  tempera- 
tures of  850  F. 


Armstrong  Steam  Trap  Book.  This 
36  page  book  gives  complete  information 
on  all  sizes  and  types  of  Armstrong  Traps. 
It  also  contains  17  pages  of  data  on  the 
subject  of  trap  selection,  installation,  and 
maintenance.  A  free  copy  will  be  mailed 
on  request. 


No.  2U-&16,  Standard  Type 


Traps  No.  211-216 


No.  811-216,  Blast  Type 


Trap  Size 

No.  211 

No.  212 

No.  213 

No.  214 

No.  21  5 

No.  21  6 

$10.75 
Aspen 
Aspette 

$17.00 
Birch 
Birette 

$22>5 
Walnut 
Walette 

$29.00 
$31.50 
Hemlock 
Hemlette 

1"  or  11/4" 
$38.00 
$40.50 
Larch 
Larette 

IVV11  or  2" 
$55.00 
$60.00 
Tamarack 
Tamrette 

List  Price  (Regular)  ,  

List  Price  (Blast  Trap) 
Telegraph  Code  (Regul 
Telegraph  CodejCBlast 

ar)  

Trao)  

6W1 

8" 

10VV 

UVi" 

14" 

16'/4" 

Diameter  "         A  

511 

6yg" 

W| 

8</v; 

10!%" 

Wall  Thickness        "         C  

4" 

w 

Y 

% 

% 

Diameter  of  Bolts   

1/4  n 

1/4  « 

VB" 

Vz" 

1/2" 

Number  of  Bolts  

6 

6 

Q 

8 

12 

Weight  

5'/2  Ib 

1  OVV  Ib 

19  Ib 

32  Ib 

47  Ib 

80  Ib 

Maximum  Pressure  

250 

250 

250 

250 

250 

250 

5 

830 

1600 

2900 

4800 

7600 

14500 

10 

950 

1900 

3500 

5800 

9000 

17300 

Continuous  discharge 
capacity  in  Ib  of  water 
per  hour  at  pressure 
indicated.    For  more 

15 

u       20 
1       30 
1       50 

1060 
880 
1000 
840 

2100 
1800 
2050 
1900 

3900 
3500 
4000 
4100 

6500 
6000 
6800 
6300 

10000 
8500 
9800 
9000 

19200 
18500 
18000 
18200 

complete  information, 
flee    the    Capacity 
Chart  in  the  Arm- 

£      70 

43         100 

3      125 

950 
860 
950 

2200 
1800 
2000 

3800 
3600 
3900 

6000 
6200 
6700 

9200 
10400 
10900 

18300 
18000 
20000 

strong  Steam  Trap 

150 

810 

1500 

3500 

5700 

9500 

18500 

Book. 

200 

860 

1600 

3200 

5300 

9200 

17500 

250 

900 

1680 

3500 

5700 

7000 

19000 
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Heating,  Industrial  and  Power  Plant  Piping  Fittings,  Hangers, 
Valves,    Pipe   Bending,   Welding,   Piping   Supplies,    Etc, 

Executive  Offices:  Providence,  R*  L 
National  Distributors  of  Thermoflex  Traps  and  Heating  Specialties 

For  data  on  other  Grinnell  Product!,  lee  pagei  978-074 


Thermoflex  Specialties 

The  heart  of  all  Thermoflex  Traps  is  the 
Hydron  Bellows. 

The  Hydron  Bellows  is  formed  under 
hydraulic  pressure.  This  powerful  internal 
pressure  locates  any  weakness  of  any 
nature  in  the  tubing.  Such  hydraulic  pres- 
sure is  many  times  more  severe  than  any 
pressure  the  Trap  will  ever  be  called  upon 
to  control.  Every  Thermoflex  Trap,  there- 
fore, is  practically  indestructible. 

Thermoflex  Traps  have  an  exceptionally 
large  orifice.  This  large  orifice  combined 
with  high  lift,  insures  fast  action  and 
freedom  from  clogging. 

We  supply  Thermoflex  Traps  guaran- 
teed for  steam  pressures  of  25  Ib,  to  50  Ib 
and  to  125  Ib.  Complete  information  and 
details  of  typical  installations  will  be  gladly 
sent  on  your  request,  Ask  for  Catalogue 
on  Thermoflex  Heating  Specialties. 

Valves,  Traps,  Gauges,  Etc. 

The  Thermoflex  line  includes:  Radiator 
Traps,  Offset  Traps,  Blast  Traps,  Drip 
Traps,  High  Pressure  Traps,  Vent  Traps, 
High-grade  Packless  Inlet  Valves,  and  the 
Thermoflex  Alternator,  Thermoflex  Com* 
pound  Gauge,  Thermoflex  Damper  Regu- 
lator. 

No.  12 
Thermoflex  Radiator  Trap 


The  full  eight-fold  Thermoflex-Hydron 
Bellows  is  guaranteed  because  of  the 
Hydron-formmg  process.  Body  is  heavy 
bronze  construction  throughout,  with 
renewable  seat. 

Fully  nickel-plated  with  highly  polished 
trimmings.  The  No.  12  is  made  in  angle 
and  in  corner  patterns,  with  J^  in.  inlet 
and  Y%  in.  outlet  tappings.  The  inlet  neck 
is  double  thick  to  allow  for  expansion 
strains.  Guaranteed  for  steam  pressures 
up  to  25  Ib. 


Thermoflex  High  Pressure  Traps 


The  No.  100A  Thermoflex  Trap  is  guar- 
anteed for  steam  prewuret  from  50425 
Ib,  Must  not  be  used  where  the  steam 
temperature^  exceeds  400  F. 

For  use  with  all  types  of  process  work, 
Laundry  Machinery,  Kitchen  Equipment, 
Hospital  B  Sterilisers,  Vulcanizers,  Dry 
Kilns,  Unit  Heaters,  Street  Steam  Service, 
etc.,  in  fact  any  place  that  a  trap  is 
desired  for  service  at  the  above,  pressures, 

Small,  compact,  antl  inexpensive, 

Extra  heavy  body*  Renewable  nickel 
steel  seat  and  disc,  Bellows  made  from 
special  bronze  tubing  and  encased  in  brass 
sleeve  to  prevent  distortion  due  to  pressure. 

Regularly  furnished  without  unions, 
plain  nickel  finish.  Can  be  furnished  with 
unions,  polished  nickel  or  chromium  plated 
at  extra  cost. 

No*  4  Thermoflex  Drip  Traps 


Used  for  dripping  mains,  risers,  coils  and 
unit  heaters.  Semi-steel  body,  bronze  cap 
and  inserted  renewable  bronze  seat,  angle 
pattern  only,  without  unions,  Can  DC 
used  for  any  general  purpose  where  a 
finished,  nickel-plated  trap  is  not  neces- 
sary, and  at  a  lower  cost.  Guaranteed  for 
steam  pressures  up  to  25  Ib. 
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Kieley  &  Mueller,  Inc. 

Established  1879 

Engineering  Specialties  for  Pressure  and  Flow  Control 
40  West  13th  Street,  New  York,  N.  Y. 

Factory:    NEWARK,  N.  J, 
Agents  in  All  Principal  Cities 


~B»*i»;r  <;JK  Allti*ude'  Stop  and  Check,  Pressure  Regulating,  Float, 
Reducing,  Back  Pressure,  Tank  Control. 

de^trainerntr°Uer8>  W*ter  Feeders>  pumP  Governors,  Steam  Traps, 

Also    Damper    Regulators,   Hot    Water    Temperature    Controllers,    Oil 
Separators,  Steam  Separators,  Return  Traps,  Water  Columns,  etc. 

Catalogs  sent  upon  request 
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Pressure  Regulating  Valve 

Spring  and  lever  weighted  valves  for  all 
services  and  for  initial  pressures  up  to  250 
Ib  and  reduced  pressures  from  0  to  three- 
auarters  of  the  initial  pressure.  Single  or 
double  seated  in  sizes  %  to  16  in.  Suitable 
for  steam,  water,  air,  oil  and  gas.  Con- 
trolled by  a  small  feeler  pipe  connected 
from  diaphragm  to  low  pressure  side. 

Steam  Traps 

Large  capacity, 
small  sized  inverted 
bucket  traps ;  quick- 
acting,  self-cleaning 
and  non-air  bind- 
ing. Sizes  %  to  2 
in.  Pressures  up  to 
250  Ib,  Body  and 
cover,  semi  -  steel. 
Valve  and  seat, 
stainless  steel.  Re- 
movable cap  allows 
inside  inspection  or 
replacement  of 
valve  parts  without 

disturbing  pipe  connections.     (All  parts 

are  interchangeable). 


Back  Pressure  and  Atmospheric 
Relief  Valve 

For  use  where  plant  is  operated  either  con- 
densing or  non-condensing.  Outside  air 
dash  pot  insures  noiseless  operation. 
Maintains  exhaust  line  back  pressure  from 
0  Ib  to  25  Ib.  Made  horizontal  or  vertical 
lever  and  weight  or  spring  operated. 


Liquid  Level 
Controllers 


For  the  accurate  control  of  liquids  in  tanks 
or  other  vessels;  suitable  for  use  in  in- 
dustrial plants,  gasoline  plants,  refineries, 
etc.  Direct  connected  or  remote  control; 
ball  bearing  spindle  and  easy-to-pack 
stuffing  box;  rotary  or  sliding  valve* 
Write  tor  special  bulletin  C-3. 
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Mueller  Steam  Specialty  Co.,  Inc. 

40-20  22nd  Street,  Long  Island  City,  N.  Y. 
Steam,  Water,  Air,  Oil  and  Gas  Specialties  for  Heating  and  Fower  Plants 

Pressure  Reducing  Valves—Straight  Pattern  and  With  Increased  Outlet 


No.  Gir— 

vp  to  01,000  sq  VL 


No.  11 — For  Vacuum,  Vapor  and  Low  Pressure  Heating  System*.  Initial  Pressures, 
up  to  200  Ib;  Reduced  Pressures,  0  to  10  Ib. 

No.  17  and  21 — For  automatic  control  of  reduced  pressures  on  dead-end  service, 
requiring  a  tight  closing  valve,  such  as  tank  heaters,  kitchen  utensils,  sterilizing  ap- 
paratus, laundry  equipment,  kettles,  cookers,  driers,  etc.  Initial  Pressures  up  to  200  ID, 
Reduced  Pressures  0  to  150  Ib. 

Constructed  with  full  globe  bodies.  Center  guide  eliminates  the  wings  on  discs,  and 
increases  efficiency,  assures  minimum  noise  and  prolongs  the  life  of  the  seats  and  discs, 
Lever  and  weight  operates  on  a  steel  roller  bolt,  assuring  a  most  sensitive  valve.  Spring 
type  furnished  with  special  long  springs  for  sensitive  operation  and  wide?  ranges  of 
reduced  pressures. 

Automatic  Water  Feeders 

With  a  powerful  leverage  to  control 
the  water  line  in  steam  boilers,  etc,  They 
supply  make-up  water  to  compensate  for 
evaporation,  leaks,  steam  utilized  in 
process  work  and  condensation  wasted. 
Where  condensation  held  up  in  the 
system  eventually  returns  in  large 
quantities,  our  Duplex  type  protects 
the  boiler  against  flooding.  All  working 
parts  of  non-corrosive  metal,  are  accessible  without  breaking  pipe  connections.  Provided 
with  an  integral  strainer.  For  steam  pressures  up  to  100  Ib,  water  pressures  up  to  120  Ib. 

Equipped  with  low  water  and  pressure  Mercoid  Tube  Switches  for  all  service!. 

Steam  Traps 

Simple,  Sturdy  and  Compact  Ball  Float 
and  Inverted  Bucket  Steam  Traps  for 
draining  water  of  condensation  from  steam 
apparatus  and  steam  mains, 
Powerful  leverage  enables 
them  to  take  care  of  large 
quantities    of    condensation. 
Ball   Float    Steam   Traps 
equipped  with  integral  strain- 
er,   water  gages,   air  cocks, 
blow-off  and  integral  by-pass 
valve,  when  desired. 

All  working  parts  are  ac- 
cessible without  disturbing 
any  pipes. 

Valves  are  sealed  with  sev- 
eral inches  of  water,  making 
the  escape  of  steam  impossible. 

CATALOGUE  and  BULLETINS  covering  our  COMPLETE  LINK  gladly  furnished  on  application. 
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Bail  Float 

No.£19~Uj>  to  80  Ib. 

No.  m—Up  to  150  Ib. 

Sizes  %to8 in. 


Inverted  Bucket 
No.  Ml— For  Fmtum 

Up  to  MO  Ib, 
Siz&8  H  to  8  in. 
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Wright-Austin  Co. 

317  West  Woodbridge  St.,  Detroit,  Mich. 


PRODUCTS— Steam  Traps,  Strainers, 
Air  Traps,  Steam  and  Oil  Separators, 
Compressed  Air  Purifiers,  Exhaust 
Heads,  Boiler  Feeders  and  Controllers, 
Alarm  Water  Columns,  Water  Gauges, 
Trycocks. 

"Airxpel"  Bucket  Type  Steam  Traps 

Are  "double  duty"  traps,  because  they 
automatically  discharge  both  air  and 
condensate. 

Union    connections    make    them    easy 
to    connect    up. 
Also,  furnished 
with  screw  con- 
nections    when 
desired.    They 
save    money    for 
fittings  and  instal- 
lation   labor,    by 
having    straight 
through    horizon- 
tal   pipe    connec- 
tions. 


The  Cub  sixes  are  made 
in  y%  in.,  %  in.,  I  in. 
Especially  suitable  for  in- 
dividual unit  drainage  on 
heating  and  process  equip- 
ment. 

Also  three  "Master" 
sizes  H  in.  to  2  in.,  for 
general  service. 


"Combination"  Steam  Trap 

Float  Type  with 
internal  thermo- 
static  air  bypass 
and  strainer  for 
pressures  0  to  40 
Ib.  A  modernly 
designed  and  very 
successful  trap  for 
vacuum  and  pres- 
sure heating. 

"Victor"  Low  Pressure  Steam  Trap 


A  heavy  duty 
trap  for  large 
volumes  of  con- 
densation at  low 
pressures. 


"Emergency"  Float  Type  Steam  Trap 

Three  valve  trap  with 
large  capacity  at  high 
pressures.  An  ex- 
ceptionally reliable 
trap  for  use  in  inac- 
cessible places. 


Air  Relief  Trap 

For  relieving  air  from 
forced  circulation  hot 
water  heating  systems, 
water  supply  lines, 
closed  tanks,  receivers, 
pumps,  etc. 

"Tuway"  Strainer 

May  be  used  two  ways — 
as  a  straight-way  or  angle  ,,  [ 
strainer,    in    either    hori-  •' 
sjontal    or    vertical    pipe  o  r 
line,   because   it   has  the 
choice   of   two   inlets   at 
right  angles  to  one  another.  '^-  •  / 
For   cleaning,   flush  _    v'V1 
through  blow-off  connection,  or  remove 
screen  by  .unscrewing  bottom  plug. 

Separators — Steam  and  Oil 

Type  "A"  Vertical  Type  "S" 

Steam  Horizontal  Oil 


VBHHHV  ^J»" 

We  make  separators  of  every  type  and 
all  sizes  for  all  pressures. 


Exhaust  Head 

Designed  to  eliminate 
noise  and  spray.  Three 
types  to  select  from — the 
"Cyclone"  Heavy  Duty, 
and  Standard  Galvanized 
Steel — also,  the  cast  iron 
type,  to  remedy  all  condi- 
tions. Sizes  1  in.  to  48  in. 


Send  for  descriptive  Bulletins  on  any  of 
the  items  listed  on  this  page. 
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Yarnall- Waring  Company 


Manufacturers  of 


Steam  Specialties 


7600  Queen  Street,  Philadelphia,  Pa. 


YARWAY  IMPULSE  STEAM  TRAPS 


Construction —The  Yarway  Impulse 
Steam  Trap  is  unique  in  that  there  is  only 
one  moving  part,  the  simple  valve  I'. 
This  trap  is  made  of  bar  stock  throughout* 
no  castings  used.  Body  and  bonnet  of 
cold  rolled  steel,  cadmium  plated;  cap  of 
tobin  bronze,  valve  and  seat  of  heat 
treated  stainless  steel,  For  pressures 
400  to  600  lbr  bonnet  and  cap  are  stain- 
less steel. 

Operation-  Movement  of  the  valve  is 
governed  by  changes  in  pressure  in  control 
•chamber  (K).  When  handling  ordinary 
condensate,  tiny  control  flow  bypassing 
through  orifice  in  center  of  valve  reduces 
•chamber  pressure  below  Inlet  pressure  and 
valve  opens,  allowing  free  discharge 
through  seat.  As  condcnsate  approaches 
steam  temperature,  low  chamber  pressure 
causes  flashing,  flow  through  center  orifice 
is  choked  and  pressure  builds  up  in  control 
chamber  closing  valve  (F). 

Advantages 

Light  Weight— ™  Yarway  traps  need  no 
support-—^  in.  trap  weighs  only  Ifyi  Ib, 
2  in.  trap  weighs  8%  Ib. 

Small  Size — They  practically  eliminate 
radiation  losses — can  be  installed  in 
cramped  quarters- — J^  in.  trap  measures 
2J4  in,  long — 2  in.  trap,  4%  in,  long, 

Will  not  air  "bind. 

Require  no  priming. 

Insure  quick  heating. 

Operate  on  exclusive  Impulse  principle 
•(  U.  S.  Patents  No.  ®fl8l  ,7S®  and$,lW,649.) 

Low  Price — Often  cheaper  than  re- 
pairing old  traps. 


Factory  set  to  operate  at  all  pressures 
un  to  400  Ib  (or  000  Ib)  without  change 

of  valve  neat. 


List  Prices,  Weights  and 

No.  60  Series  up  to  400  Ib*.  and 
No.  70  Serif*  -up  to  400  lb». 


Size 

Trap 
Complete 

Weight 

Found* 

Length 
Inchefi 

I//  Noi.  60  or  70 
W  Nan,  61  or  71 
r     No».  63  or  73 
I'//  No*.  64  or  74 
|l//No».66or  76 
V    No*,  67  or  77 

$15,00 
22.00 
'51,00 
48,00 
68.00 
90,00 

>•/< 
P 
81 

f* 

% 
» 

For    further     information     send     for 
descriptive  bulletin  T-1735. 

YARWAY  GUN-PAKT  EXPANSION  JOINTS 


All-steel  welded  construction;  light  but 
strong.    Chromium  covered  sliding  sleeves. 


Cylinder  guide  and  stuffing  box  integral, 
assuring  perfect  alignment*  Internal 
limit  stops,  Gun-pakt  and  Gland-pakt 
types;  Gun-pakt  (illustrated)  fitted 
with  screw  guns  which  permit  insertion 
of  plastic  packing  while  joint  is  under 
pressure.  Sixes  2  in.  to  24  in.,  single 
end  or  double  end,  flanged  or  welding 
ends;  150,  300  and  40(1  Ib  pressures. 
For  additional  details  send  for  bulletin 
EJ-1907. 
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Anderson  Products,  Incorporated 

Cambridge,  Massachusetts 

Vent-Rite  Controlled  Venting  Radiator  Valves  .  .  .  Vent-Rite 
No.  66  Control  Valves  .  .  .  Vent-Rite  Balancer  .  .  .  Vent-Rite  Unit 
Heater  Valve.  Originators  of  "Balanced  Radiation  by  Controlled 
Venting,"  "The  Vent- Vac  Method"  and  "Vacuum  Limitation." 


VENT-RITE  RADIATOR  VALVES 

Vent-Rite  Controlled  Venting  Radiator  Valves  are  made  in 
a  wide  variety  of  types,  sizes,  outlets,  and  venting  capaci- 
ties. Both  Vacuum  and  Non-Vacuum.  All  are  noiseless 
in  operation,  positive  in  action,  close  thermostatically 
under  temperature.  They  may  be  taken  apart  for  examina- 
tion and  cleaning.  Venting  is  through  an  adequate 
straight-line  venting  orifice,  accurately  set  by  a  modulating 
adjustment  of  the  valve  pin.  The  adjustment,  being 
underneath,  is  not  readily  disturbed. 


VENT-RITE  CONTROL  VALVES 

Vent-Rite  Control  Valve  No.  66  is  the  heart  of  the  Vent- 
Vac  Method  of  steam  control  for  automatically-fired,  one- 
pipe  systems.  It  takes  the  place  of  a  main  line  vent,  limits- 
the  amount  of  vacuum  created  (see  below)  and  breaks  the 
vacuum  at  the  beginning  of  the  firing  period.  It  is  entirely 
mechanical.  With  the  No.  66  and  the  Vent- Vac  Method, 
a  system  is  "Vacuum"  between  Firing  periods,  "Non- 
Vacuum"  during  Firing,  combining  the  best  of  both 
systems,  assuring  "Balanced  Radiation." 


No.ee 


The  Vent-Rite  Line  includes  Nos.  1,  51,  3,  5,  5A  and  55  (Non-Vacuum);  2,  62,  4,  6, 
6A,  66,  68  and  the  Balancer  (Vacuum). 

VACUUM  LIMITATION 
Vacuum  has  always  been  right,  but  there  are  two  kinds  of  vacuum 

In  the  days  of  hand-tended  coal  furnaces,  vacuum  proved  its  value  in  making  use  of 
the  latent  heat  in  boilers,  by  reducing  the  boiling  point  of  the  boiler  water  as  vacuum 
increased.  Vacuum  can  still  be  used  effectively  for  that  purpose,  but  the  Vacuum  itself 
must  be  limited,  as  too  great  a  Vacuum  tends  to  inefficiency.  Vacuum  at  5  in.  and 
Vacuum  at  25  in.  are  very  different  in  characteristics. 

At  the  higher  Vacuum,  one  pound  of  steam  is  344  per  cent  bigger  in  volume,  and  there- 
fore the  Btu  content  of  each  cubic  foot  has  been  reduced  76  per  cent.  The  capacity  of 
the  system,  cannot  be  increased,  and  as  the  heat  value  of  each  cubic  foot  has  been  so 
reduced,  it  is  not  economical  to  transfer  this  steam  vapor  in  the  higher  Vacuum.  There- 
fore Vacuum  Limitation  to  a  degree  that  will  produce  the  transfer  of  a  satisfactory 
number  of  Btu's  per  cubic  foot  is  desirable. 

Vent-Rite  units  operating  under  the  Vent-Vac  Method  offer  proper  Vacuum  Limitation. 
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The  Dole  Valve  Company 


Main  Offices  and  Factory: 

Branch  Offices 
and  Representatives 


1901-1941  Carroll  Avenue,  Chicago,  111. 

~~  In  nil 

Principal  01  (Its 


Dole  No.  1A  Vari-Vent  Valve  is  desijjne/1  to  be  part:  of  a  room-thermosl at  -controlled 
oil,  gas  or  stoker  fired  gravity  steam  heating  system.  Veals  air  ext  ra  fast.  Permits  com- 
fortable heating  with  lower  and  more  economical  boiler  pressures,  On  systems  uaing  this 
valve  throughout,  all  radiators  are  heated  quickly  with  only  OUIICCH  of  pressure  rather 
than  the  usual  pounds. 

Also  BALANCES  distribution  of  heat;  to  radi- 
ators; gives  definite  straight-line  control  any  vent- 
ing speed  between  virtu- 
ally closed  and  wide  open. 
Large  and  distant  radia- 
tors heat  as  rapidly  as 
those  close  to  boiler, 
Tamper-proof  —  can  be 
set  and  locked.  Easily 
installed  on  any  cast 
iron  radiator.  Finished 
ijn  bright  chromium 
finish. 


No.  1A  V art-Vent  Valve 


No.  IB  Vari-Vent  Air  Valve  on  each  con  vector  for  BALANCING 
automatically  fired  gravity  steam  convector  installations. 

No-  1C  Quick  Vent  Float  Valve  for  mains  of  automatically  fired 
gravity  steam  installations. 

Valves  at  Right  (top  to  bottom) 

No.  3  Air  Valve  for  all  types  of  gravity  steam  installations 
operated  at  ^any  pressure  up  to  1 6  Ib.  Positive  seal  against  water. 

No.  3C  Air  Valve,  all  purpose  straight  type.  Particularly  recom- 
mended for  unit  heaters, 

No.  4  Quick  Vent  Valve,  for  mains  ending  18  in,  or  more  above 
boiler  water  line, 

No.  5  Quick  Vent  Valve.    Positive  seal  against  water, 

No.  2B  Vacuum  Valve  for  vacuumizing  gravity  steam  inatallal  ions. 
Valves  Below  (left  to  right) 

No.  14  Key  Valve  for  venting         No.  6B  Vacuum  Valve   for 


concealed  radiators  and  convec- 
tors  of  hot  water  heating  systems. 
No.  1933  Air  Valve.  Low  cost, 
high  quality  and  performance. 


quick  venting  main  of  vacuum- 
izecl  systems. 

No.  2B  Vari-Vent  Vacuum 
Valve  for  BALANCING  vacuum- 

ixecl  gravity  steam  installations. 


Write  the  Dole  Valve  Company  for  a  handy  Selector  Chart  which  indicates  the  Dole 
Air  or  Vacuum  Valve  most  suited  for  a  particular  need. 
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Jenkins  Bros. 

BRONZE  -  IRON  -  STEEL  VALVES 

Mechanical  Rubber  Goods 

80  WIIITK  ST.,  NKW  YORK,  N.  Y,;  624  ATLANTIC  ST.,  BOSTON,  MASS.;  370  SPRING  ST.,  N.  W,,  ATLANTA,  GA.: 
1M  N,  SKVKNTH  ST.,  PHILADELPHIA,  PA.;  1514  FULTON  ST.,  CHICAGO,  ILL.; 

1112  WALNUT  ST.,  HOUSTON,  TEX. 

BRIDGEPORT,  CONN.  (Office  and  Factory) 

JENKINS  BROS.,  LTD.:  LONDON,  W.C.  2;  MONTREAL,  QUK,,  (Works  and  Main  Office). 


IN  VALVES 


wMMMf 


0 

"  GIVES  YOU  EVERYTHING 


%.  70* 

Bronze  ^Regrind- 
ing  lowing  (Jheck 


Pig.  WG A 

Bronze,  (Hole, 

Renewable  (lamp.  Disc 


/''if/.  Q18 

Iron  Body 

Rcgrinding  Globe 


Fig.  870  Pip.  8*5  Fig.  6$4 

Bronze  data      Iron  Body  Gate      Iron  Body  Regrind- 
ing  Swing  Check 


OVER  500  DIFFERENT  JENKINS  VALVES 
COVER  EVERY  HEATING  AND  AIR  CONDITIONING  NEED 

To  adequately  describe  the  complete  Jenkins  line  of  valves  requires  a  Catalog 
of  more  than  300  pages.  There  are  over  500  different  types  and  patterns  of 
valves  that  bear  the  trusted  "Diamond"  trade  mark.  Practically  speaking, 
Jenkins  can  furnish  any  valve  that  you  may  require  for  plumbing,  heating, 
air  conditioning,  general  industrial  or  engineering  service. 


General  Classifications  of  Jenkins 
Valves  Include — Bronze  Valves  fitted 
with  Jenkins  renewable  composition  disc. 
Bronze  Regrind-Renew  Valves  with  bevel 
and  plug  type  seats.  Bronze  Gate  Valves. 
Iron  Body  Valves  fitted  with  Jenkins 
renewable  composition  disc.  Iron  Body 
Regrinding  Valves.  Iron  Body  Gate 
Valves  with  solid  wedge  and  double  disc 
parallel  seats.  All-Iron  Valves.  Cast 
Steel  Gate,  Globe  and  Swing  Check 


Valves.  Electrically  and  Hydraulically 
Operated  Valves.  Radiator  Valves.  Eire 
Line  Valves.  Quick-opening  and  Self- 
closing  Valves,  Needle  Valves,  Y  Valves, 
Solder-End  Valves,  Stainless  Steel  Valves. 
Other  Jenkins  Products  Are  — 
Colored  Valve  Wheels  with  or  without 
service  markings  molded  in  relief  letters. 
Composition  Valve  Discs  exactly  suited  to 
service  conditions.  Sheet  Packing.  Gas- 
kets. Moncrieff  Scotch  Gage  Glasses. 


JENKINS  VALVES  ARE  SOLD  BY  GOOD  SUPPLY  HOUSES  EVERYWHERE 
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The  American  Brass  Company 


Availability-— Anaconda  Copper  Tubes, 
in  all  standard  sizes,  are  carried  in  stock  by 
distributors  of  Anaconda  Pipe,  located  in 
the  principal  trading  areas  of  the  country. 
These  tubes,  in  sizes  up  to  and  including 
1M  in,  are  furnished  soft  in  30,  45  and  60-ft 
coils;  also  hard  and  soft  in  20-ft  straight 
lengths.  Sizes  over  1  J£  in.  are  furnished, 
hard  or  soft,  in  straight  lengths  only. 

ANACONDA  "85"  RED  BRASS  PIPE 

Anaconda  "85"  Red  Brass  Pipe,  in 
standard  pipe  sizes,  is  offered  as  the  highest 
quality  corrosion-resistant  pipe  commerci- 
ally obtainable  at  a  moderate  price  and  is 
recommended  for  steam  return  lines, 

Anaconda  "85"  Red  Brass  Pipe  contains 
85  per  cent  copper  and  conforms  to  govern- 
ment specifications  for  Grade  "A'Y  water 
pipe.  The  words  "Anaconda  85"  are 
stamped  in  the  metal  at  one-foot  intervals 
throughout  each  length. 

EVERDUR* 

For  many  years  the  efforts  of  metal- 
lurgists have  been  directed  to  finding  some 
element  or  elements  which,  when  added  to 
copper  would  alloy  with  it  to  produce  a 
metal  with  strength  approaching  that  of 
steel  and,  at  the  same  time,  retain  or 
augment  the  non-rusting  and  corrosion- 
resistant  properties  of  copper. 

The  addition  of  silicon  and  small 
amounts  of  other  elements  to  copper,  when 
their  proportions  are  properly  adjusted, 
produces  copper-rich  alloys  of  the  solid 
solution  type  which  attain  the  desired 
objective  to  a  remarkable  degree.  Copper- 
silicon  alloys,  made  and  sold  by  The 
American  Brass  Company  under  its  trade- 
mark "Everdur,"  were  the  first  com- 
mercial applications  of  copper  containing 
substantial  proportions  of  silicon,  and 
mark  a  decided  advance  in  the  metallurgy 
of  copper  alloys. 

In  addition  to  their  non-rusting  proper- 
ties and  high  strength,  Everdur  alloys 
possess  many  qualities  not  usually  found 
in  metals  of  this  character.  They  are 
unusually  resistant  to  general  atmospheric 
conditions  and  other  normally  corrosive 
factors,  Everdur  alloys  have  excellent 
machining  and  working  characteristics  and 
can  be  fabricated  into  a  variety  of  forms 
and  shapes.  They  also  weld  readily  by 
any  of  the  commercial  methods. 


*" Everdur"  is  a  trademark  of  The  American 
Brass  Company  registered  at  the  U,  S.  Patent 
Office. 


CORROSION  RESISTANCE 

The  corrosion  resistance  of  Everdur  is 
equal  to  that  of  pure  copper  and  in  some 
cases,  slightly  superior. 

However,  like  copper  and  all  copper 
alloys,  Everdur  is  not  equally  resistant  to 
all  corroding  agents,  nor  to  the  same  cor- 
roding agents  under  all  conditions.  As 
with  copper,  the  resistance  to  corrosion 
may  be  substantially  reduced  in  some 
instances  by  the  presence  of  oxidizing 
agents.  Nevertheless,  Everdur  does  offer 
excellent  resistance  to  the  corrosive  action 
of  many  solutions  and  atmospheres. 

Everdur  Tanks — Everdur  copper-sili- 
con alloy  is  an  ideal  material  for  durable, 
rustless  water  tanks  of  every  description — 
from  domestic  range  boilers  to  large  storage 
heaters  for  hotels,  laundries,  hospitals, 
textile  plants,  schools  or  breweries. 

Everdur  is  made  in  all  commercial  shapes 
including  tank  plates  which  have  physical 
properties  as  given  in  A.S.T.M.  Tentative 
Specification  B96-40T, 

Minimum  specification  requirements  for 
hot  rolled  and  annealed  tank  plates  are: 
Tensile  Strength,  50,000  psi.;  Yield 
Strength  (at  0.5  per  cent  elongation  under 
load)  18,000  psi.;  Elongation,  40  per  cent 
in  2  inches. 

Sound,  double  welded  butt  joints  made 
on  annealed  Everdur  tank  plates  have  a 
minimum  tensile  strength  of  47,000  psi. 
and  single  welded  butt  joints  have  a 
minimum  tensile  strength  of  42,500  psi. 
after  the  beads  have  been  removed. 

For  additional  data  and  names  of  fabri- 
cators address  our  nearest  office  or  agency. 

EVERDUR  FOR  AIR  CONDITIONING 
EQUIPMENT 

Because  of  its  strength  and  welding 
properties,  Everdur  may  be  substituted 
for  steel  and  fabricated  by  substantially 
the  same  methods  and  with  the  same 
equipment  as  steel. 

Everdur  metal  has  been  used  with 
marked  success  for  fans  and  blowers,  ducts, 
humidifiers,  cast  and  wrought  parts  of 
other  equipment  items  subject  to  corrosive 
influences. 

EVERDUR  LITERATURE 

Descriptive  literature  containing  much 
pertinent  tabular  data  will  be  sent  upon 
request. 
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Heating  System® 


Arthur  Harris  &  Co. 

210-218  N.  Aberdeen  (formerly  Curtis)  Street 


Chicago,  III. 


ENGINEERS  —  FABRICATORS    OP     NON- 
FERROUS  METALS  AND  STAINLESS  STEEL 


Metals  Fabricated—Aluminum,  Block  Tin,  Brawn,  Bron/c,  Copper,  Kverdur,  Monel, 
Nickel,  Inconel,  Stainless  Steel  and  KA*2  SMC),    Bulletin  on  reque«t, 


Coils 

For  heating,  cooling  and  condens- 
ing. All  shapes  made  from  any  size 
pipe  or  tube — standard  or  special 
connections,  of  copper,  brass,  alumi- 
num, stainless  steel,  KA2  SMC), 
monel,  inconel,  nickel,  block  tin, 
and  Evcrdur, 


Metal  Floats 


i 


Column 


Flat  Cylindrical  Cylhtttrintl  t'ylimhiftil 

Made  of  copper,  plain  steel,  stainless  steel,  KA2  SMO,  aluminum,  brawn,  Mond,  pure 
nickel,  Admiralty  and  Kvenlur,  for  open  tank  and  all  prenBuren. 

Seamless  copper  ball  floats  carried  in  Block  in  diameter*  of  Jl  in,,  4  in,,  5  in.,  (\  in,,  7  in., 
8  in.,  10  in,,  12  in.  for  open  tank  and  prcHHurca  of  25,  50,  100  and  150  th.  Floats  in 
special  sixes  and  pressures  made  to  order,  StainleHH  aleel  ball  floaln  21  -j  in,  to  12  in,  for 
high  pressure  and  corrosion  carried  in  stock  special  stainless  Hied  floalH  made  to  order 
--stainless  steel  ball  floats  larger  than  12  in.  diameter  can  be  made  up  Hpecially,  Float 
catalog  sent  on  request. 

Copper  Expansion  Joints 


B-280  Convex 


B-XOO  Convex 


For  low   presHiire  and   vacuum. 
Made   in   two  Htylctf    convex  and 
\  concave,   Si/CH  4  in.  to  00  in.  diame- 
1  ter,     Caat    iron    or   Htccl    flanges, 
Flanges  drilled  to  American  stand- 
ard unlenfl  otherwise  ordered:  B-290 
available  only  in  sixes  4  in.  to  15  in. 
inclusive. 


Bends 


n  A 


•™*  i  >  f 

We  make  bends  in  every  shape  from  all  sixes  of  copper  water  tube,  pipe  and  tubing  in 
copper,  ^brass,  aluminum,  stainless  steel,  monel,  tin  and  nickel.  Standard  or  special 
connections.  U-bends  for  storage  water  heaters.  " 

Also  special  pipe  work  for  industrial  installations,  plumbing,  heating  and  brewing- 
Perforated  pipe,  double  pipe  coolers,  etc. 

Non-Ferrous  Castings-"  Dairy  white"  nickel  silver  for  Process  Industries  K<iuip- 
n r«a n?Kfor  ?lllk  ?n,d  f.ood  Proclucts  machinery.  Castings  also  of  88*10-2 
o,  85-5-5-5  and  special  mixtures.  Many  patterns  available  without  charge. 
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Wolverine  Tube  Company 

1411  Central  Avenue,  Detroit,  Michigan 

SEAMLESS  TUBE 
COPPER  -  BRASS  -  ALUMINUM 


Sales  Offices: 


,...542  Spring  Street 


ATLANTA,  GA 

*BALTIMORK,  MD. — 121  S.  Gay  Street 

*BOSTON  (Cambridge),  MASS 195  Albany  Street 

BUFFALO,  N.  Y 416  Jackson  Bldg. 

*CniCAOO,  ILL 1032  W.  Lake  Street 

^CHICAGO,  ILL 3348  S.  Pulaski  Road 

CLEVELAND,  OHIO 1740  East  12th  Street 

^DALLAS,  TEXAS 2813  Canton  Street 

DAYTON,  OHIO Route  No.  9 

DENVKR,  COLO 1210  California  Street 

*LONG  ISLAND  CITY,  N.  Y 47-31  31st  Place 

*Los  ANGKLES,  CALIF 1015  East  16th  Street 

LOUISVILLE,  KY 125  South  5th  Street 

MILWAUKEE,  Wis 047  W,  Virginia  Street 


^MINNEAPOLIS,  MINN 100  North  2nd  Street 

*NEWARK,  N.  J 34  Providence  Street 

NEW  YORK,  N.  Y 420  Lexington  Avenue 

"•PHILADELPHIA,  PA 351  North  7th  Street 

^PITTSBURGH,  PA 1000  California  Ave.,  N.S. 

*PORTLAND,  ORE 524  N.W.  14th  Avenue 

*TULSA,  OKLA 716  S.  Troost  Street 

ST.  Louis,  Mo 4665  McRee  Avenue 

SAN  FRANCISCO,  CALIF 7  Front  Street 

SEATTLE,  WASH 1005  E.  Pike  Street 

WASHINGTON,  D.  C 1108  16th  Street 

WINNIPEG,  MAN 80  Lombard  Street 

EXPORT:  ROCKE  INTERNATIONAL  ELECTRIC  CORP., 
100  Varick  Street,  New  York,  N.  Y. 


*Warchouae  Stock. 


WOLVERINE  COPPER  WATER  TUBE 

Type  M 

Suitable  for  Air  Conditioning  and  Re- 
frigeration installations  and  for  interior 
plumbing  and  heating  purposes. 

Furnished  only  in  hard  temper — straight 
20  ft  lengths. 

Wolverine  Water  Tube  is  made  accord- 
ing to  U.  S.  Government  and  A.S.T.M. 
specifications.  For  a  complete  list  of  this 
data,  write  Detroit  for  Form  575. 


WROUGHT  FITTINGS 

Wolverine-Nibco  Solder  Fittings  are  of 
the  straight-line  design — ends  not  ex- 
panded. They  make  stronger,  neater 
joints  more  quickly;  give  trouble-free 
service,  and  longer  life.  A  complete  range 
of  sizes  is  available.  Write  to  Detroit  or 
your  nearest  warehouse  for  Catalog  C. 


TypeK 

Recommended  for  Air  Conditioning, 
Refrigeration,  Oil  Burner,  and  Plumbing 
and  Heating  installations,  Also  for  Gas, 
Steam,  Oil  Lines,  and  industrial  uses. 
This  is  the  heaviest  of  the  three  types  and 
is  best  for  underground  use. 

TypeL 

For  Oil  Burner,  Air  Conditioning,  Re- 
frigeration, and  general  plumbing  uses. 

Types  K  and  L  furnished  in  hard  or 
soft  temper  in  straight  20  ft  lengths;  soft 
temper  in  30,  45,  60  ft  coils,  longer  on 
special  order. 

The  experience  of  25  years  of  seamless  tube  manufacture,  the  use  of  the  latest 
equipment,  and  adherence  to  Government  and  customer  specifications,  are 
responsible  for  the  uniform,  high  quality  of  Wolverine  products. 

Immediate  Shipment  From  Large  Stocks 
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In  the  four  preceding  sub-divisions  of  this 
Catalog  Data  Section,  equipment  used  in  heat- 
ing, ventilating  and  air  conditioning  service  is 
illustrated  and  described. 

The  sizes  and  capacities  of  such  equipment 
required  to  obtain  specific  results  are  directly 
affected  by  the  characteristics  of  materials  used 
in  building  construction  and  for  insulating 
exposed  surfaces  of  the  apparatus  itself.  Be- 
cause  of  their  influence  upon  the  efficiency 
of  equipment,  selection  and  application  of 
these  materials  requires  careful  study. 

In  Chapter  3,  of  the  Technical  Data  Section, 
the  physical  properties  of  commonly  used 
building  materials  and  types  of  insulating  ma- 
terials are  tabulated.  From  the  data  given  in 
these  tabulations  their  value  and  suitability 
for  specific  uses  may  be  calculated, 

The  following  sub- division  Insulation  gives 
manufacturers  data  on  many  types  of  insu- 
lating materials  used  in  modern  construction. 
These  data,  used  in  conjunction  with  engineer- 
ing data  given  in  Chapter  3,  will  enable 
engineers  to  determine  the  materials  most 
suitable  for  a  specific  purpose,  and  the  method 
of  application  which  will  give  best  results* 


INSULATION 

• 

Many  different  materials  are  used  for  insulating  purposes— in  their  natural 
state  or  processed  and  fabricated  into  various  forms.  They  include:  Vege- 
table fibers,  wood,  tree  bark,  cork — processed  into  wools  or  other  fibrous 
forms,  and  used  in  loose  bulk  or  fabricated  into  boards,  paper,  blankets  or 
batts.  Natural  wools,  jute,  hair— felted  into  blankets,  pads,  mats,  etc.,  or 
used  in  loose  bulk  forms.  Glass  in  block,  sheet,  or  wool  forms. 

Mineral  products  such  as  natural  rocks  and  furnace  slags — processed  into 
granulated  form,  or  into  wool  form  and  used  in  loose  bulk  or  fabricated  into 
blankets,  batts,  or  pads;  and  asbestos,  asphalt,  gypsum  and  magnesia— used 
in  board  form,  blankets,  felts,  or  in  loose  bulk.  Many  of  these  types  of 
insulation  are  also  used  in  plastic  form.  Metallic  insulation,  such  as  aluminum 
and  steel  are  fabricated  into  sheet  form  and  used  separately  or  in  conjunction 
with  other  insulating  materials. 

INSULATION,  Window  (p.  1048-1053) 

Single-pane  and  double-pane  insulating  window  sash,  metal  fabric  insulating  window 
screens,  weather  stripping  for  windows  and  for  interior  and  exterior  doors. 

INSULATION,  Building  (p.  1054-1084) 

Aluminum  sheets,  paper  in  sheets  and  fabricated  forms,  felts,  cork,  glass,  glass  and 
rock  wools,  cane  fibre  boards,  wood  products  in  board  form  and  fibrous  blankets  and 
pads,  or  used  in  loose  fibre  form — all  are  utilized  as  insulation  against  heat  or  cold. 

Technical  data  on  this  type  of  insulation  will  be  found  in  Chapter  3. 

Insulating  materials,  in  board  or  slab  form  are  adapted  for  use  in  walls  as  a  plastic 
base,  and  thus  serve  as  both  a  heat  or  cold  insulation  and  a  fire-retarding  material. 

INSULATION,  Sound  Deadening  (p.  1054-1084) 

Many  of  the  insulating  materials  utilized  in  building  construction  are  also  suitable 
for  sound  deadening  or  acoustical  control.  Some  of  them  are  also  adapted  for  use 
on  machinery  and  in  building  to  counteract  or  absorb  vibration. 

Technical  data  on  Sound  Control  will  be  found  in  Chapter  32. 

INSULATION,  Underground  (p.  1056,  1057,  1065) 

Asbestos,  asphalt,  mineral  wools,  magnesia — used  in  conjunction  with  underground 
piping  and  conduits  of  concrete,  tile  or  cast  iron. 
Technical  data  is  contained  in  Chapter  42. 

INSULATION,  Pipes  and  Surfaces  (p.  1060-1084) 

Asbestos,  magnesia,  and  mineral  wools  in  loose  fibrous  forms,  blankets,  or  in  plastic 
forms  and  suitable  for  use  in  extremes  of  high  or  low  temperature  service;  also  hair 
and  felts,  and  cork  in  loose  bulk  or  in  molded  or  plastic  forms. 

Technical  data  will  be  found  in  Chapter  42. 

Some  of  these  insulating  materials  are  also  used  as  refractory  materials. 

INSULATION,  Duct  (p.  1054-1084) 

Various  of  the  insulating  materials  which  may  be  fabricated  into  board  or  slab  forms, 
and  various  felts  and  fibrous  materials  have  been  adapted  for  use  as  duct  insulation— 
as  a  duct  liner  or  applied  to  the  outer  surfaces.  Some  have  been  utilized  to  construct 
the  walls  of  the  duct  itself,  serving  the  dual  purpose  of  duct  and  insulation. 

Technical  data  is  contained  in  Chapter  42. 

Manufacturer's  products  shown  In  this  division  are  designed  for  specific  applications. 
Consult  the  Index  to  Modern  Equipment  for  additional  products  of  these  manufacturers. 
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Insulation  •  %$$£?, 


Chamberlin  Metal  Weather  Strip  Co.,  Inc. 


General  Offices,  Detroit,  Mich. 


Factories,  Detroit,  Mich*,  Peru,  III. 


pical  Chambttrtitt  t  mutation  unit,    Rqutpptd  with 


jtcting  granular  gfatt«  "A""  rttrk  tt'rwf  tt  minimum  dis- 
tanu  tymwf  than  IW  //  ikrnugh  a  largf  rubber  fw,u» 


At  right  +-~n 


GHAMBERL1N  HEAT-SAVING  PRODUCTS 
Weather  Strips,  Calking,  In-Dor-Seals,  Insulation  and  In*ulate»Windows, 

Rock  Wool  Insulation 

Having  an  average  conductance  coef- 
ficient of  0.24  to  0,27  Btu,  Chamberlin 
Rock  Wool  is  one  of  the  most  efficient 
insulations  available  today.  Long  in  fibre 
and  clean  of  ''shot",  it  insures  effective 
insulation  with  low  density  and  light 
weight,  It  is  available  in  several  forms 
adaptable  to  both  new  and  existing  con- 
struction—in blowing,  commercial  or  loose 
wool  fibres;  in  wall-thick  or  2  in,  thick 
batts,  with  or  without  vapor-proofing 
coverings.  Among  its  physical  properties 
Chamberlin  Rock  Wool  averages  38  per 
cent  silica,  32  per  cent  lime  and  only 
0.04  per  cent  sulphur.  Its  loss  on  ignition 
is  less  than  O.I  percent.  Wherever  pos- 
sible pneumatic  application,  by  means  of 
such  modern  high-powered  and  efficient 
transient  units  as  illustrated,  is  preferable. 
Here  again,  the  engineer  will  do  well  to 
consider  the  value  of  faithful,  responsible 
performance  in  the  art  of  application-  - 
the  hidden  factor  that  means  so  much  in 
obtaining  the  utmost  efficiency  from  insu- 
lation. 

Insulate- Windows  (metal  Storm  Sash) 

In  addition  to  other  major  heat  loss 
controls,  Chamberlin  has  developed  a  pro- 
duct that  reduces  40  to  60  per  cent  of  the 
heat  loss  of  glass  in  standard  window  con- 
struction. 

Thousands  of  Chamberlin  Insulate- 
Window  (registered  tradename)  units  have 
been  applied  to  wood  and  metal  windows 
in  existing  buildings,  including  offices, 
banks,  residences,  etc. ;  they  are  not  double 
glazed  units.  They  are  single  glazed  and 
custom  made  to  supplement  existing  win- 
dows of  practically  any  type.  Depending 
upon  characteristics  of  the  areas  and  sash 
to  be  "insulated,"  Insulate- Windows  are 
hinged,  stationary  or  sliding.  They  are 
framed  with  a  patented  rolled  section  of 
antique-finished,  cold-rolled  bronze  em- 
bodying ingenious  features  of  mechanical 
glazing  m  place  of  putty.  Chamberlin 
"insulation"  of  windows  is  a  high  grade, 
mechanical  service  involving  design  and 
installation  of  durable,  secondary  window 
units,  readily  accessible  for  cleaning  and 
removal  when  necessary — no  interference 
with  sash  operation  or  ventilation.  Insu- 
late-Windows  provide  a  year  'round  heat 
stop  that  gives  practical  relief  without  the 
technical  difficulties  involved  in  double- 
glazed  windows. 


mtt&l 
easement  windmvs, 
Ch&mbtrtin  Insu- 

late -  Windows    on 
outsidf, 


:rrr 


T~"~  I  -  1 


r--T--r-T--r 


A  battery  of  Insul&te-Windaws  showing  h<w  they  can 
be  hinged,  All  jive  units  can  be  unlatched  from  within 
the  room  by  simply  opening  the  two  (Mnement  ventilators. 
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Chamberlin  Metal  Weather  Strip  Co.,  Inc. 

General  Offices,  Detroit,  Mich.  Factories,  Detroit,  Mich.,  Peru,  III. 

ATLANTA,  GA,  Factory  Sales— Installation  Branches 

BALTIMORE,  Mi>.  DENVER,  COLORADO  MILWAUKEE,  Wis 

BOSTON,  MASS  DETROIT,  MICH.  MINNEAPOLIS,  MINN. 

BtWALo,  N.  \.  INDIANAPOLIS,  IND,  NEWARK  N  J 

CHICAGO,  ILL  KANSAS  CITY,  Mo.  NEW  HAVEN,  CONN. 

CINCINNATI,  Onto  Los  ANGELES,  CAL.  NEW  YORK  N  Y 

CLEVELAND,  Omo  LOUISVILLE,  KY.  PHILADELPHIA,  PA. 

DALLAS,  I  BXAS  MEMPHIS,  TENN.  PITTSBURGH  PA 


PORTLAND,  ORE. 
PROVIDENCE,  R.  I. 
RALEIGH,  N.  C. 
ST.  Louis,  Mo. 
SAN  FRANCISCO,  CAL. 
SCHENECTADY,  N.  Y. 
WASHINGTON,  D.  C. 


Oldest  and  most  extensively  successful 
weather  strip  principle — tongue  in  groove. 
80  to  05  per  cent  efficient.  No  failure  or 
upkeep. 


CHAMBERLIN  HEAT-SAVING  PRODUCTS 
Weather  Strips,  Calking,  In-Dor-Seals,  Insulation  and  Insulate-Windows. 

Weather  Strips 

Modern  weather  strip  service,  in  which 
engineers  and  architects  can  have  greatest 
reliance,  is  one  that  can  responsibly  fulfill 
conditions  of  a  contract.  For  problems  of 
infiltration  or  circulation  of  air,  gases  or 
mixtures,  leakage  of  rain,  filtration  of 
dust,  sand  or  soot—there's  a  Chamberlin 
Weather  Strip  remedy  regardless  of  cli- 
matic or  construction  conditions.  Particu- 
larly helpful  to  the  engineer  is  the  know- 
ledge that  the  job  can  be  entrusted, 
regardless  of  location,  to  a  Chamberlin 
Factory  Branch  employing  experienced 
mechanics. 

Modern  problems  of  heating,  venti- 
lating and  air  conditioning  can  be  ap- 
proached with  utmost  confidence  in  this 
field  with  the  aid  of  Chamberlin's  proven 
47  years  of  experience  and  specialized 
training.  Write  for  A. I. A.  catalog  of 
standard  details  and  specifications.  Con- 
sult nearest  branch  for  equipments,  sur- 
veys, quotations. 

Calking 

Chamberlin  Plasti-Calk  is  essential  in 
the  sealing  of  construction  joints  in  wood, 
metal,  glass,  stone,  tile,  concrete  and  brick. 
It  is  waterproof,  permanently  elastic,  non- 
staining  and  noncorrosive.  It  provides 
durable  adhesion  and  will  not  sag,  pucker, 
or  shrink  under  extremes  of  heat  or  cold, 
dryness  or  moisture.  Chamberlin  Plasti- 
Calk  is  specially  prepared  with  porous 
pigments  capable  of  retaining  oil  indefi- 
nitely, and  does  not  contain  tar  or  asphalt. 
Supplied  in  various  colors.  It  is  all  impor- 
tant that  a  calking  compound  be  specified 
thoroughly  on  the  basis  of  stringent  physi- 
cal properties.  Such  specifications  will  be 
furnished  upon  request. 

Automatic  Door  Bottoms 

In-Dor-Seals  eliminate  under-door  drafts 
and  heat  losses  in  rooms  adjacent  to  cold 
areas,  corridors  and  halls — as  in  a  sleeping 
room  door — virtually  an  "outside"  door 
at  night  when  windows  are  open.  They 
are  used  to  light-proof  X-Ray  and  dark 
rooms;  to  sound-proof  private  offices, 
studios,  laboratories;  to  resist  room-to- 
room  circulation  of  oclors,  fumes  and  dust. 


Calking  applied  with  hand  tools,  hand  or 
power  sun, 


Crack  closed  when 
door  is  latched. 


\Fdt  Strip 
|  —  aut o- 
matically 
raised  the  instant  door  opens. 
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Ingersoll  Steel  &  Disc  Division 

Borg-Warner  Corporation 
310  So.  Michigan  AveM  Chicago,  Illinois      mmribmom  i«  th*  principal  <; 


KOQLSHADE 

"It's  cooler  in  the  shade!"    £tMt  &C%££W 


A  Metal  Fabric  That  Reduces 
the  Solar  Load  Through 

Windows  «»  much  as  80  to 
85  Per  Cent. 


KOOLSHADE    Sun 

Screen  has  had  such  ready 
acceptance  amonp  Air 
Conditioning  Engineers 
because  it  offers  high  ef- 
ficiency in  cutting  down 
the  Solar  Load  without 
shutting  oil  light  or  vision. 
Its  advantages  are:  (1) 
Lowers  the  cost  of  cooling 
equipment  necessary  by 
stopping  80  to  85  per  cent 
of  the  oolar  heat  outside 
the  window  glass.  (2) 
Saves  in  operating  cost-- 
as much  as  25  to  50  per 
cent,  where  there  are  large 
windows,  (3)  Reduces 
the  need  for  zoning  for  sun 
effect.  (4)  Forestalls  com- 
plaints due  to  extreme  sun 
heat.  (6)  Maintains  lower 
temperatures  in  non- 
cooled  rooms. 


no  direct  sun  eomtfft  in 
but  ample  UghL 


1,1  barn    tittd  slit/wit 

jww  tltt  AKJI 

rayn  nlw&Ht  into 

thu  rtktttt. 


Actual   photo  of  KOOLSHADE   installed. 
Stops  direct  Sun  Heat  .  .  .  kills  Sun  Glare 
.  .  with  abundant  light  and  clear  vision  .  .  , 
yet  it  is  practically  invisible! 


Automatic  Sun  Shade,  KOOLSIIADK  is 
always  in  position  . . ,  functions  automatically  . .  * 

protects  most  when  most  needed,  The  flat  hori- 
zontal wires,  held  at  a  FIXED  angle  of  17  cleg, 
fully  stop  direct  heat  rays  when  the  sun  Is  38 J4 
cleg  or  more  above  the  horizon --the  heat  of  the 
clay  in  all  seasons.  Needs  no  adjustment  or 
human  attention. 

Light  and  Vision,  KOOLSHADE  gives  sun- 
exposure  rooms  the  effect  of  cool  "north" 
light,  free  from  glare.  Vision  from  within  is 
superior  to  that  through  windows  with  18-mesh 
fly  screen. 

Attractive  Appearance.  Makes  the  window 
look  smart,  and  does  not  mar  the  outside  appear- 
ance of  the  building. 
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Insulation  •  Screens 


Economy.  KOOLSHADE  is  strong, 
tough  and  should  last  for  many  years. 
Maintenance  cost  is  negligible  and  first 
cost  is  low. 

Other  Advantages  include  full  insect 
protection,  free  ventilation,  reduction  of 
fading  of  fabrics  and  fire-safety. 

Specifications  of  Fabric.  Made  of 
fine  quality  bronze,  with  17  horizontal 
wires  per  in.  and  vertical  wires  spaced 
Yi  in.  apart.  Supplied  in  widths  up  to 
72  in, 

Framing  and  Installation.  Framed 
and  installed  like  ordinary  insect  screens. 
Frames  may  be  either  wood  or  metal — 
always  full  length  and  always  outside  the 
window  glass.  Re- wiring  of  present  screen 
frames  is  entirely  practical. 

Where  to  Buy.  Authorized  KOOL- 
SHADE distributors  and  dealers  in  all 


principal  cities  offer  adequate  facilities  to 
assure  correct  frame  design  and  proper 
installation, 

Technical  Proof  of  Performance. 
Reports  of  Tests  and  Calculations  by  the 
Pittsburgh  Testing  Laboratories  provide 
ample  evidence  as  to  the  performance  of 
KOOLSHADE.  A  full  copy  of  this  report 
(from  which  one  table  is  reproduced  below) 
will  be  sent  upon  request  for  Brochure 
HG102. 

For  Full  Literature  and  information, 
write  for  our  Booklet  HG101  entitled 
"KOOLSHADE  SUN  CONDITIONING," 


Framed  and 
Installed  like 
ordinary  fly 
screen  —  and 
keeps  out  in- 
sects, loo, 


SOLAR  RADIATION  TRANSMITTiD  THROUGH  SHADED  WINDOWS 


Awnings  in  Use  Outside  Venetian  Inside  Venetian 

Sun  Load  Mind  or  Shutter  Blind 

n  Per  Cent  to  Sun  Load  Run  Load 

88  Per  Cent  M  Per  Cent  58%  or  more 


Half-Drawn 

Shade 
Sun  Load 
68%  or  more 


KOOLSHADE 
SUN  LOAD  19  PER  CENT 


DATA  FROM  PITTSBURGH  TESTING  LABORATORY 
FROM  CALCULATIONS  BASED  ON  ACTUAL  TESTS 

Solar  Radiation  Transmitted  Through  Windows 
Equipped  with  KOOLSHADE  Sun  Screen 
For  40  deg.  latitude,  On  July  21st  AU  figures  given  represent  B.t.u.  per  sq.  ft.  per  hour. 

yTIME*- 

SOLAR  RADIATION 

NE 

EAST 

SE 

SOUTH 

6AM 

Intensity  Incident  to  Vertical  Surface       (1) 

72 

80 

40 

6PM 

Transmitted  thru  Window  with  KOOLSHADE  (2) 

33 

38.5 

13 

7AM 

Intensity  Incident  to  Vertical  Surface 

143 

180 

112 

5PM 

Transmitted  thru  Window  with  KOOLSHADE 

38.5 

60.5 

22 

SAM 

Intensity  Incident  to  Vertical  Surface 

143 

211 

155 

8 

4PM 

Transmitted  thru  Window  with  KOOLSHADE 

17 

42.5 

20.5 

0 

9AM 

Intensity  Incident  to  Vertical  Surface 

104 

192 

168 
17 

46 
2 

3PM 

Transmitted  thru  Window  with  KOOLSHADE 

8 

22 

10AM 

Intensity  Incident  to  Vertical  Surface 

46 

143 

156 

77 

4"" 

2PM 

"transmitted  thru  Window  with  KOOLSHADE 

1.5 

11,5 

13 

11AM 

Intensity  Incident  to  Vertical  Surface 

75 

121 

95 

1PM 

Transmitted  thru  Window  with  KOOLSHADE 

3.5 

8.5 

5.5 

12  M 

Intensity  Incident  to  Vertical  Surface 

73 

103 

12  M 

Transmitted^  thru  Window  with  KOOLSHADE 

3.5 

6 

NW 

WEST 

SW 

SOUTH 

-<TIMEA 

(I)  Data  from  the  A.S.II.V.E.  Guide  1940. 
(2)  Figures  represent  Solar  Heat  Gain  in  EXCESS  of  heat  gain  by  conduction  through  window  <lu88. 
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Libbey-Owens-Ford  Glass  Company 

Toledo,  Ohio 
WINDOW  CONDITIONING  WITH  DOUBLE  GLAZING 


Window  conditioning  (storm  sash)  will 
save  approximately  23  per  cent  of  the  fuel 
used  in  the  typical  uninsulated  suburban 
residence,  according  to  the  results  of  a 
study  of  five  representative  types  of  houses. 
These  calculations  (see  table  on  this  page) 
were  based  on  the  use  of  outside  storm 
sash  and  storm  doors  or  the  equivalent  use 
of  modern  weather  stripped  casement 
windows  with  prefit  window  conditioning 
panels. 

If  these  houses  also  had  ceiling  insula- 
tion (in  addition  to  double  glazing),  the 
total  savings  in  heating  costs  would  be  40 
to  47  per  cent  as  compared  with  an  un- 
protected house. 


Window  conditioning  does  more  than 
merely  cut  down  fuel  bills,  it  helps  to 
eliminate  cold  drafts  and  reduces  to  a 
minimum  the  possibility  of  fogging  on 
windows.  It  is  essential  to  satisfactory 
winter  air  conditioning  with  its  higher 
healthful  humidity.  Window  conditioning, 
double  glass  insulation,  keeps  the  inner 
pane  of  glass  comparatively  warm  even 
though  the  outer  pane  may  be  as  cold  as 
the  outdoor  air.  This  reduces  condensa- 
tion on  the  inner  pane  of  glass  to  a  minimum. 

There  are  many  forms  of  prefabricated, 
double-glared  windows  available  in  both 
wood  and  steel  sash,  including  double  hung, 
casement,  and  horizontal  gliding  types. 


FUEL  SAVINGS  AND   COMPARATIVE  HEATING   COSTS 

FIVE  TYPES  OF  HOMES  WITH  AND  WITHOUT  WINDOW  CONDITIONING  AND  ATTIC  INSULATION 


1488.5  »q.  ft. 


2447.7 


770  sq.ft. 


1634 


1143  sq.fl. 


1332 


995  iq.ft. 


540.3 


326 


590.4  lin. ' 


389  lin.' 


J§L 


1197.5"  " 
285  ."_' 


782  sq. ». 


JBL 


422  lin." 


365  I 


280.8" 


436  lin." 


None 


782  tq.* 


H**llni  <Ml  If  iUk  li 


$315.50 


254.50 


$190.60 


241.25 


159.50 


$211.00 


T40T 


164.70 


$173.80 


133.90 


$178.50 


146.90 


159.50 


137.00 


lo«ln|t  with  both        TOTAL 


Hnllnl  *MI  II  •«!«  It 

Hnllni  «Ml  with  window 
«ondlll«nln| 


tivlnu  du.  I.  window  Condi- 


Imlnn  du«  l«  imuldion  1«/,M 
minimum  wool  In  iMIe  n*or 


INUIUTMM  CM.eULATlON» 
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OWENS-ILLINOIS 


Owens-Illinois 
Glass  Company 

INSULUX  PRODUCTS  DIVISION 
Toledo,  Ohio 

I)*«U*rn  In  All  Prlnclpttl  <!ltU«n 


Insulux  Glass  Block  Give  Better 
Control  of  Interior  Conditions 

Insulux  Glass  Block  are  hollow,  partially  evacuate*  1 
block,  3%  inches  thick,  with  nbbcd  or  patterned 
walls.  Laid  up  in  mortar  in  solid  pancla,  they  form 
a  light-transmitting  area  that  also  offera  high  inau- 
lation  value.  Proper  use  of  Insulux  Glass  Block 
results  in  better  control  of  interior  conditions,  and 
therefore  greater  efficiency  and  lower  initial  and 
operating  costs  for  cooling  and  heating  planta. 


Better  Insulation 

The  cross-section  drawing  above  shows 
why  Insulux  Glass  Block  panels  give  higher 
insulation  than  ordinary  light-transmitting 
areas,  The  glass  block,  partially  evacuated 
and  with  thick  faces,  lower  the  con- 
ductivity and  solar  heat  transmission  of 
the  light-transmitting  area.  Air  infiltra- 
tion jis  eliminated.  The  better  insulation 
provided  by  Insulux  is  a  factor  in  planning 
air  conditioning  and  heating  equipment 
and  operating  costs. 


Lower  Heat  Tritnamitision 


on  comluctivity  of  Inmilux  (\\trn 
Block  Hluiw  that  tlu*  hwtt  tramtmiftriion  of 
Insulux  IB  approximately  the  name  an  for  st 

concrete  wall  \i\  tnrtwii  thick  or  u  brick 
wall  H  inchew  thick.  Thin  tt*nt  data  in 
available  for  iiwpcrtiott  by 


Reduction  of  Solar  Heat 

In  a  comparative  tent  of  nolar  h«*at  trann- 

injaeion,  a  «ingU*  Kla^ed  »twl  wmh  trai»H» 
mitted  94  per  cent  inorr  hwit  than  an 
Insulux  panel,  AH  with  Himh,  however, 
Insulux  panels  tranmuit  1««  iwilar  heul  if* 
properly  oriented  and  well  nhu<U*u*.  There 
is  variation  in  the  tsolur  heat  tnuwmi»akm 
of  different1  <lenignis  of  hwulux  data  will 
be  furnished  on  request, 


Designs,  Sizes,  Erection 

There  are  8  designs  of  Iimulux  for  both 
residential  uml  indu»trial  urn*,  I) lock 
available  in  three  aixes*  Panels  are  eawily 
and  quickly  erected  l>y  bricklayer.  We 
will  t  gladly  supply  any  technical  infor- 
mation and  advice  on  inutullatioiiB  on 
request. 
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Pittsburgh  Corning  Corporation 

Grant  Building,  Pittsburgh,  Pa. 

Distribution  through  Pittsburgh  Plate  Glass  Company  warehouses  in 
principal  cities  and  by  the  W.  P.  Fuller  Company  on  the  West  Coast. 


[jj~|  Glass  Blocks  allow  the  economical 
l£  use  of  large  glass  areas,  reduce  heat 
' — '  loss  in  cold  weather  and  materially 
aid  air-conditioning.  This  is  because  each 
PC  Glass  Block  contains  a  scaled-in  dead- 
air  space  that  is  an  effective  retardant  to 
heat  transfer, 

Thermal  Insulation 

Tests  run  by  nationally  recognized  labora- 
tories have  established  the  value  of  glass 
blocks  for  insulation  of  light-transmitting 
areas.  These  tests  have  proved  that  with 
glass  block  panels,  heat  loss  is  slightly  less 
than  half  that  experienced  with  single- 
glazed  windows.  In  computing  heat  losses 
through  panels  for  most  design  purposes, 
it  is  recommended  that  a  "U"  value  of 
0.46  to  0,49  be  used  for  all  block  sixes  and 
face  patterns.  For  complete  data  on  heat 
transfer  values  see  the  section  on  heat 
transfer  elsewhere  in  this  Guide — page  97. 

Surface  Condensation 

Due  to  high  insulating  value,  condensation 
will  not  start  forming  on  the  room  side  of 
glass  block  panels  until  outside  air  has 
reached  a  temperature  much  lower  than 
that  necessary  to  produce  condensation ton 
single-glared  windows,  The  accompanying 
chart  shows  at  what  temperatures  con- 
densation will  form. 

Outdoor   temperature  required  to  produce 

condensation  on  the  room  side  surface  of 

PC  Class  Block  panels. 


For  example,  with  inside  air  at  70  F  and 
relative  humidity  at  40  per  cent,  condensa- 
tion will  not  begin  to  form  on  the  interior 
surfaces  of  a  glass  block  panel  until  an  out- 
door temperature  of  —14  deg  is  reached. 


Under  similar  conditions  with  single-glazed 
sash,  moisture  will  begin  to  form  when  the 
outdoor  temperature  reaches  +33  F. 

Solar  Heat  Gain 

The  use  of  glass  blocks  for  light-trans- 
mitting areas  results  in  a  marked  reduction 
in  total  solar  heat  gain  as  compared  with 
ordinary  windows.  This  factor  is  of  con- 
siderable advantage  in  buildings  that  are 
properly  air  conditioned,  but  does  not 
eliminate  the  need  for  adequate  ventilation 
or  shading  in  non-air-conditioned  rooms. 

For  data  on  solar  heat  gain  through  glass 
blocks  see  the  table  in  the  solar  radiation 
section  of  this  Guide — page  135.  This 
table  is  for  standard  pattern  glass  blocks. 
Where  LX-75  blocks  (with  Fiberglas  screen 
insert)  are  used,  these  figures  may  be  re- 
duced approximately  40  per  cent. 

PC  Glass  Blocks  Aid 
Air- Conditioning 

The  three  chief  aims  of  air-conditioning — 
temperature  control,  humidity  control  and 
cleansing  of  air  are  all  aided  by  the  use  of 
PC  Glass  Blocks.  Heat  loss  is  less  in 
winter — heat  gain  is  less  in  summer.  Ideal 
humidity  conditions  are  much  more  easily 
maintained  without  undue  condensation. 
Solar  heat  transmission  and  radiation  are 
reduced.  Dirt  can't  filter  in,  for  each  panel 
is  a  tightly  sealed  unit. 

Sizes  and  Shapes  Available 

PC  Glass  Blocks  are 

available  in  eight  at- 
tractive patterns, 
some  of  the  patterns 
being  designed  for 
special  control  and 
direction  of  trans- 
mitted daylight.  For 
complete  informa- 
tion on  the  sizes  and 
shapes  of  PC  Glass 
Blocks,  and  for  illustrations  of  the  many 
patterns  available,  write  the  Pittsburgh 
Corning  Corporation,  Pittsburgh,  Pa.,  or 
call  the  nearest  Pittsburgh  Plate  Glass 
Company  warehouse. 

•  •  • 

Additional  technical  data,  including  de- 
tailed figures  on  thermal  insulation,  solar 
heat  gain,  surface  condensation,  light 
transmission  and  construction  data,  will 
be  furnished  on  request. 
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STEAM 

CONDUIT  SYSTEMS 
For  Central  Heating— Thcrm-0-Tilo 

is  a  complete  conduit  system  for  the  per- 
manent support,  protection,  and  iriHulatjon 
of  underground  mains  of  a  central  heating 
system.  ~~^ 


H.  W.  Porter  &  Co. 

INCORPORATED 

Newark,  New  Jersey 

Permanent  Protection  and  Insulation  for  Underground  Pipe  Lines 

BALTIMORE,  MIX        CHARLOTTE,  N.  c,        RICHMOND,  VA,        WASHINGTON,  n,  c. 

Insulation  Hither  sectional  pipe  cov- 
ering or  ThermobeHtoB  waterproof  fibre 
filling  may  he  used  for  insulation,  as  the 
insulation  space  m  kept  <lry  at  all  times, 
by  the  internal  drain, 
For  wingle  or  double 
pipe,  linen,  Meet  tonal 
insulation  of  econom- 
ical thickness  i  a 
recommended; 
for  multiple 
pipe  lines,  a 
filler  type  of 
insulation 
usually  more 

economical  in        "  Mtw**  pip*  and  nM«r, ' 
first  cost.    See  Fip,  (I  and  7. 

Water  proof  inft— •  Under  normal  soil 
Arch  tiles  are  made  conditions,  this  conduit  is  waterproof.  If 
6  in.  to  24  in.  in  cliamc-  mar?,hv  Broun<1  or  I»rtia  ly  submenzed 
ter,  and  with  5  different  size  base  tiles  they  conditions  are  encountered,  the  conduit 
produce  27  different  conduit  cross  sections,  ^  b<s  fma<1«  completely  waterproof  by 
Foundation-The  base  of  the  system  the  use  of  membrane  waterproofing  applied 
is  a  thick  concrete  slab  poured  directly  in  "«<!».  the  slab  on  a  sub-base  and  earned 
the  trench  bottom,  reinforced  with  steel  completely  over  the  tile  envelope. 
when  installed  over  a  filled  or  boggy 
ground.  See  Figs,  1,  4,  6  and  7. 

Drainage—The  drainage  system  of  the 
conduit  is  entirely  internal,  open  to  in- 
spection at  manholes,  and  of  ample  ca- 
pacity to  keep  the  pipe  space  dry  at  ^all 
times  without  any  possibility  of  becoming 

clogged  with  silt  or  vegetation.    See  Figs.  /%  n  .Anehor  fttodfc.    Fit*  dimity  in  Urn 

6  and  7,  with  /law  Tilts* 

Efficiency— The  degree  of  thermal 
efficiency  secured  depends  upon  the  type 
and  thickness  of  insulation  used,  This 
conduit,  due  to  its  sealed  air  chambers  in 
the  tile  and  dry  maulation  space,  add  a  to 
the  normal  efficiency  of  the  insulating 
material  on  the  pipe  lines. 

Representativea-- Therm-0-Tile  is  also 
sold  and  installed  locally  by  Johns- Man 
ville  Construction  Units. 


Fig.  IS—Pipe  Support 
for  Single  Pipe. 


lfig.8~Pipe  Support 
for  Three  Pipes. 


Pipe  Support — Ail  pipes  are  supported 
on  cast-iron  adjustable  supports  resting 
directly  on  the  concrete  base  independent 
of  the  tile  envelope,  Figs,  2,  3, 4,  6  and  7. 

Accessibility—All  piping  is  installed 
before  tile  is  placed,  giving  complete  ac- 
cessibility for  welding,  testing  and  insu- 
lation. Pipe  fitters  work  on  concrete  slab 
"walkway."  Figs.  1  and  4. 

Strength — Due  to  immovable  concrete 
base  and  arch  construction  of  extra  heavy 
tile  members,  conduit  will  sustain  any 
roadway  traffic  load  usually  encountered 
without  extra  reinforcement, 
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Fi(l.  Q—Single  or  Double 
Pipe  Lines  Using  Sec- 
tional Pipe  Insulation. 


Ft*.  7 Multiple  Pipe 

Lines  Using  Filler  Typt 
Insulation- 


Insulation  •  t/ne/«r<«»une/ 


The  Ric-wiL  Company 


n*<a,  M.  n,  *»AT, 


Afttofs  In 


ElTARLISH  ID  IN 

wto 


CONDUIT  SYSTEMS   FOR   UNDERGROUND   STEAM    PIPES 
Union  Commerce  BM^,,  Cleveland,  Ohio  New  York,  Chicago,  San  Francisco 

Kk>wIL  InnuUited  Pipe  Unita  Pre,« 
tahricated,  nee » Healed,  ready  to  •  hwtaU 
unitH,  ideal  for  Kneed  aiul  economy. 
Artneo  Iron  Conduit  in  (be  foundation 
Hupportinx  heavy  anphalt  nhell  ol  any 
dcnired  ihieknt'HH  a  permanent  housing 
for  the*  ins-tulaled  pipe  which  in  fttirnnindetl 
withw  |>rot«*tivcair-n{m*'c.  Ample Htrurt - 
and  MtrniKth,  it)<htw<MKht  and  watertight. 
Furnished  in  any  Irngtlw,  tor  m\^  or 
niuttiptc  j»ijH'H,  with  any  kind  of  Meant 
pijx*  or  innulation,  C<»r  underground  or 
overhead  nteatn  Iturn,  \VMtd  couplingH 
u«'d  if  prrfrrred,  Write  for  latent  Tint 
Htillrliti. 


5TAB1UTY 
STRfiNOTH 
SIMPLICITY 


Typi*«  of  Sect  lon*l  ( londuit  R i<- •  wil , 
SujwrTilt1  ( 'onduit »  Hhown  IK*!OW»  wit  It  I  >ry- 
jw(*  hwulation,  in  an  rxu'a  weight,  heavy 
duty  t*ynt«Mn  dowK»u*«l  tor  urn*  under  high- 
way trailu*  or  in  especially  ^widr  or  deep 
twncheH,  Vitrifu*d  tile,  nplit  tin  the  jol>, 
with  Lm'diP  Side  Joitttft»  intrrlorkin^  nm< 
»tru<lion  throimhout.  Sating  itcm^n  a  lino 
fumwht*d  in  mandard  weight  file  (Typi*  I1*), 
Tile  in  hell  and  »|«K«»t  ilwiRti,  jitu-d  or  un» 
linetl*  and  r*>in«  in  24  in,  MTtiann,  4  in,  to 
27  in,  inwdc  diameter,  For  extra  heavy  duty 
under  ruilway«»  Hie  wtL  m  nintle  of  rant 
iron  in  2  or  4  foot  ttef'ttmw.  Where  eon- 
tinuotm  ronrretc*  ham1,  poitfe*t  on  joh»  IK 
dcwired,  and  redured  lal»or  vtwt  not 
titil,  Kit'-wiL  Ufjivei'Ml  TyiH*  Snt 
rrwHinnendetl,  Kueh(  KyKteni 
roinplete  with  nrojirr  pipeKupportK,  arren 
«c»fk*n»uiid  ttiMuhition  awnjwrifted,  Sctparutr 
i)ulletjn  on  any  one  of  thm*  Hir*wiL  typ« 
•upplied  on 


Base  Drain  Standard  Bam*  Drain  is 
vitrified  «alt  gla/etl  tile  fur  tile  conduit  and 
extra  hc'avy  tile  or  rant  iron  for  the  eunt 
iron  conduit,  in  24  in,  lenRthn,  Made  iti 
three  Hi/en  to  mipport  and  drain  properly 
all  eonduit  Mi/en, 

Innulfttlon     Uie-wil*  Dry-paC  Water- 

proof  Insulation  in  hiKh*gnule  long  flhre 
anhejitoK,  Mperially  j;>rotaewetl,  Any  grade 
of  eotntjiereial  hand  parked  insulation  ran 
he  iurnwhed,  ulm)  wu't  tonal  pipe  covering. 
For  lined  conduit,  (liateomareouij  earth 
mixture  in  molded  and  keyed  hmulc  the 
tile, 


Service    Full 

tion  with  architect**  and  fnijineero.  In- 
utallation  nujwrviiiion  if  <IeHiredt  Wriic 
for  Catalog  HullHin  with  valuahle  under- 
ground  data. 
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Insulation 


Alfol  Insulation  Company 

Incorporated 

155  East;  44th  St.,  New  York,  N.  Y. 

Principal  Cities 


HEAT  INSULATION  for 

Buildings 

Housed  "-Summer  and  Winter 

Ships  and  Naval 

Railroads 

Oil  Refineries 

Heating  Equipment 


ALFOL 

PAT.  IN  34  COUNTRIES 


ALL  PURPOftKS 


Kftdlawr 

Cold 

Mtortft*  Tftnkft 

PlfHW  urn!  Duct* 

Ov«n«  tntf  Kiln* 

Truck*  mud  Tr*ll*r* 


(  Aluminum  Foil  insulates  against  heat  and  cold  because  of  iu  rxtrcmrly  high  reflec- 
tivity and  low  cmissivity. 

For  latest  test  data  and  information  write  us  for  - 

Bulletin  and  Circular  issued  by  National  Bureau  of  Standards, 
Reprints  of  articles  on  Reflective  Imwlation, 

For  technical  data  see  Table  1,  Section  C,  page  74,  and  pagi-H  7tt-70,  thin  volume, 


ALFOL  HOUSE  INSULATION  BLANKET 

99.4  per  cent  Pure  Aluminum  Foil  apaml  on  three  ply 
waterproofed  vapor  barrier  »heet,  Frovtdm  spaced  aheetH 
to  reduce  conduction  and  convection.  Recent  tents*  ithow 
that  reflectivity  of  ALFOL  i«  i)7  per  cent.  Applied  between 
structural  membera  or  furring,  AJ.FUL  !>hirtket«  give  high 
value  in  insulation  at  a  low  COHI  for  material  and  labor, 

Specifications 


Typel 
Type  2 

Description 

1  Layer  ALFOI  
2UyeriALFOL,,, 

W«Hh» 

16"  W  24W 
16"  20"  W 

Net  Arrft 

prr  Roll 

m  t<,.  ft, 

250  K|.  ft, 

Nat  Weight 
PM  Roll 

"  17lb», 
191U, 

Rolls  of  Type  1  or  Type  2 

Rolls  of  ALFOL  House  Insulation  Blanket  weigh  lew 
than  20  pounds,  are  about  7  in.  in  diameter.  Insu- 
lation for  a  house  can  be  carried  easily  in  a  passenger 
automobile, 

Permanence 

Inspections  of  our  earliest  applications  prove  that 
insulating  value  of  ALFOL  is  permanent.  Write 
for  Circular. 

ALFOL  RADIATOR  REFLECTOR 


dwto™  of  h<*a*  reflectors  behind  radiators  reduces  heat  lew 
through  walls,  saves  fuel.    Temperature  gradient  to  outside  reduced  5fl  i  pw  cent! 

Ten  Years  of  Service  Proves  Lasting  Value  of  ALFOL 
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Insulation 


Aluminum  Aircell  Insulation  Co* 

Curtis  Bldg.,  Detroit,  Michu 

INSULATION  FOR 

Air  Conditioner* 
Brooders 

Building 
Chicken  Houses 

Dairy  Barns 
Fruit  Storage 
Home* 
Hot  Houses 


Refrigerated  Rooms 


uiuiw  ('atoms: 
,«%,41H     1,944,174 

ttthefS    IKMKHna 


INSULATION  FOR 
Automobiles 
Beehives 
Busses 

Floral  Shipping  Boxes 
Heaters 
Ovens 
Ranges 

Shipping  Containers 
Trailers 
Trucks 


Op«n  At  lie  Floor 


licit  TrtnimiMion  tttu/Hour/tt|  ft/K 


Not 

IniuUtml 


0  69 

'o  to 


1  I 


2  layers 


a  u 

0  19 
(1  18 


0,09 

'o"ii 

"0,10* 


Rrdat 


liy«r 


Rttflfct 


yort 
-OCall 


50 

'  69" ' 
68 


Therms! 

Actimt  tin**  ntwi  iilnM 


tlr-tmnlnrt!  tit  (tir  thilvnulty  «»$  Dttfnit  itiukr  humidity  ninclititmN  prfvuitlntt  i 

lh«*  f  'niv^r^ity  tif  Turnttfrt,  Tnrmt(o4  ('nntulu. 


REFLECT-O-C3ELL  is  the  imxlent  instt- 
LatinK(  nuitcriwl  bused  on  the  fatuous  Dcwnr 
Principle!  of  insutjuioti»  thc^  outitaiuling 
example  of  which  is  the  eftiricnt  Thennos 
Bottle, 

Light  In  Weight,  not  <ta 
thickness  jjitrtlimky.KKinj'X. 
employs  this  Dcwar  Primriplc  by 
iti  fKilishfti   Aluminum  I1  oil  backed  by 
corrtiRittwi  Kraft  f»ut>rr, 

The  Structure  «i  Reflect *<<>«<^U  pr- 
mits  both  surfaces  r>f  the*  foil  to  reflect 
radiant  hr-it. 

Moisture  SeaIinA»  whidt  effectively 
reduces  sutttfnr.r  dehumidifying;  load  aiul 
winter  humitHfyitiK  retjuirements  by  pre- 
venting vapor  pWMHure  Itwues. 

Windprooflnijl  all  «tuddhig  spaces  aimi- 
lar  to  metallic  window  weatherstrip  effect, 


Soundproofing  provided  by  high  hys- 
teresis air  cell  construction* 

Especially  Indicated  for  exposed  appli- 
cation to  eliminate  air»awdhionmg  «nock 

and  to  reduce  cooling  load, 

KKPLPXnXMJELL  is  used  in  the  pro- 
duction of  insulated  Buses,  True  ks»  Trail  - 
ern»  Kiiitgcjf  Heaters  und  others,  Similar 
satisfactory  service  has  also  been  rendered 
in  residences,  industrial  buildings  and  pro- 
cessing equipment, 

REFLBCT"0*CELL  it  supplied  in  con- 
veniently scored  continuous  Roll  Sheets  or 

in  Packs  tuid  ii  eaiily  iantnlled  between 
wall  studs,  ceiling  joists  and  roof  rafters  by 
ititplmg  through  iti  flanged  cdgeti. 

Weighs  only  3U  Ib  per  tOOO  sq  ft. 
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Insulation 


Armstrong  Cork  Company 

Building  MaUrMs  Division 
Lancaster,  Pennsylvania 


ALBANY 
ATUNTA 
BALTIMOHK 

BOBTON 

BUFFALO 

fhlARLUTTH 

CHICAGO 


CINCINNATI 

CLEVELAND 

Oouiiwtnm 

DAU.AB 

Dm  MOINKH 

DrntotT 

HOIWTON 


jACKMUNVIMiX 


UlUMVlMiM 
M(I<WAlfKKM 
MlNNMAl'OUft 

N>,w  You* 
Dfotrlbutorn 


1'muitxt.piiu 

I'nWHVIUJH 

RICH  Mn-.i' 

Hw' 
Hr, 


In  ( 


,  ONT. 

,  MAN, 


APPLBTON,  WIH.  , 

NorthwoHtorn  Afitxwtots  and  Cork  IiumUtum  <  u. 

BOIHB,  IDAHO „„. Roilly  Atkuwcm  ami  Co, 

BOSTON,  MAM „.,... ., T.  II  Nuimn  Company 

OimiuiiBTGN,  W.  VA,.«. Capitnl  City  Hupply  Company 

Dimwit,  COLO StaariiH-Rogw  ManuFacturing  Oompimy 

KAU  CLAIM),  Ww ..Hortt-Ornorge  Company 

FORT  WAYNK.  IND AntxMtoi  &  Asphalt  Products  Co. 

OMDNDALIO,  N.  Y.,, ,  ......Cfhideu  M.  Trokhri 

GRAND  HAPIDR  MKIH , Thomas  Bttetiburg 

JAMESTOWN,  N,  Y Laoo  Roofing  4  AibMtoi  Company 

JOPLIN,  Mo.. - JupHii  Commit  Company 

KmaBPORT,  TMNN.,, Kiripport  lAirnbor  A  Hupply  (•(», 

LtTTLB  ROCK,  ARK Fischer  Comont  <St  Hoofing  ('ompaity 

LOB  ANQVLBS,  CALW Van  Floot-Frotmr  (Company 

MANITOWOC,  Wis, 

NorihwoHtorn  Aelwstoa  and  Cork  Inaulatum  Co. 


MIMPHIK,  TKNN. 
Niw  OMLIANH,  LA,  , 
PORTLAND,  OKMOHN 
FiovmiBNta,  It.  L  „ 
SAN  ANTONIO,  THX.,,, 


,  WAMI...  .....  . 

HOUTH  B»N0,  IND«.,..., 


u,  Mo.,,,, 
TAROKA,  WAMI  ....... 

TNRIIM  HAWI,  INI>, 
TUWA,  ()KI«A...  ,„„„ 


Ino, 

H,  T.Htuffiw 

, .    ,  AnlKiitrMf  Hupply  <  Hnn^ny 

,KhcK)o  tnUiKl  Cuvering  t'ompwiy 

,  .Utwrul  Hupply  Comptriy,  Ino, 

„ .,,V»n  Ftwt-Ffewar  (?omp*ny 

.,     ,  .Aibwitw  Hupply  (Hompany 
»,   Aitxtftc*  A  Anphftlt  Produoti  Co, 

„ AnlwUM  Supply  Company 

JohtuKin  Antmitoi  Cotnpftny 
Htnifhwwtrrft  Iwutlatian  Comimny 

,    Adlwitm  Hupply  ( lompuny 

Thr  Ihtrtiimiin  f 'on i puny 

Krllry  A»ln*t<«  PriKluotn  ('um{Mny 

Ltitii'timti  Itifsuhitiotm  Company 


l?vr  detailed  technical  informatjoi^,  wimples,  nml  (k*Kt*ri|»tivt'(Htr*rutur<',  u«k  any  nHU'r 
or  rcprcHontutivc,    (Complete  npccificationn  uppi'ur  in  Swcet'n  ArrliiUvHitul  CataluK. 

PRODUCTS    Armstrong's  Corkboard,  (iork  Coverinjjt  Yibracork,  (Jorkoustlc, 
Temlok,  Temcoustlc,  Insulation  Sundries. 


Cork  Covering 

C*ork  Covering  is  made  of 
pure  cork  in  ai/cfl  t(»  fit  all  standard  pipe 

sixes.  The  inside  nurface0  of  each  piece  are 
machined  to  utmure  an  accurate  fit,  free 
from  momture-catchinx^air  tickets*  Cork 
covering  i»  rigid  and  will  not  Hag.  Thick- 
nesseH  arc;  Ice  Water  ( t ,20  in,  to  1 ,03  in, ) ; 
lirinc  (1,70  in,  to  3,00  in,);  and  Special 
Thick  Brine  (2.H3  in.  to  4.00  in.),  < 

Armstnmg'a  Fitting  Coven  are  rigid  and 
are  designed  to  fit  accurately  all  types  of 
standard  ammonia  atui  extra  heavy  fittings, 
screwed,  flanged,  ami  welded* 

Vibracork 

Armstrong's  Vibracork,  made  in  three 
densities,  is'  ideal  for  the  elimination  of 
noise  and  vibration  transmiamon  and  is  of 
primary  importance  in  air  conditioning 
work,  It  does  not  take  a  set,  is  not  affected 
by  atmospheric  moisture,  and  will  not 
deteriorate  under  usual  service, 

For  aid  in  the  solution  of  any  technical 
problems ( involving  insulation,  isolation, 
or  acoustical  treatment,  and  for  literature 
and  prices,  get  in  touch  with  an  Armstrong 
district  office^ or  distributor  or  the  Arm- 
strong Cork  Company,  Building  Materials 
Division,  Lancaster,  Pa. 

Conforms  in  all  details  to  Federal  Specification  HH-C-561a,  March  9,  1939 
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Corkboard 
Insulating  Efficiency 

The  thermal  conductivity  of  Armstrong's 
Corkboard  is  0,27  Btu  per  hour,  per  de- 
gree temperature,  per  inch  thickness  at 
60  F  mean  temperature. 

The  value  of  adequate  and  efficient  insu- 
lation is  covered  in  Chapter  3  of  this  book 
and  the  tables  on  pages  84  to  96  indicate 
the  savings  which  can  be  effected  by  using 
1J^  in.  or  2  in.  of  corkboarcl  in  standard 
wall  and  roof  construction. 

For  air  conditioning  work  use  1  in,, 
1,H  in.,  or  2  in.  corkboard  insulation  on 
ducts,  fans,  dchumidificrs,  and  similar 
equipment.  Erect  corkboard  in  hot  asphalt 
and  tie  with  wires  or  bands  9  in,  on  centers 
or  erect  with  Armstrong's  Cements,  using 
ties  as  above, 

Sizes  and  Thicknesses 

Armstrong's  Corkboard  is  furnished  in 
rigid  boards  12  in.  x  36  in.,  18  in.  x  36  in., 
and  24  in.  x  36  in.,  in  several  thicknesses: 
1  in.,  1  %  in.,  2  in.,  3  in.,  4  in.,  and  6  in. 


Insulaifon 


The  Philip  Carey  Company 

Manufacturer*  of  Heat  Insulation  and  Asbestos  Products 
Lockland  fsit£*f  Cincinnati,  Ohio 


Atl.ANIA,  l*A, 
HAMXMnftK,  Mil, 


ii,  N,  V. 

IMK,  NX:, 
NntiffA,  TKNN, 


C'tN*  tNNAl'l*  (  lino 


DALLAS,  Tiex. 

t>AYI(tN,  OHIO 

DhtMnu,  Mn  ir 


KAMHAM  Onv,  MCI, 
LOH  AN(*Kt,KS,  CAI,. 

IjOtflNVH.UC,  KV. 

MiNNiCAi'outt,  MINN, 
NKW  YtJUic,  N.Y, 


A,  I'A, 
PrrTHiitW(*ii(  PA. 
KtniMoNii,  VA* 

JST,  LfHIJH,  M(>, 

n.K,  WAMII. 
tJ,  W,  VA, 


(  iireyduct  it  a  new  prefabricated 
iniulatcd  duct  built  entirely  of  a»- 
beitoe.  The  ctoutjje  layer  construc- 
tion cotiiiitj  of  an  inner  core  of  hard, 
rigid  aibtfitoi,  ami  the  outer  jacket 
i«  nuule  of  multiple  layers  of  a  fine 
corrugated  nubefltoi  structure.  The 
rombinut  ion  result  i  in  great 
mrciiKth,  IH  an  f  excellent  itimilator, 
and  lum  a  definite  wound  dcudeninx 
eilVrt. 

Carcydtnl  jitiinwH  are  made  from 
Htaudard  Mrtioim  <>l  dtid,  and  may 
IM»  made  in  tin1  fit'ld  with  compara- 
tive" raw1  by  men  without  upcrnal 
training,  A"  simple  mitre  nil  phu*  a 
ft'w  Htaiulard  arcTH«orieH  mak«  a 
romplcit*  lit  ting  thtw  keeping  coijtn 
at  it  minimum,  Prrfabncatal  fit- 
ttnKM  may  be  ordered  from  the  fac- 
tory if  dwtired, 

The  tclfffiropu*  uiwctubly  mctho<l 
prnrtically  eliminate  IcakH  that  arc 
commonly  found  in  other  eonntruo 
lion, 

The  standard  w/c«  of  (*arc*yducl 
aft?  dcwtKncd  io  that  a  combination 
of  Minalk'r  iixwi  wilt  exnctlv  ne»t  in  a 
larger  ai/.e.  All  tew  and  tnke»ofti  are 
a  rmnbination  of  el  In  and  mraight 
dud, 


and  damperti  are  iimtallcd 
to  the  accepted  iftstndard 
practice,  ("areyduct  giycn  high  in- 
wulating  value,  It  njatcrmlly  redticcsi 
the  traiutnimiion  of  rxtrancouit  and 
equipment  nowwi,  Careytluct  cout* 
decidedly  IPHH  than  property  intu- 
lated  metal  duct  ami  cumparert  very 
favorably  with  nheel  metal  duct  of 
Htandartf  quality. 


For  more*  demihHl  information  write  for  Cataloft  and  Erection  Manuah 
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Inmtation 


The  Eagle-PIcher  Lead  Company 

('.rnrrnl  Offuvs;    Trmplr  Hair  BuilcIInR,  Cincinnati,  Ohio 

In  Prlndpttl  Citta 


A  Remarkable  Inimliitln& 

Wool  Made  From  Mineral* 

Yearn  ago  Kaglt'-Pielwr  pioneered 

a  method  of  f  tilting  and  ftbrn/mg 

carefully  select  fd  mineral*  into  a 
dark  gray  intmiatinit  wool,  tThm 
mineral  wool  in  chftmrnlly  inert, 
Fihfffi  are*  nurhanically  *trmi|(, 
extremely  rwitiwit  an<(  flexible* 
They  wit  hHta«d(*x|mnHi»»nan»!  con- 
tract i<»n  without  Inm  of  efficiency 
even  at  elevated  temtH'rature*, 

From  thin  mineral  wool,  Kagle-Picher 
han  fabricated  a  long  ls»f  of  tnmtlating 
product*  to  meet  a  wiiie  ratine  of  tempera' 
(urea  and  opctalitig  i 


Kaftta  H-JI  LOOIMP  Wool 
A  clean  fill  insulation  that  IH 
efliciettt  lor  (enifKTattueM  to  I2IHI  I1*, 
Averanen  constdrrattlv  lighter  it*  weixht 
than  nmnv  nn'k  and  nta^  WOO!M  HOW 
further,  Pitter*  are  Noft  and  flexible.  Ap' 
prove*  I  by  Pnderwritem  Laboratorir*  nn 
fireproof  and  a  non-conductor  of  electricity. 
Ketainn  phynii'al  and  chnnical  lability  in 
ot  water,  Parked  in  *IOdb»  bitg», 

7-H  <;raniiittt«d  Wool 
Another  gnidr  of  fit!  itmulation  that  hu» 

all  the  ndvatiUKfou*  properticH  nf  Maglt* 

11*2   f»o«»r   Wool,      I(   ronuJMtM  «»f  mnatl 

pellet**  avrragiitK  ^  to  J*i  itt,  in  »i/c, 
For  ult  fill  jolm  in  irregular  npucrx,  May 
he  poured,  Parked  tr*  40«lb,  bugti, 

Kuftto  Low  Tempfriituw  Felt 
A  fuRhty  Hiicient  inmttaf  inK  titatcriat  for 
nub/wo  and  low  trnsfw*nitttre»  (to  4<H)  F), 
Inherently  water-rt«i»elii*nt  (mit  Hpenully 
treated  I,  Avaitablr  in  dennttirH  4«lb  to 
S-lb  j»*r  c'«  ft  ,  RtTojitmrtidwl  for  rrfrig- 
irator  niotn^,  truckiN,  rrfrigiiriitt»«j  »tov«» 
cir,  Kxicitmvety  u«*d  in  marine  field, 

K;ul!r  115  Fitted  Pads 
SjKvially  denixned  for  une  in  predabri- 
eated  efptipnient  where  high  itmulatinK 
dlliciency  in  rw|itired,  (Hlerx  Unv  c<nt- 
duc'tivitv  in  runy  to  apply  form.  Padn 
cmm*  rtmed  in  pu'i»er(  li  to  12  ft  in  length, 
ThickneHm'H  J'^  in,,  2  in.  and  2j*{  in* 
Standard  \udJh  in  2'1  in, 


Batt«  and  Blanketn 
The«e  li^ht-  weight,  Mturdily  conHtructed 
battH  and  blanket^  are  eu»y  to  apply, 
MnrlnHcd  on  four  nideM  with  paper,  om* 
Hide  of  uhic'h  w  ait  approved  vapor  barrier, 
Stronn  tacking  fliuiweM,  Quickly  cut  with 
knife  or  Mbearn,  Three  thickneHWM  Ful- 
Thik(  Semi  Tliik  and  1-iti. 


Sufxtr  "66"  Cement 

t  A  high  lempefuttire  plant  ic 

I*',aj*y  to  apply  and  troweln  in  a  nmooth 
ftniHh.  Doc**  not  catwe  corromon,  Will 
wtirk  on  any  clean,  heated  Murfacc,  Dry 
coverage*  f*0*55  wj  ft  jwr  HH)  llm.  KM)  per 
cent  reclainmblr  up  to  1200  F,  Packed 


Super  tomp  Blocki 
(An  all-purpoM«*  block  iitMuhttion  which 
will  withstand  dcvutod  tt^tnpcratureii  up 
to  17110  F  w-ithout  low*  of  efliciei»cy  or 
Ntructttral  strength.  Blocks  arc  water- 
repeltetit  ,  Light  weight,  KaMily  cut  to 
fit  irregularly  «hupi*d  mirfacen,  Blocks 
reHWt  attacks  of  nteaiu  and  inoiHture,  and 
withstand  all  norntal  vibration  and  abra* 
Nioit.  Available  in  all  Htumlard  MI/CM. 


* 

cottipletc*  Hpccificutioiiis  and 
technical  data  on  (hew*  and  other  Eagle 
limulating  Prod  net  K,  «ee  Sweet's  Hngi- 
net^ring  <ir  Power  Plant  catalogs 


InsulsciU 

A  protective  eotiting  for  Ulankeln, 
Sutwrtt'inp,  "(iji"  C  'ctiicnt  and  other  kmd» 
ol  heat  tnMulation,  Providen  a  pennanerjt 
wsil  that  Hafeguardn  inmilation  agaitmt  air 
infihration,  nminture,  water,  funuw;  ultto 
againttf  vibration  and  abraHion,  DOCK  not 
HUpport  cnmhuMt  ion* 

r'or  ju 


Insulation 


Ehret  Magnesia  Manufacturing  Co. 

Valley  Forge,  Pa. 


materials.  Pipe  <*ovenng«  include  cork, 
wool  felt,  frostproof  and  anti-ttweal. 
Standard  Hair  Kelt,  Punthtnl  Hair  Kelt 
and  Inmiltelt,  in  roll  t'onn  arc*  used  to  in- 
sulate both  ruryc'd  and  flat  surfaces. 
Khret'tt  Kroduct  in  a  spwal  material  in 
Jii  i».  thickness  that  if*  applimHo  uir  con- 
ditioniuK  and  oold  air  durts.  (V«*k  blocks, 
sheets  iuul  < list's,  as  we'll  as  granulated  rork 
are  abo  furnished. 

BUILDING  INSOLATIONS 


85%  Magnesia  Pipe  Coverings 


A  FULL  RANGE  OF  INSULATIONS 
FOR  HEATING  AND  VENTILATING 

The  Ehret  Company  furnishes  a  broad 
range  of  thermal  insulat  ions  for  practically 
every  industrial  and  architectural  require- 
ment. For  full  details  of  Khret  product H, 
see  the  Khret  Insulation  Manual. 

Ehret's  85  Per  Cent  Magnesia 

Known  for  nearly  half  a  century  in  the 
industrial  field,  Ehret's  85  per  cent  Mag- 
nesia Pipe  Coverings  and  Blocks  arc 
efficient,  economical  and  they  last  indefi- 
nitely, Pipe  coverings  are  available  in  a 
full  range  of  sixes  and  thicknesses,  and 
blocks  can  be  furnished  in  thicknesses  up 
to  4  in.  An  ideal  material  for  use  on 
heated  pipes  or  surfaces  whose  tempera- 
tures clo  not  exceed  GOO  F. 

OTHER  HEAT  INSULATIONS 

In  addition  to  85%  Magnesia  insulation, 
the  Ehret  Company  furnishes  a  full  line 
of  other  heat  insulating  materials,  in  the 
forms  of  pipe  coverings,  flat  and  curved 
blocks,  sheets,  lagging,  blankets,  cements 
and  loose  fills.  These  materials  include 
Enduro  (high  temperature),  asbestos  cellu- 
lar, asbestos  sponge  felt,  mineral  wool  and 
many  other  products  for  use  on  heated 
pipes  and  surfaces. 

COLD  INSULATIONS 

Ehret  insulations  for  use  on  cold  pipes  and 
surfaces  are  made  in  a  variety  of  forms  and 


For  insulating  the  walla,  floor*  nml 
of  buildings,  Khret '»  Heat  Seal  Wool  IB 
made  in  batts,  strips,  UHMW  and  granular 
fornii,  Thin  material  is  hi«h  in  itiuutatmK 
etliciency,  i«  ca^Hjj  tc»  iimtall  or  apply  inul  it 
will  laHt  indefinitely.  BatlM  ran  I;e  fur- 
ni«hcd  with  or  without  paper  harking*  an 


OTHER  EltRKT  PRODUCTS 


In  addition  to  the  msulutitmtt 
the  Khret  Company  am  furnwh  innulation 
arccHHorieH  such  UK  water-proofing  com- 
poumk  weather!  tnht  jacket  »»  binds,  wires, 
adheflivcH,  Hewing  ran  van,  unbent  OH  pni>er, 
wttllboard  and  many  other  materials 
required  for  the  application  of  mmjlnthmB, 
Khret;  packing  and  asbwuw  products  a« 
well  as  Durant  Insulated  Pipe  (which  m 
briefly  deHcrilwl  on  the  opponite  page)  are 
fully  treated  in  the  Khret  Insulation 
Manual.  Write  today  for  your  copy  of 
this  280  p>aK6  handbook* 
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'/'inn  *  '«  '/Mm  li« 
Durttnt  htMi/itW  /'I/V./ 
rrti/fj/Vi/  w  «i/M«y  Mr  i 


EHRKTS  DURANT  INSULATED  FIFE 
,  *  ./or  Underground  and  Outdoor  Service 

Thin  unique  tevMtem  of  ptpr  tine  protect  ion      are  ea«y  to  make,  and  once  made  the 

<    ,        *      '        .1      .'"I*      t  i     i          i         \       J  i"  H  '     ,  ,         i         t  ...       .,,.  i     4  i. .      j  „,.,,  „»  ^K 


nt  tit  wur  [tttfarp,  nw\  Nhij»|K*ti  to  (In* 
job  mt«lv  for  ittKdtltatioti.     I'tjn* 
CHU  Hf  joiiH'ii  *with  m*fi*wi*«l, 

wc*l<h**f  funti^w,  »»IH!  flu* 
protect  ititt    fur   **x(«umio« 
Vttlvim    ,UH!    «tml»if     pitM 


ran   IK* 


and   flu*   t«*nch 


< 
Fteltl  joint*  tit   t)ur«titt    Itwutttrd 


Outtttftiuiinft 

1,  Permanently  w»t 


*2»  Klimitiafitm  of  eltrtfolynii*  and  e«rro- 
motii 

»'i.  KeipiireH  no-  t*ub  drains  *m  e\e»  com* 
plele  water  nubmermon  doe*  no  harm. 

4,  In  tnuttiple  Jitten,  iiulividual  Dtifant 
pipew  can  tie  added,  removed  or  re- 
placed without  diHtitt'btnit  othern, 

5,  Minimum  trenching  and   field   work. 


I'»hn*t*H  Duraut  innulalwl  I*tpt*  will  ««»! 
rrark  or  leak  and  tnotMture  or^  wafer  m 
tH^nimnetiily  exeitidtnl  hy  the  thick,  tinie« 
defying  layer  of  hiKh-nu'ttiuK^poiut  aHpha.lt 
that  enrlime«iill  pnrtnof  tttcHyKteut^  Write 
fonlu'ftpwiat  Mhrci  I),1«P,  foUler  it 

fllll  ' 


of  Dumnt  Inuulntetl 

II,  No  roller*  or  pipe  mip|«»riH  required, 

7,  No  breakage  t»r  wu»te   uf    ntaterial 
during  itmtidlation, 

S,  Tile  or  inanonry  protection   not    re- 
quired, 

!),  Field  coMtftare  mt»%h  lower  than  lho»c 
of  tilt*,  tunnel  and  ftmiilar  «y«tenw, 

10,  Itwulation    prote<'tum    in    absolutely 
dependable, 


Insulation 


General  Insulating  &  Mfg.  Company 


Engineering  Offices  and  Main  Plant: 
ALEXANDRIA,  INDIANA 


Executive  Officer: 
ST,  LmuK,  Mwsotriu 


rnnr h  I'luntu: 
it,  N,  J,      DiwyPK,  IOWA 


ROCK  WOOL 


INSULATION 


Gimco  Sealal  Rock  Wool  Bats    Cmw'o  Rork  Wool  Hats 
are  made  from  long;,  tough  rock  wool  fibrcn  annealed  and 
treated  specially  by  the  patented  Uimeo  prottw.    Installed 
35$  in.  thick  Gimco's  conductivity  is  only  (UMV7  Btu  per  hour 
per  sq  ft  for  that  thickness.   Gimco  provides  full  "wall-thick" 
protection  .  ,  ,  keeps  inside  temperatures  as  much  as  15g  cleg 
cooler  in  summer  and  pays  for  itself  out  of  winter  fuel  savings, 
Gimco  is  aa   fireproof  as   the   rock    itself, 
The  GtMCO  Super  Seaiat  Rat  is  a  completely     resists  moisture,  and  ^  will  not  decay,  pack 

wrapped  "packaged"  insulation,   The  Standard  down  or  (lust   OUt,     GttlK'0  IS  El  permanent 

Sealat  Bat  ts  furnished  with  a  wtfior  pytof  paper  M    ^e    house,    and   ollew    no   attraction    to 
bdckins  on  ows  xttld.    jj  fatal  i>dts  jit  vftweett  .  **, 

standard  studdings  and  joists  and  are   furnished  vermin  or  termites. 
in  one,  two  and  three  inch  thicknesses* 

Gimco  Bats  are  Self-Supporting  Gimco  bats  need  only 
to  be  pushed  between  studdings  or  joists,  Their  own  natural 
resiliency  holds  them  permanently  in  place  without;  additional 
support.  Application  costs  are  thus  cut  to  a  minimum. 

Gimco  Insulation  for  Present  Homes-"  Gimco  in  granu- 
lated form  can  easily  be  blown  into  empty  wall  and  ceiling 
spaces.  It  makes  a  permanent  "wall-thick"  insulation,  ana 
can  be  installed  in  any  home,  regardless  of  age,  sixe  or  type  of 
construction.  For  complete  details,  write  tor  new  book  on 
home  insulation.  ,. 

Specifications— Gimco  Seulal  Hutu  are  furnished  with  wutmwinferl  PmtHt  hnm**  *re  easily  and 
paper  backing.  They  are  made  in  three  sized:  (I)  U  x  IB  in.  K  wull  thick;  quttkty  inmluM  to  Mtwin* 
(2)  15  x  23  in.  x  wall  thick;  (3)  15  x  4H  in.  x  wall  thick,  Ton  nmull  but*  0»mr0  Ktxk  Wttttt  in  tmfito 
Insulate  approximately  20  sq  ft  of  wall  or  ceiling  area;  10  medium  »lw  bsttn  wall  amt  tnltnjt  ijf»a<w, 
Insulate  approximately  25JHS1  «<i  ft;  10  large  bate  iiuiulute  approximately 
55  an  ft. 


suns  a  thitzk.  protective 
blanket  «/  uniform  density. 


GIMCO  ROCK  WOOL  PRODUCTS  FOR  INDUSTRY 


Flexfelt   Blankets  •  -Efficient    ami    adaptable   rock 
wool  insulation  for  boilers,  heat«r«,  furnace  breachinga. 

hot  tanks  and  other  industrial  equipment,  Standard 
sizes:  2  ft  x  4  ft  and  2  ft  x  8  ft.  Special  sizes  are  also 
made  to  order  or  as  planned  by  our  engineers  from  pur- 
chasers' equipment  drawings. 


Gimco  Flexfelt  Pipe  Coverings— Flexfelt  coverings  are 
suited  for  every  type  of  pipe  insulation  ...  hot  water,  steam 
process,  cold  water  and  refrigerant  lines.  They  are  made  in 
a  variety  of  sizes  and  styles,  each  individually  designed  to  clo 
an  efficient  insulating  job. 

Gimco  No.  330  Insulating  Cement  can  be  easily  and 
quickly  applied  to  any  surface.  It  dries  quickly  with  little 
shrinkage  and  has  a  smooth,  hard  surface.  Cost  per  square 
foot  coverage  is  unusually  low, 

Free  Construction  and  Engineering  Service— Girnco  engineers,  backed  by  years 
of  research  in  our  own  laboratories,  render  prompt  and  efficient  service  in  helping  you 
solve  insulation  problems.  Quotations  and  suggestions  on  any  job  (temperatures  up  to 
1500  F)  will  be  gladly  given. 
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DETROIT 

ROCK  WOOL  INSULATION  PRODUCTS 


BUILDING  INSULATION  PRODUCTS 
Loot*  Rock  Wool  (pftper  tag*) 
Granulated  Rcxrk  Wool  (paper  ba&s) 
Rock  Wool  In  Rolls  (any  length  or 

thXckn«s«) 
Rock  Wool  Bfttu  (carton*) 

(with  or  without  jumper  backs) 
Rock  Wool  Battt  (bafts) 

(without  paptr  backa) 

IniuUtiwt  Industries  Incorporates!  owns 
and  ofjffntci  one  of  the  numt  modem, 
up-to-date  Hock  Wool  plants, 

Rock  \V*«»I  is  tnmtufncturrd  hy  it 
patented,  precision  pf'H'twi*  thai  produces  a 
sujttrior  grade  of  Ktiek  Wool,  h  in  lityht  in 
weight,  has  long,  wlky  and  resilient  filww. 
It  is  rlratt  anil  free  hum  Inrvign  partirtcs. 

Hock  W«H»I  b  tndrMtructitilc  and  will 
last  an  lonn  an  fhr  btiittlinK  itm*tf,  I(  in 
firr  prnni,  v<«rtni«  ami  n»l<(nt  pntol  and 
is  rcsinfont  to  tnoifttuw, 

IWILI>IN<f  INSULATION 

UcK'k  VViM^i  \*  Kuitablt*  for  alt  ty|H*»  of 
ImildiiiK  insulatitm  rrqtiii'inurtiti*, 

It  can  fw*  applii**!  in  tin*  gr.uiubtwt  fonn 
by  the1  prt<*uinatir  mrthtitt  to  rxi'ttting 
honii*s  or  {»utI*liiiR«. 

For  m*w  n»nstrunio«  or  for  tiitfimshcf! 
attic  or  wall  spai'rs,  Hatts  arr  furnistunl 
either  15x2*1  in,  or  lf>K  4H  in,  ami  '2  or  4  in, 
thick  iiml  with  or  without  fwprr  tmcks, 
pttrkrd  in  rartnns, 

Lonj(  ftlrr  H«H"k  Wiwil  in  lews?  fonn  in 
avaiiahtf  park***!  in  Jift  tit  paprr  twp, 
REHIILTH 

Ursttlts  uhtatnttl  in  nil  iyj«*»  of  tniild* 
iriKSt  tH»th  old  «nd  nt'w,  shnw  sutwtantial 


INDUSTRIAL  INSULATION 
PRODUCTS 

For 

Stoves  and  Ranges 
Water  Heaters 
Industrial  Ovens 
Bakery  Ovens 
Lame  Diameter  Pipes 
Boiler  Settimpi  etc* 


savings  in  fuel  consumption  with  elimi- 
nation of  drafts  and  variation  of  tempera- 
tures between  rooms  and  floors* 

BLANKETS 
Long   fitott'd,   especially  treated  Rock 

Wo**!,  feltt»fl  and  secured  between  metal 
fabric1!!  of1  different  types.  These  blanket* 
arc  made  in  standard  stees  24  in,  x  1)11  in. 
and  2*1  in.  x  48  in,  and  npccial  nm^  \w  re* 
miiri'd  ami  any  thicknesM  from  1  in,  to  8  in. 
Applicable  to  flat  or  curved  nurfaceH. 

INSULATING  BLOCK 

Kock  Wo<»l  i'ubriciUcd  into  sheet  t  or 
board  form  from  J/'J  in.  to  4  in,  thick, 
24  in,  x  Ii(i  in.  or  s(H?cud  »i/«t»  as  requimi, 
This  block  is  widely  used  for  insulating 
boilertt,  ducts,  tanks,  stills,  etc,,  and  for 
domestic  furnaces,  boilera,  ranges  and  l^t- 
wuter  tank*. 

INSULATING  CEMENT 
For  finishing  block  and  blanket  insu- 
lation.   For  temperature  condition*!  from 
1(X)  to  2000  dc^,     Ii  very  plastic  untl  is 
quickly  und  easily  applied, 

SPECIFICATIONS 
Write   for  complete   inf  urination   and 
details  on  Insulation  Industries  products* 
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INSULITE 

General  Oflicea 
1 100  Builders  Exchange,  Minneapolis,  Minnesota 

SaU'H  Solicitors  Oil  ICON 

New  York     101  Park  Avenue 
Chicago -205  W.  Wackcir  Drive  «*.  I<oirt»    12(K»  S,  Vaiidi'vcnter 

TWENTY-SEVEN  YEARS  PROVEN  DURABILITY 

For  27  years  engineers  and  architects  have  specified  fntuilite  materials  for  ntructural 
uses,  interior  finish,  duct  lining,  and  for  other  thermal  immlatinn  and  Hound  control 
work.  Jnsulite  materials  have  proved  themselves  practical  through  their  performance 
on  the  job. 

STRUCTURAL  MATERIALS 


Lok-Joint  Lath  An  insulating-  plaster 
base,  fabricated  from  Ins-Lite  or  from 
Grayllte.  Patented  "Lok"  firmly  locks 
the  sheets  between  supporting  members. 
Thicknesses:  K,  Kami  1  in.  Size;  18x48  in. 

Sealed  Graylite  Lok-Joint  Lath  An 
insulating  plaster  base  of  Graylite,  sealed 
on  stud  space  side  (seal  in  center  of  I  in. 
thickness)  with  an  effective  vapor  barrier. 
Has  patented  "Lok"  on  long  edges,  Fur- 
nished in  same  thicknesses  and  si/c  as 
Ins-Lite  and  Graylite  Lok-Joint  Lath. 

Bildrite  Sheathing  is  an  asphalt -con- 
taining wood  fiber  board  manufactured 
under  an  exclusive  process  which  provides 
increased  strength  and  moisture  resistance. 
It  is  2J?';!'2  in.  thick  and  has  a  distinctive 
gray-brown  color.  Thermal  conductivity: 
0.36  Btu  per  inch  thickness.  Each  sheet  is 
marked  to  indicate  proper  nail  spacing. 
Available  in  sixes  4  x  8  ft  up  to  4  x  12  ft 
with  all  edges  square.  Also  available  in 
2  x  8  ft  size  with  interlocking  joint  on  long 
edges.  Used  as  a  structural  sheathing 
board  and  as  a  roof  boarding. 

Condensation  Control  -Where  low 
outside  temperatures  and  high  inside 
humidities  may  occur,  authorities  recom- 
mend "sealing  the  hot  side  and  ventilating 
the  cold  side"  of  the  wall  to  prevent  con- 
densation. An  adequate  vapor  barrier, 
Sealed  Graylite  Lok-Joint  Lath,  should  be 
used  on  the  warm  (room)  side  of  the  wall 
thereby  effectively  reducing  vapor  trans- 
mission into  the  stud  space,  Bildrite 


Sheathing  in  designed  to  allow  any  .surplus 
vapor  in  the  Btud  apace  to  "breathe"  or 
be  vented  harmlessly  to  the  exterior  air. 
If  vapor  Is  trapped  within  the  Htud  u^ace 
and  cannot  escape  through  the  »heuthing» 
destructive  condensation  may  occur. 

INSULITE  WALL  OF  PROTECTION 

This  construction  t*onjd«t«  of  Hihbitr  Sheathing 
on  the*  exterior  of  thr  frame  work  and  eHher  Lok- 
Jotnt  Lath  or  Iiwulitr  Interior  Finiph  Material* 
on  the  interior.  Tianmnmiion  « iH'f'Ji* 'ieniu  (U) 
are  jthown  below, 


Intrriof  Finish 


No   Insuktimi 


Kxterwr 
Finiih 
arid 
Sheathing 


Wood  Siding,  ".win, 
Bildrite  Shetthing 


0.16 


0,11 


I! 


(KB 


The  above  valwn  ur<i  tynicul  of  n*«ulti»  which  am 
bo  obtained  by  utilising  liwulitc*  matrTiali 


roiiHtnuilon.     Fo^r  further    (U)    v«luw» 
Chapter  JJ,  imucs  «8  and  BU, 


In  I" runic 

refer   to 


Allying  Bildrite  Sheathing 
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A  pplying  Lok-Joint  Lath 
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INTERIOR  FINISH  MATERIALS 


In««LiU*  Building  Board  A  wood 
fiber  board  with  flu*  light  color  of  natural 
wood  burial1*  and  linen  textured  mirfaeeH, 
Thermal  conductivity:  0,,'l'i  Btu/hr/»n 
H/in,  '1;;  density;  HUh/nif't,  FurniHhed 
in  thiVknertHen  tit  !2»  :li  and  1  inch  ami 
«i/i»H  of  4  %  >t  ft  to  4  x  12  ft.  Aluo  avail- 
able in  H  x  H  ft,  0  x  12H  and  Kx  12  ft  *!/<»« 
for  !2*n'  'm<^  fl4  *n<  thickneiweM, 

Graylite  Building  Board  An  integ- 
rally treated  a«phalt  containing  wood  fiber 
i>oard  of  xravinh  brown  color  burlap  and 
linen  textured  MtirfnceH.  Thermal  conduc- 
tivity  0,W>  Htu  |H*r  inch  thirkneMH,  Fur- 
nifihed  in  name  thirkncwwn  and  ni/e«  a» 
Inn-Lite  Building  Board, 

Smoothcote  Interior  Board  Coated 
Insulating  Board  with  wnooth,  hard  nur- 
fare  one  ni«le,  having  IIH  |K*r  rent  li^ht  rc» 
flection,  Fttrnwhfd  in  '  *j  inch  thickness 
only  and  in  «/«  of  4x4  ft,  to  4  x  12  ft. 

Sfttincot*  Interior  Board  Factory 
finished  Initulatifig  Hoani  in  rotofH  buff, 
gray,  coral  and  KWII,  I.inht  reikrtion 
from  H4  {«»r  cent  lor  grwn  to  HO  |K*r  cent, 
for  thr  buff  <'o>lor,  Rcquireii  no  further 
<l<H'oralion,  Highly  remMtant  to  abnmton 
and  rawily  wawhabfc.  In  1 2  iurh  thickiu*HM 
and  in  w/vn  <>t  4  x  4  fi  Jo  4  x  12  It, 

TiU'Ilourd  AvaitahlfMfi  hm  Lilt',<»ray- 
lit«%  SmoothcoU1  an*l  Satincotc,  'File 
Board  w  fiirnwlifd  with  th**  l,ok"(*t'ip 
Joint  that  {wi'tutta  concealed  nailing  and 
which  to^Hhi'r  with  the  Lok'Pin  (a  flat 
liiamond  nhijird  ntHid  dowel)  d««finiu*ly 
an<l  mechanically  ttafVKUardw  aRainyt  any 
ftilling  unitnrvm  though  no  fan*  nailing  in 
u«*d,  Si/«*H  of  TilrBoartl,  24  in,  x  24  in, 
and  fmtatlff,  aluo  avnitabtt*  with  a  butt 
joint  a  lid  brvdtnl  on  ed^w. 

InU'Litt*  and  (»raylit<»  Tih*Bt»anl  avail- 
able in  f  *j  or  1  inch  tnu*km*MU?H  and  «i/«i  of 
12  x  J2  inches  to  24  n  4H  incite?*,  Smooth- 
rote  and  Hfitincot<*  TiU»Board  ulw>  avail- 
able in  above  w/en  in  *  a  inch  tfnVkne«»  only, 

Plank  Av«ii«ble  in  Inn-Lite,  (Jraylitc, 
.Smoothcott*  ami  Siitincote,  Flank  hai  the 
Lok"(*r$p  joint  which  prrmitu  concealed 
nailing  and  in  beveled  and  tnwled  both 
In*"I,ite  and  (*raylitc  Plank 


furninhed  in  12  and  I  inch 
widtlm  of  <1  to  10  inclicH  and  IctiKthH  of 
H  to  12  ft.  Smoothcotc  and  Satincote 
Plank  furnmhed  in  )  a  inch  thickness  only 
and  in  above  Hi/en. 

AcouBtltite  A  hinh  efTicicncy  acousti- 
cal matoriiil  forHouutl  control,  Coellicieril 
of  ttound  nbMfM'ption,  at  512  cyclen,  IB  ()*7!> 
when  mounted  on  HO! id  baokground  art<l 
0»KO  when  on  furring  HtripH.  Noine  re- 
duction coefftcienf  in  0.(S5  when  mounted 
on  Holid  background  and  0,75  when  on 
furring  Htripn.  I^aclory  painted  in  bu(T» 
(IJKht  reflection  77  per  cent)  and  in  white 
(liRht  reflection  HO  per  cent),  Unitw  have 
a  butt  joint  and  are  beveled  on  four  edge», 
Thicrknewi,  H4  in.jmxcH,  12x1 2 in, io  16x32 in, 

FibwHte  An  eflicicnt  Hound  absorp- 
tive and  decorative  material.  Coefh'eient 
of  Bound  abftorptiou,  at  512  eye  lea,  IB  0.6JJ 
when  mounted  on  tt  aolitl  bacRKrotind  and 
0,72 1  when  on  furrinx  Htrinn.  Noi»c  re» 
<luction  coeflicieni  is  0.56  when  tiiounted 
on  ttolid  background  and  O.(15  when  on 
ftirritiK  HtripH,  Factory  jminted  in  buff 
(light  reflect  ion  77  per  cent)  and  in  white 
(light  reflection  KO  per  cent),  Units  have 
a  butt  joint  and  are  beveled  on  four  e.dgt% 
Thick n'eMH,  Ljin.iHi/eK,  12xl*2in,tolOx«TJin. 

Hard  Board  Products 
I  lard  Board  materials  are  tough,  durable, 
urainleMH,  preiwctl  wtjotl  fiber  boartln  with  a 

liard,  smooth  iurftic.*!,  Available  in  a  range 
of  deniiitie»tfrotn  37  to  08  Ib/cu  ft,  Tluck™ 
nt'wws  tire  from  \\\\  to  ^fd  in,  and  BI/CH  of 
4x2  ft  to4x  12  ft. 

Industrial  Insulation 

Irtdtiitrial  InMulutlon  IB  a  wood  fiber 
board  for  u»e  in  alt  type*  of  manufacturing 
intlufttriew  producing  itenm  «uch  u»  refriger* 
ator«,  coolers,  HboweaBen,  l>roodcrH,  parti- 
tionn  and  cabinet  B, 

It  can  be  aH4o««j/,ci  and  fabricate*  1  to 
cuMtomcr'fl  MpenfteationM.  Three  types  of 
intluntrial  board  are  available. 

Lowdenaito  Industrial  Board  -A  10 
to  H  Ib  denmty  board  with  an  average 
tenmlc*  «tn»ngth  of  100  Ib/no  tu.  and  an 
average  conductivity  of  0,S()  Btu/inch 
thickneHH, 

Ins-Lito  Industrial  Board  A  14  to 
18  Ib  denuity  board  with  an  average  lenmila 
Htfength  (jf  2fj()  lb/H«j  in.  and  an  average 
conductivity  of  O.HH  Bui/inch  thicknemi, 

(Jraylite  Industrial  Board  t  I)ifler« 
fnnn  two  above  products*  in  that  it  ha»  an 
integral  a«phull  treatment  which  provideH 
increafted  ntrenyth  and  moisture  reatHtunce 
an  well  an  niinimuiu  thickneHB  and  linear 
expuiiHion,  A  in  to  '20  tb  denmty  board 
with  an  average  tetinile  utrcngth  of  350 
lb/Mt|  in,  and  an  Average  conductivity  of 
0,35  Btu/inch  thiokntm 
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Insul-Wooi  Insulation  Corp. 

General  Offices,  Wtchto*  Kansas 

Branch**  in  Pdncijml  OitiUw 

Manufacturers  and  Distributor  of  In«tul-Wool 


Insul-Wool  is  a  fibre  insulation 


ii-WoGi  Applied  wer  Ceiling 


!>f  the  "fill"  type  made  of  wood  pulp,  a  natural 
insulating  material,  By  the  exclusive  H  Insul- 
Wcx>r  method  the  w<xxJ  pulp  in  converted  into 
'-?  a  bone  fluffy  tmbntancHj  which,  when  installed 
in  a  building,  forma  a  mil  h<!tat-rcHi8ting 
blanket  having  million*  of  tiny  air  cclto  cap- 
al>l«  of  renmtitiK  pa§wge  of  either  hwit  or  cold. 

UNIFORMITY  OK  PRODUCT 

Only  one  grade  of  fniul»\V«xit  is  made  and 
every  "run" 'it  tented  at  the  factory  to  insure 
uniformity  of  product  and  unvarying  jiigh 
quality.  It  i*  free  from  grit,  silicon  particles, 
or  "shot/1 


FIRE  PROOF  AND  VERMIN  PROOF 

A  special  "1  mud-Wool"  metluwl  of  chnnical 
treatment  makes  Inmii-Wool  thoroughly  ver- 
min proof  and  fire  proof.  It  ha*  IMTII  approved 
by  the  National  lioard  of  Fire  Underwriters. 

"INSUL-WOOI,"  SERVICE 
In»ul-Wcx)l  i»diatribtitfd  and  installed  only 

by  specially  trained  men  divert  factory  rc« 
presenlfttives  or  incn  in  the  orguni/ationi  of 
the  largest  insulation  material  dealers  through- 

out  the  United  States. 


ADVANTAGES  OF  INSUL-WOOL 


1,  It  is  niade  from  wood  pulp,  a  natural 
insulating  material. 

2,  Chemical  treatment  makes  In&ul-Wool 
safe  under  all  conditions  and  haxards. 

3.  Approved  by  the  National  Board  of 
Fire  Underwriters. 

4.  Its  light  weight  of  2.5  Ib  to  the  cubic 
foot  adds  very  little  load  to  the  ceiling 
rafters. 


5.  Does  not  pack  or  nettle  and  outkmU  the 
building  in  which  it  i»  inntaltad. 

ft,  Does  not  draw  moisture, 

7.  Cuts  fuel  co»ti  and  reduces  Summer 
tempcrat  urea,  indoors, 

8.  Meets  \L  S.  Government  requirement* 

of  Federal  Construction  with  a  thermal 
conductivity  of  0,24  Btu  per  hour,  per 
square  foot,  per  degree  Fahrenheit,  per 
inch  thickness. 


Material 


Analysis  of  Insul-Wool  in  Terms  of  Commerical  Thickness 

Commercial  Form 


INSUL-WOOL 


Wood  Fiber-Loose  Type,  Fire 
proofed  and  Germ  proofed. 


Comm'l.  Thickness  Inches 


D.  Wt,  Par  cu.  ft,      C  Conductivity 


2,5 


0,24* 
0,067*' 


•"Kansas  City  Testing  Laboratory,  Inc.,  February  25, 1038, 
**J.  C.  Peebles,  Armour  Institute  of  Technology,  April  8, 1937, 

Complete  data  on  Insul-Wool  Insulating  Product  will  be  sent  upon  request, 
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International  Fibre  Board  Limited 


OTTAWA,  MONTREAL,  TORONTO,    Adm!nl«tfwtlv«  Offit*v»  and  MIHii:    <;ATINKAU, 

tOfAec'i  THK  TKNTKSI  MHRK  HOARD  CO,, 

\Vl',s|,    lUlilKV  Wool*,    liAKMU,    llKKISI'-nKUMIIHK, 


INSULATMM  BUILDING  BOARD 


TEN  .'TEST  iHiMiunufaetured  lumber  made  from  Mpruee  Jibivrt,  nolielly  prcnwil  under 
hydranlie  pnntwuro  into  a  Mtrnng,  hmtutgeneotiH  hoard.  The  fibre?)  arc*  ehenne.illy  treated 
and  wati*r*pr<K»fc*d  during  proretm  u[  niantifarturt*,  until  the  itiHulaliou  in  noti4iyKVn«ropir, 
free  from  capillary  attraction  and  snotaturp-reMisting  in  HIT  vice  commenmirnte  with  the 
maximum  dfgt'ff  of  inHttlation  obtainable*. 

TEN/TEST  Products 


TEN/TEST  Intufotlnft  Builtflnft 
Board.  Standard  (  insulation  for  use  ai 

exterior  iihrathutg«  interior  fininh;  between 

wall*  and  tnultT  tumn  for  sKHind  dwidening, 
Standard  Iiultinfrinl  tnnulutiori  for  refrig- 
eration arui  tht*  pr«*vrntion  of  nm(U*niia* 
tion.  Manufactured  in  ronvftiieut  mxc*i: 
4  jfl  widr  f»i<l  up  to  17  ft  long,  Ml  in,  to 
1  in,  thick  of  liuninated  to  any  detired 
thickiiewi. 

TEN/TEST  Notch  Board  PUuttr 
Ba»«»  InmtlathtK  plu§t«*r  bane  haying 
tcmgut*  tttid  uroovr  tnteflocking  joints, 
Providcff  un  rflVrttve  twnid  with  ijlaiter 
without  ti«*  of  nirtitl  lath  tit  jointf, 
Siw»;  Hi  in.  wiftaj  32  in,  ami  47 Ji  in, 
long^  Thiekneuiet  from  J4  in,  to  I  in.  or 
laminated  to  any  d<-mml  tflickneii* 

TEN/TEST  Roof  Board-  An  effective 
roof  mutilation.  Manufactured^  in  two 
nixvii:  I  x  4  ft  un<t  2x4  ft.  t  Thick neiwei 
froin  H  in.  to  I  in,  or  laminated  to  »ny 

th»cknc*i», 


TEN /TEST  Ashlar  Block*  For  interior 
decoration  and  acoustical  correction.  Can 
be  flupplied  in  a  variety  of  cleaignu  and 
Hixe»  to  hannoni/c  with  any  decorative 
ircstttnent. 

TEN/TEST  Acoustical  Tile  and 
fttneln  with  Mound  almorptioij  cociflicienttf 

ranginK  up  to  0.5H  at  512.  Specially  tie- 
HiKncd  for  churchcH,  nchooln,  audit onunm, 

theatre,  etc. 

TBN/TE8T   Moulded  and  Shlplap 

ttd^e  Walt  Pan«l«.  ("onceal»  jointa  and 
providew  excellent  decorative  treat ment* 
1'euturecl  m  widths  of  11  in,  to  471!  in,, 

lengths  up  to  12  ft. 

TEN/TEST  Moulding.  An  effective 
trim  and  finish  for  joints,  ^corners,  etc. 
Available  in  widths  of  Ji  in*  to  10  in. 

ami  lengthi  tip  to  12  ft, 

HYDRO/TEST,  Water  proof,  insula- 
ting building  board,  dwipned  particularly 
lor  tow  temperature  requirements. 


Official  Tests 


Conductivity.  TEN /TEST  lm«  u  con- 
ductivity of  O.&'Httu  (w^hour  txsr  iKjuare 
foot  \vft  degree  I;Hhreuti*ftt  \x*r  I  In,  thick, 
Authority:  Pmfwwor  K.  A.  Allcut.  M,  Sc, 
M,  I,  Mrch,  E,  Mrm,  A.S.M.K.  Frpffiior 
of  Applied  Mechanics,  University  of 
Toronto.  Test*  pcrfornwd  by  I  lot-Plate 
method.  Meiui  temprrutttrr  47*8  d«»g, 

Fkit«r  Bonding  Str«ngth  2103  ll> 
per  •<]  ft*  Brown  and  scratch  plaster 
coats  wen*  iippliecl  tot  stancla/d  K^  «*• 
board,  and  thi*  pull  n*gi«ter«*d  in  an  ()Im<n 
Testing  Machine**  Authority i  Columbia 
University  Testing  Laboratories,  New 
York, 


Moisture  Resisting,  TEN/TEST,  after 
complete  immersion  in  water  forj24  hours, 

registered  37,6  per  cent  increase  in  weight. 

Tenalle  Strength  228  Ib  per  §cj  in, 
Te»ti  mtule  on  Ke  »n.  boar<l  cut  to  strips 
1  In.  wide  and  tested  in  a  Richie  Tenmle 

Testing  Machine,  the  grip!  being  2  in. 
apart. '  228  It)  2s  the  mean  average  of 
•even  sericn  of  tests* 

Transverse  Strength  (equal  deflec- 
tion) t«  28.4  Ih,  T«t  made  on  Ke  jn. 

board,  6  in,  wide,  IS  in.  long,  on  12  jn. 

centers,  and  loud  being  applied  to  breaking 
point, 


NOTK,     Authority  for  tensile  strength,  tranitverHe  and  momture  tents;  J,  T, 
Donald  ^  Co.,  lltd,,  (lieinical  Analyst*  and  KngineerH,  Montreal,  Que, 
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Johns-Manvllle  Pipe  and  Boiler  Insulation 

J-M  Asbeato-Spon&e  Felted 
Pipe  Insulation 

Recommended  on  all  high  pressure 
steam  piping  at  temperatures  up  to  700  F 
where  insulation  may  be  subjected  to 
rough  tisane  or  where  maximum  efficiency 
and  durability  are  desired,  Furnished  in 
3-ft  sections  up  to  3  in.  thick,  for  all  com- 
mercial pipe  HI/OH, 

J-M  Superex  Combination 

Superex  Combination  Insulation  (an 
inner  layer  of  high  temperature  Superex 
and  an  outer  layer  of  86%  Magnesia)  is 
recommended  where  temperatures  exceed 
600  F,  Superex  arid  Magnesia  are  both 
furnished  in  sectional  and  segmeittal  pipe 
covering,  and  in  block  forms.' 


J-M  Pre»Shrunk  Asfasstoctl 
Pi  pi*  Insulation 

J  M  I*ie  Shrunk  A»t«'Hi»Hvl  ma  radically 
im'pfmnt  inHiihiring  nuhTul  fur  hot  water 
or  Inw  pieHHUie  MftMut  piping,  which,  sincr 
if  in  iiMtie  of  ntuinjure  proofed  asbest<m 
pu|ter,  ntttthm/i'*  otifivtmnuhk*  Hhriiikage. 

Supplirtl  in  runvi«4  asbestos  paper  «r 
uluuitautii  fuuijhes.  All  typ«  furtiished  in 
3*  ft  s<*rti<itts  in  stiuulnnt  thieknttsscks  of 
2  to^  plirs,  each  ply  itpjinixiiwitely  (4  in, 
thick*  for  alt  nunntofvim  |np*»  si/cs.* 


tttrw  up 


J-M 

U<*roiutn(Mttt(*ii  a»  the*  tnont  widely 

tHm  *»fl  flu*  uroldrd  ivp<*  for  tc!m{K*i'a* 
up  |«»  (UK>  F,  !*i|H»  iunttlutiim  is 
in  wrtiunai  or  nrgincntal  form 
for  all  nimmctrml  pit***  si/ci*/  in  thirk- 
nwwH  up  io^l  in,  IlltH'kK  *ir<*  »l  in.  by 
IK  in,  ami  fi  in,  by  'M  in,,  flu}  or  curved, 
from  I  in.  to  4  in,  thirk.  Minimum  thick 
m*s«  for  rttrvrtf  bhrkw,  1  {4  in, 


J-M  PnHKhrtmk  Wool  F«lt 

Pip«  Insulation 

Due  to  its  Dual-Service  Liner  an 
asphalt -tut ur*ted  felt  -J^M  !Ve*Shrunk 

Wool  Kelt  is  ecjually  effective  and  durable 
on  either  hot  or  cold  water  service  piping. 
By  the  use  of  waterproofeti  felts,  shrinkage 
troubles  have  been  tnifjit»i/ed, 

Supplied  ii*  two  fuushes»  the  regular 
canvas  and  a  smooth,  dull-coated  alumi- 
num, In  either  fmish,  It  it  furnished  in 
3-jft  sections  in  thickneiici  of  14  ^>tM  in., 
I  in.,  Double  M  trti,  and  Double  M  in,»  for 
all  commercial  pi|K*  si/es,* 


J-M  Asbestocel  Sheets  and  Blocks 

Asbestorel  Sheets  and  Blocks  arc  used 

fonnsulnting  warm-air  ducts,  flues,  heater 
casing*  and  fan  housings  in  the  ventilating 
system.  Temperature  limit  U(M)  F*  Fur- 
wished  0,  {),  lli,  IK  and  80  in,  wide  by/M 
and  72  in,  long,  from  14  in.  to  4  in,  thick. 


J-M  Rock  Cork  Sheets  and 
InmiUitlon 


J-IV!  Rock  Cork  is  mack  of  mineral  wool 
and  a  moisture-proof  binding  ingretlient 
molded  into  sheets  for  insulating  refriger- 
utetl  rooms  and  air  conditioning  <lucts;  and, 
into  sectional  pipe  insulation  with  an, 
integral  waterproof  jacket,  for  all  low  tern- 
pentiure  service.  It  in  strong*  durable, 
and  will  nut  supfKirt  vermin.  Because  of  Us 
unusual  niomtiire  resistance,  its  high  insu," 
luting  efficiency  in  maintained  in  service, 

Furnished  In  sheets  IB  in,  by  30  In^jiri 
I  Mi  2,t3  and  4(i»,  thicknesses;  also  18  in* 

by  18  in.  by  1  in.  thick.  In  lagging  form, 
lor  curved  surface*,  supplied  18  Lit.  long 
by  I  J  £  2,  tt  and  4  in,  thick,  2  to  5  in,  wide, 
tlriKMtdinji  on  diameter,  In  pipe  covering 
form,  in  tec  wafer,  brine  and  heavy  brine1 
thtcknessitM,  far  till  commercial  pipe  sixes; 

Detail*  on  Request 

Write  fur  complete  information  on  any 
Johns"MnnviIle  insulating  material. 


Tun  (ilMu  bf  MtipftHfil  in 
r»fti  of  cttmur  j»lpr  t»r 
M  In.  umi  fufff*r> 


to  tit 
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KIMBERLY-CLARK  CORPORATION 

ESTABLISHED  1H71 

Building  Insulation  Division 
Neenah,  Wisconsin 


A  Product  of 
KIMBERLY-CLARK  CORPORATION 

iUMSUL*,  manufactured  by  the  KIMHKKLV* 
CLARK  coRFORATtON,  is  a  wood  fibre  prod- 
uct, made  in  long,  flexible  blankets  com- 
posed of  many  creped  layers  or  pHc«,  pro- 
viding a  maximum  number  of  dead  air 
cells  for  efficient  insulation.  Being  flexible* 
and  extremely  light  in  weight,  it  is  mar- 
velously  easy  to  install.  Each  blanket  i« 
stitched  with  rows  of  strong  twine  running' 
the  length  of  the  blanket]  This  unique 
feature  holds  the  KIMSUL  blanket  securely 
in  place—prevents  sagging  or  "packing 
down"  inside  the  walls. 

KIMSUL  is  delivered  in  cartons  contain- 
ing sufficient  KIMSUL  to  insulate  250  sq  ft 
in  Commercial  thickness;  or  125  scj  ft;  in 
Standard  thickness;  or  83 Js J  sc|  ft  in 
Double  Thickness. 

UNIQUE  PROPERTIES  OF 
EXPANSION  AND  STITCHING 

Expandability— Delivered  to  a  job  in  a 
compressed  form,  each  blanket  of  KIMHCJL, 
when  installed,  is  expanded  to  about  5H 
times  its  original  length  without  decreas- 
ing the  intended  thickness  or  lessening  its 
heat-stopping  ability. 

Speeds^  Work  —  Lowers  Cost—  Because 
KIMSUL  is  delivered  in  compressed  form 
it  is  easier  to  handle;  storage  costs  are 
reduced — and  it  goes  up  quickly. 

KIMSUL  blankets  are  made  in  widths  to 
exactly  fit  standard  widths  of  stud  spac- 


ing. To  apply  KiMsn,  to  Hide  walla:  using 
shipping  carton  us  a  dinpeiiwing  container, 
the  end  of  KIMSUL  blanket  it*  nailed  to  top 
plate  -blanket1  expanded  and  attached  at 
bottom -then  cut  off.  That  i»  all  there 
m  to  it, 

Stitching  Controls  H/tciemy  Each  blan- 
ket of  KIMSUL,  before  be  ing  compressed,  is 
Htitehed  its  entire  length  with  row* of  twine 
approximately  20  times  stronger  than 
necessary  to  Hiipport  iu  entire  weight. 
This  prevents  KIMSUL  from  being  expanded 
beyond  numt  efficient  deiutity,  prevents 
nagging,  and  holds  KIMSUL  .securely  in 
place. 

PHYSICAL  PROPERTIES 

/.  Thermal  Efficiency-  KIMHIIL'H  conduc- 
tivity in  27  Htu  hr/H(j  ft/'I'Vinch  (J.  C 
Peebles)  one  of  the  mcwt  efficient  heat 
"BlockadenT  developed,  'Hi is  conductivity 
Ls  at  the  extremely  low  m«t ailed  density 
of  1.5711)  per  cu  ft  ,  ,  ,  which  density  w 
maiataincd  by  the  Ht itching  feature, 

&.  Flexibility  Flexible  an  u  blanket^ 
Kiwtsur,  litHHnugly*  It  can  be  tucked  behind 
wire  and  piping,  ( moulded  to  the  «hape 
of  non-titftiulard-Hizit  openings,  pulh*tl  over 
or  around  cornera,  an<l  packed  into  cracks, 
around  doortt  and  window  frames, 

.9.  Will  Not  Shred  or  Sift  -  Each  blanket  of 
KIMSXIL  IH  composed  of 
many  crepecl  layern  or 
plu»H  stitched  together* 
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FOR  GRBATKR  COMFORT  .  .  .  SUMMER  AND  WINTER 

KIMSUL  INSULATION 


The  fibres  are  faMrned  to  onr  another  in 
each  pty  to  font*  a  Mroug  \H  flexible  web, 

J»  \jtn\tumind  F  iff  foii  slit  nt  KtMst'i, 
renist  H  water  and  tin-,  Kveti  when  exposed 
to  flume  fewt»er«ilure  of  'JNXIO  I1'.  KIMSH, 
merely  char*.  If  d*r*t  not  produce  Mjum 
tatirous  comhuMiott. 

;><  Li$»$fttif\^  At  Standard  Thickness 
(I  in,)  KJMsri,  ha*»  att  installed  density  <»l 
1.57  Hi  perett  ft,  Installed,  1000  wj  ft  of 
it  wrighw  otih"  131  llw,  ThuH  KtMsi'i,  iuUI^ 
r<*laliv«*tv  litiU'  Bright  t«*  Mrm'tural  Inml 
of  ,t  I'utMtm:- 

PROPER  THICKNESS 
FOR  AVERAGE  REQUIREMKNTS 


To  calnitutr  what 
will  fiwvitl*'  fhr  dt' 

roHlnand  tin*  hriir 


Thr 


f  Inrktu^w  of  tn^uhttion 
traltlr  Imhiiu'i-brf  wrrn 

ifn  pr(«lurr*lt  itjw  II»T» 
icm  ronrrrnirtg  th«« 
itv  nf  th*»  Himatr, 
«»  t«-  UM««l  ivrr  tin 


, 

In  in«Ht  iMHi*<H,  howi'vrf,  it  will  IM*  found 
that  fhr  Hfitiiiiunf  ot«;-im'h  thicki»'H«  ol 
,,  in  not  fiiilv  Mirticii'iit  hut  that  thin 
»«  nt*»jw  tin'  «rrati^f  proportion  of 


t*    X. 


ftK'WT  0*  I44AT  UMM  »T«W*0 

R,   ri4   VAtUf Xf,  THH  VWt.';'4  "   O* 

iM  Tf 


lu'Jit    1(»HH*'H  in   wintor,   and   tin* 
pr<tportioik  of  heat  inliltration  isi  M 

///  tilt*  tt'ttftt  <'f/,S/, 


HEAT  LOSSES  THROUGH 

WALLS,  ATTICS  AND  ROOFS 

The  effectiveness  of  KlMSUl,  in  reducing 
heat  flow  varies  homcwhat,  depending  on 
type  of  structure  innulatetL  Tin*  figure  ut 
lower  left  hhow*  relationship  between  in- 
Hulation  thk'kncMM  and  the  heat  topped, 
cxprcHHttil  an  per  cent  of  heat  flowing 
through  an  umtwulated  structure, 

Not<*  that  depending  upon  thchtructurtj 
iriHulafed,  tlu*  percent  of  heat  stopped  by 
Standard  Thick  KIMHUI,  vartew  from  54 
per  cent  to  77  per  cent, 

When  u  normal  frame  wall  I'M  eoiwidercd, 
1  in,  of  KIMHUL  wtopH  54  percent  of  heat 
which  would  br  loM  through  thcum'tuni* 
lated  wall,  By  adding  another  inch  of 
thickucMs  this  perc<'nta^e  In  tncreaned  to 
Utri  per  ci-nt  HO  tht»  second  inch  of  insulti* 
lion  in  ref*pon«ible  for  Mtopping  only  an 
additional  11  percent.  If  wall  thick  innu- 
lation  in  uwd,  total  heut  ntopped  in  only 
increjwed  to  about  73  per  cent, 

Looking  at  it  another  way  by  taking 
the  maximum  heat  htoppagc 'through  wall 
mKutittiuu  UK  KM)  per  cent  1  inch  of 
KfMHUl*  »top«  74  per  cent  of  all  the  heal 
that  can  be  wfoppnd  by  innulatiom 

So  it  is*  cvidetit  that  it  in  the  firnt  incli 
which  cloeH  the  mont  work* 

(irtiptt  shttws  haw  tff  re  lively 
i  hfdtjlnw  thnnttft 
itctttwx*  AWr  that 

prnfwrtwn  ttf  htnt  /rM'AfA* 
r»^if  */r>/'/^'/  by  ///r  Jir.\t  Inch  ttf 


rrni 


/I  tttn.it,  fawner,  / 
wind  //ml  Ato/j/'iwfl  ?fi 
ttf  the  font  ItHMx,  by  iN 
ttw//*'  tind  rtitif,  durs  nut  mam  ft 
fud  stwinw  ttf  a  lit??  nuitiunt. 
thuully  httif  tif  thr  wall  anvt 
i,v  made  w/»  t(f  i/<^f*  ttnd  windows 
and  twit  hum's  thnwgk  thettt 
must  titsn  he  wnsiitcrtd, 


*Kc«.  U,  S, 


L  l'»t,(>ff. 
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Mundet  Cork  Corporation 

65  S,  Eleventh  St.  INSULATION  DIVISION  Brooklyn*  N.  Y, 

Manufacturers  of  Corkboard,  Cork  Pipe  Covering,  <  torn  prettied  Machinery  Isolations  Cork. 
Natural  Cork  Isolation  Mats,  Cork  Tile  and  all  kinds  and  varietta*  of  Cork  Special (l«a. 

Mundet  Brandies 

^ALBANY,  N.  Y.  CHICAGO,  ILL.          *!lnnsioN,  TKXAS          Pun ,AI>KLI'!UA»  I*A, 

^ATLANTA,  GA.  ""CINCINNATI,  OHIO    *K ANNAS  Onv,  Mo,      *St,  Loris,  Mo. 

^BROOKLYN,  N.  Y.  *DALLA«,  TKXAS       *Los  ANuaKs*  CAMF,  *SAN  I'KANUsto,  CALIF. 

BOSTON  (No,  CAMBRIWSK),  MASS.    *DBTRorr,  MICH,       *NUW()KLKANS,  LA,     *SVKA«  ITSK,  N,  Y, 

[ ""Agencies  f or  Keasbcy  &  Matliwm  Awhcattm  and  Mugncwu  ln«iilutinu  Products  for  Hi«h  TrmprTattiroH) 
Mundet  Distributors  arc  Located  In  the  Following,  Clttav  ""Nuiiu'M  itiul  A<l<ln*niw»im  on  Re<iuf*t 

AMANA,  IOWA  HARTFORD,  CONN.  OKLAHOMA  <*nv,  OKLA.  SKA ULK,  WASH 

BALTIMORB,  Mo.  JOHNSON  CITY,  TKNN,  PORTLAND,  OKKI.ON  Tt'cwiN,  A«w. 

BtwifALo,  N.  Y.  MKMPIUS,  TKNN,  PROVIDUNCK,  K,  1.  Tt't.sA,  OKLA,. 

CHAKUOTTE,  N.  C,  MINNKAPOLIH,  MINN.  RICHMOND*  V;A.  THCA,  N.  Y, 

CLEVKtAND,  OHIO  NASHVILMC,  TlCNN,  ROOIIKSIUK,  N,  Y,  Y«»lNlrStl»WN#  ( )1I1O 

DENVER,  COLO,  NORFOLK,  VA,  SALT  LAKK  (Inv,  UJAH 


Mundet  44Jolntite"  Corkboard 

--for  all  low  temperature  insulation  and 
for  acoustical  correction.  100%  pure 
cork,  fabricated  in  accordance  with  l).  S, 
Government  Master  Specifications  and 
unsurpassed  in  its  field,  Sold  in  standard 
12  in.  x  36  in,  sheet.  Standard  thicknesses, 
}4  in.,  1  in.,  I  Yi  in.,  2  in.,  8  in.,  4  in.,  6  in. 

Mundet  "Jointite"  Cork  Pipe  Covering 

Shown  below,  with  fitting  cover.  Pro- 
tects all  types  of  low  temperature  lines. 
Made  in  3  thicknesses,  with  complete  line 
of  standard  covers,  suitable  for  pipes 
carrying  sub-zero  to  50  F  temperature, 


Section  of  Mundet  Moulded  Cork  Pipe,  Covering  with 

Filling.    The  pipe  covering  is  made  in  sections  SO  in. 

long,  to  fit  all  sizes  of  pipes, 

Mundet  Cork  Vibration  Isolation 

Machinery  vibration  encountered  in 
heating  and  ventilating  work  is  effectively 
•controlled  by  the  use  of  Mundet  Natural 
•Cork  Isolation  Mats.  These  consist  of 
'blocks  of  pure  cork,  held  together  within  a 
zrigid  steel  frame  or  bound  with  -  asphalt 


paper  applied  with  hot  niphnlt  top  and 
not  torn*  Mundet  steel  bound  mats  are 
usually  used  under  exposed  mounts;  as* 
phalt  paper  bound  mat  A  under  concrete 
foundation!)  of  the  envelope*  type.  Mats 
are  made  to  fit  under  any  type  of  machine 
foundation,  For  loacln  exceeding  2000  Ib 
per  scjunrc  foot,  we  manufacture  Mundet 
Machinery  Isolation  Cork*  which  w  a 
board  form  of  romprertW'd  granulated  cork, 
available  in  3  rlcrmitifH.  All  typw*  of 
isolation  are  tarnmhi'd  in  1  in.»  l]*j  in,, 
2  in,,  3  in,,  4  in.,  and  OJn. 
depending  on  da«H  of  «crv»*o, 


Abtnte  Unitr-tifi  ttf  Muntltt  Natural  Cwk 
Mat  xktwx  htntt  Ifw  htQckx  uf  ttifk  «f^  hdd  tn\ 
within  a  Mm  frame* 

Engineering  and  Specification  Service 
Our  engineermg  department  IB  at  the 
Hcryicc  of  Architecta  atul  ICngineera,  to 
asBiHt;  and  advise  in  the  preparation  of 
specifications  pertaining;  to  cork,  This 
service  m  also  available  without  obligation 
to  any(  one  who  hafl  a  low  temperature 
insulation  or  a  vibration  isolation  problem, 
Our  complete  catalogue  is  filed  in  Sweet's 
Architectural  Catalogue  and  will  be  sent 
on  request.  It  is  replete  with  information 
and  data  of  value  to  every  specification 
writer  whose  field  touches  our  products, 

Mundet  Contract  Service 
Covers  the  complete  installation  of  our 
products,  in  accordance  with  best  estab- 
lished practice.  Divided  responsibility  is 
avoided.  All  materials  and  workmanship 
are  guaranteed. 
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The  Pacific  Lumber  Company 

PALCO  WOOL  INSULATION 


a  A  K,  Wiu'krr 
Can  A«T() 


522ft  WIMilrr  Blvd. 

LuH   ANtiKI.KS 


2  Hunt  42ml  St. 
Nicw  YORK 


WHAT  IT  IS 


PALCOg  WOOL    in    a 

lo<wf  fill  insulating  ma- 
terial made  from  the  bark 
of  the  Redwood  tree,  the 
protective*  covering  of  the 
world's  oldest  jiving  thing, 
It  in  highly  refined  into  an  TWAM  MABK  " 
insulating  material  of  light  weight,  wiry 
fibre*  of  springy  rtaiitienee.  Recent  im- 
provement! in  'manufacturing  haw  made 
it  clean,  dust  less  itnd  lighter  in  weight.  In 
practical  use  PALCO  WOOL  hut  proved 
to  be  ideal  for  all  typcit  of  construction, 
large  or  ttmall,  where  resistance  to  conduc- 
tion of  heat  in  required,  It  is  continuously 
efficient  and  reasonably  priced,  thus 
assuring  economical  performance, 

USES 

I*AL('<)  WOOL  in  mutable  for  an>;  type 
of  domcntic*  or  couimorctai  ronnt  ruction  a» 
well  aw  tor  the*  varitntH  typon  of  Cold 
Storage  ronut  ruction. 

INSTALLATION 

Appr<miruatr!y  ,H  of  a  Ib  of  1*ALCO 
WOOL  ii  required  jwr  *quure  foc»t  of  4  in, 
thirkncittj,  It  in  eamly  inntullw!  by  hand  or 
by  machine.  Bctwern  100  and  lo()  lb«  can 
be  njiplieii  |H?r  hour  per  man.  It  cornea  in 
bales  weighing  approximately  lOOlbit,  Sixc 
24  in.  x  24  in,  x  211  in. 

Send  for  Insulation  Marmals 

S«*nd  for  new  Hl-pngc*  booklet  H;  "For 
(\>ntfort  Savingn*1  on  Houm*  IitHulation 

or  "Colrl  Storage  Manual/1     Both  give 


comparative  chart*  and  romnlete  infor- 
nmtton  on  PAL(X)  WOOL.    !«rp«»  wunplc 


INSULATION 


8  PROPERTIES 

that  make  it 

AN  IDEAL 

INSULATION 


1.  Thermal  Efficiency:    The  estab- 
lished conductivity  of  PALCO  WOOL  is 
,26   Bin  per  hour  per  »q  ft  per  inch  of 
thickness  per  degree  F  difference  in  tem- 
perature by  the  Flat  Plate  Method, 

2.  Non-Settllnft:  The  fibres  of  PALCO 
WOOL  possess  auch  resilience  that  no  set- 
tlement in  a  wall  can  occur  under  the  most 
wvere  conditions  of  vibration, 

3.  Moisture  Resistant:   The  fibres  of 
PALCO  WOOL  are  entirely  lacking  in 
capillarity  and  have  little  attraction  for 
moint are,  enabling  it  to  remain  dry  and 
ellicient  when  in  use. 

4.  Permanent:     The    inherent    unti- 
iwptic  <|ualhic»  of  PALCO  WOOL  make 
the  existence  of  fungus  impowible,    The 
fibres  retain  their  resilience  indefinitely. 

5;  Vermin  Repellent:  PALCO  WOOI- 
is  distasteful  and  repellent  to  rodents  and 
insect  n. 

t  6.  Fire  Reeiatant:,  PAL(*O  WOOL, 
like  the  Redwood  bark  it  COIIICH  froni,  is  in- 
herently lire  rrrtirttunt,  AH  an  additional 
protection  it  IH  tiuferised  to  make  it  flame- 
proof, 

7-  Odor  Proof;  PALCO  WOOL,  is 
odorless  itseslf  and  does  not  absorb  or  give 
off  odors, 

^  8.  Economical:  PALCO  WOOL,  is 
light  in  weight  and  low  in  density,  offering 
exceptional  thermal  efficiency  per  dollar 
invent ed,  ( V)W  st^t^  /t t>r>iifnt{nn 
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NEW  YORK 


The  Ruberoid  Go. 

INSULATING  PRODUCTS 

Ex«cutlv«  Offices 

500  Fifth  Avenue,  New  York,  N* 

ijonnf  OJV1CMI 


MOttlMC 


MtNNKAI'OI.m 


86  per  cent  Magnesia  Sttiional  Pi  fit  Coloring,  A  n  00 
ttpted  standard  for  gMarat  industrial  pipt  insulation. 


The  desire  for  increased  efficiency  of 
heating  equipment  as  well  as  the  need  for 
fuel  conservation  prompts  the  engineer  to 
seek  the  product  that  provides  him  with 
the  most  economical  operating  plant.  The 
following  Ruberoid  Insulating  Products  are 


tabulated  to  enable  you  to  choose  quickly 
the  one  Cor  the  correct  purpose.  Greater 
detail  and  description  are  provided  in  the 
Ruberoul  Catalog  on  "Heat  or  Cold 
Insulating  Product!,"1  which  will  be  sent 
on  request. 


Product 

Temp.  Limit 

3uss*l«iU* 

Hi-Temp 

Pyrfelt 

to  1600  F 
to  1000  F 

Protective  inner  layer  for  low  tomper^lufe  innultftan** 
Brccchings  and  flues    -  witkstiitwJs  vibrfttinn. 

Sponge  Felt 
85  per  cent  Magnesia 

to  750  F 
to  600  F 

For  vibrtlinf  f>ip«i  »nd  undbrfrouwl  insulation  -  -  «xt  vlUnt  dllict«ney. 

Combine*}  «mti«ncy  and  r«AMntiiile  fa*l  '  -  tttfiw&l  ii««  in  tudlMtrift}  work 

Imperial 
Watcocell 
Air  Cell 
Woolfelt 

to  500  F 
to  350  F 
to  350  F 
to  180  F 

For  Lrmiwrary  lines  thftt  r«quir<  «A«t«mry  an4  eccfinlntttl  rrm«.v«*l  (if  m»yktion. 
For  &  low-cost:,  medium  p«»fturit  i«dustri«l  st«*m  lirw« 
Standttrd  insulation  for  rc>sid<mlUftt  ptpei). 
For  cold  and  hot  water  lirxsa,  BecommcrvdB*!  mfmm\\yl  w  «if  *  oitidilianing  work. 

Anti-Sweat 

to  120  F 

For  cold  wfttor  linea  to  prevent  cand*ni«t,i.«n. 

Fro»t-proof 

30  F  to  100  F 

To  assist  in  the  pr  evtrntton  of  lr«tttnf  in  t  ir<  ulating  WAdfH1  ptp«»  rsfmapd  to  cold. 

Air  Celt  Pipe 
tow-cost  injutotfon  far  rtsi- 
dcntial  use* 


Wool/tit    MM    Covering-* 

For  thi  inmlatitm  tif  p»p«tt 

&arrying  hot  w  cdd  wat^r"-* 

also   prevents   condensation 

under  normal  operating 

conditions. 


Sheet  and  Block  Insulations 

All  of  the  above  products  are  also  made 
in  sheet  and  block  form  to  whatever 
thickness  may  be  required,  Standard 
sizes  are  usually  6, 12, 18  or  36  in,  wide  x  36 
in.  long.  In  this  form  they  are  used  for  in- 
sulating flat  or  irregular  surfaces,  such  as 
tanks,  breechings,  furnaces,  etc* 

Insulating  Cements 

For  the  finishing  of  sheet  and  block 
insulation  and  the  insulating  of  irregular 
surfaces,  such  as  valves,  unions,  flanges, 
etc.,  the  Ruberoid  line  of  insulating  ce- 


ments IB  complete.  This  group  of  plastics 
not  only  mm  as  its  base  asbestos,  but 
also  takes  advantage  of  such  excellent 
natural  products  as  magnesium,  mineral 
wool  and  Vermiculite, 

Asbestos  Cements— Factory  Prepared 
—Grades  AA,  A,  HP. 

Asbestos  Cements- -Mine  Run- 
Oracles  115,  214, 

Magnesia  Ceinent~-85  per  cent  Mag- 
nesia. 

High  Temperature  Cement— Grade 
ILT. 

Mineral  Wool  Cement— Grade  R-W. 

Vermlcu  lite    Cement—Grade    A- 11 . 
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The  RabcroiJ  Co. 


Insulation 


RIT*BER»OID  Asbestos  Insulating  Papers  and  Millboard 


Asbetto*  Ptjwr 
Made  of  pure*  unbent «« 
fibre  ami  intuit  fwrccint  age 
of  binding  material*  !*<m- 
nciuwfl  uitufiual  strength, 
Thin  fine  fire-TftiiiJtmg 
tihcef  may  bf*  obtained  in 
g,  10,  12,  14,  Wand  32  Ib 
weighs  ranging  in  thick 
m'HMfromO.OIf)  to  (MMWft 
or  h  it  in.  Roll*  IK,  "24  and 
36  in.  wide,  weight  /SO  or 
KM)  Ib,  Color,  blur  white, 


Atbettoft 

Corrugated  Paper 
Made  entirely  from  high™ 
t?»t  cjuulity  aiibefitofj  felt 
pftjjer  by  cementing:  flat 
tiheet  firmly  with  a  M  in, 
corrugated  nhcet  which 
form*  dead  jur  nimccH, 
Flexible,  Kfticirnt  for  in- 
milating  hot  air  pipe*  and 
duet  a.  30  in,  wide. 
Weight  approximately  411 

ib,  250  « i  ft, 


Millboard 

Millboard  ii  a 
rigid  insulating  board 
made  of  high  quality  ui- 
betftos  fibre*  and  non- 
organic  binder,  Mai 
exceptional  strength  and 
whilcncHfi*  Cut*  or  drill* 
ttamly,  Standard  or  em- 
boiwcd  fininh.  I'or  ttm- 
t)crat  ure«  to  1 100  F, 
Sheet  H  4*2  x  4K  in ,  Vartoun 
and  weights. 


RtMJER-OII)  ROCK  WOOL 


M««*  or  Fill  Type 

Thin  indent  ruetibU*  w*«tl 
in  an  efficient  tnmtlatjng 
material.  Abnolutely  ftrr* 
proof  ,  vermin  prtxtfuml  inert 
towanl  mointure,  Afford* 
exeetlent  nouml  'deadening 
and  lumtitictd  qtiii!$ttr»i 

KU.HHK-.on>  Krafliiw! 
Rock  Wool  Hal  ft  itrc*  care* 
fully  fabricated.  They  tire 
well  tailored*  uniform  and 
eiwily  handled^  They  are 
clean  and  nufltcientty  denne 
to  prevent  during  and  *Ie» 
tenoratioiL  Mach  bat  in 
barUetl  with  a  mointure* 
ifit  ptijrr  thitt  pre« 
the  infiltration  of 
into  the  imiutated 
Ktl-UKK-OH)  Krai- 
lined  liati*  proviile  "four 
flap"  protiTtion  -  each  edge 
having  an  extension  that 
allow:,  adjottkitiK  Imtn  to  bi* 
covered  preventing  any  ex- 


jx)ws<l  Hcam,  thus  effectively 

rental  ing  the  vapor  flow. 

Recommended  for  all^oc- 
poued  ftpncoM,  «uch  an  «itle» 
wall*  of  new  hou«e»or  under 
the  roof(  either  in^the  roof 
raf  ten  «*r  t  he  floor  joint  over 
the  top  floor  cttilinp,  Hat* 
without  the  Kniflioer  run 
be  furninhed  if  desired, 


^ 

are  itiiuluting  unit.** 
x  15  in,  that  can  bt 
fluffed  up  when  applied  to 
nearly  till  the  ntudtltng 
Hpac.e.  Furniihei!  in  cur- 
toiti  weighing  *2R  Ib  con- 
turning  *2(!)  pade  that  Mhoulcl 
cover  20  nq  ft  area, 


t  Haf, 


<*runulated  Rock  Wool  in 
alno  available.  Furnished 
in  paper  bag*  containing 
Jif»  if*  each. 


1*  tn,  x  2t  itt,  x  w«lt  thH'kn^K    ,.,,.,,,,,.,,,,,  H  h»i»-  -19,1ft  w|  h  27  Hi 

II  in,  x  2i  in  M  2  in,  thick  ......  ,  ...........  ,12  Uu  -  2U.75  MI  ft  K)  lit 

t  fi  in.  *  4K  in,  N  w»H  thicknw*  ................  .  1  lmt»  -  21      MI  ft  45  Iti 

I  *k  m«  K  4H  in,  x  2  in,  thirk  ,,,.,.,,,  .....  ..,,.,,  ft  lints  •  Ml      m\  ft  45  Ib 
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Reynolds  Metals  Company,  Incorporated 


Federal  Reserve  Bank  Building 
Richmond,  Virginia 


NKW  YORK 


CHICAGO 


SAN  FRANCISCO 


MtNNKAl'OMM 


Lorisviu.K 


REYNOLDS  METAL  INSULATION 


U'JIJIHIM 


PRODUCTS 


DESCRIPTION 

Reynolds  Metal  INSULATION  con- 
sists of  KGtiuine  sheet  aluminum  foil 
cemented  to  both  aides  of  tou^h  kraft 
paper  and  IB  furninhed  in  rollH. 


fetal 


CHARACTERISTICS 

Reynolds  Metal  Insulation  is  waterproof,  windproof,  vcrminprnof,  and  n«m*a!>Horp- 
tivc,  It  is  light  in  weight  and  flexible,  yet  stilt  enough  to  conform  to  .mules  and  curves 
when  not  under  tension  or  suspended.  Itw  heat -storage  capacity  in  m*^Uj4il>tr,  owing  to 
its  light  weight  and  limited  mass.  The  aluminum  used  retains  tt«  reflectivity  under  all 
normal  conditions,  as  the  surface  is  protected  by  a  transparent  oxide  which  forms 
immediately  on  exposure.  Tests  conducted  by  Prof.  Gordon  B.  Wilkw  on  Reynolds 
Metal  Insulation  exposed  to  laboratory  fumes,  moisture,  dual  and  wilt  water  atmosphere 
show  that  visual  brightness  is  not  essential  to  good  performance.  Aged  and  soiled 
material  maintained  reflectivities  from  87.5  to  04,6  per  cent, 

Reynolds  Metal  Insulation  will  not  absorb  moisture;  therefore  itn  mutilating  vatlue 
is  not  affected  by  water  or  water  vapor,  An  absorbent  material  loses  in»utuling  value 
as  its  moisture  content  increases, 

INSULATION  VALUES"  TYPICAL  CONSTRUCTION 


Description  of  Air  Space 
Formations 

Numbor  of 
Air  SpuccH 

Position  of 
Insulation 

lltftt 

Flow 

*U 

lunct 

®  —  Uninsulated  single  Air  Space 

1"  "  

Horizontal 

""(Up  "" 

0,15 

0,27 

I—  Air  Space  faced  with  Single  Mounted 

2 

Horizontal 

Down 

0,08 

0,10 

Foil 

3 

Horizontal 

0,12 

0,17 

2  —  Air  Space  divided  in  two  with  one  layer 

3 

Horizontal  _ 

Down 

0,06 

0,07 

Double  Mounted  Foil 

(0 

No  InBulfttion 

0,26 

1,32 

3  —  Air  Space  divided  into  three  with  one 

„ 

layer  of  Double  Mounted  Foil  and  one 
layer  Single  Mounted  Foil 

2 

'  30°  Slope 
30°  Slope 

"UP" 

Down 

0,16 
0.11 

"'  0.25" 
0  15 

In  t  all  cases  the  Air  Space  faced  with 

3 

30°  Slope 

0,12 

0,17 

Foil  is  %  in.  or  over 

3 

30°  Slope 

Down 

0,0« 

0,10 

*U—  -Transmittance   in    Btu/sq.   ft/hr./F. 

ft) 

No  Initiation 

0.34 

1,25 

(Inside  air  to  outside  air)  with  a  15 
mph.  wind  velocity  outdoors 

1 
2 

Vertical 
Vertical 

Out 
Out 

0,15 
0,12 

0,34 
0,21 

t—  Air  Space  conductance  in  Btu/sq,  ft,/ 
hr./F.  (plaster  base  to  sheathing) 

(0 

Vertical 
No  Insulation 

Out 

0,09 
0,23 

0.13 
1,06 
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The  Standard  Lime  &  Stone  Company 

National  Bunk  Bulkllnft  XTX  Baltimore,  Maryland 


i  of        I  fJmil   i       I'Yanchiaed  Distributors 
Capitol  Rock  Wool       V  mjjkj  in  all 

Horn*  !n*ulfttlon«         x^!?7  Principal  Cltien 


Tin*  Standard  Liw«*  and  Stonr  Company,  |troinim*nt  in  the  Imildinu  material  industry 
'<<  INKS,  titanuiartuifw    CAPITOL  koCK  WOOL  INSULATIONS,   all  typew  of 
product*,  fluxing  and  minht-d  MOW,  Capitol  Portland  (Vment,  etc, 
i'ir  n«'\v  JWKYHH  <if   lu.inul.ulurinK,  <  \ipiinl  Uurk  Wool  pr<«liurHU  ivfuUMl,  longer, 
llrxil»l<f  fil«l«*    rvnuliinii  iu  itu'rtMHtMl  inmitiiliiiK  d'iinency, 


K<K-k  Wool  in   Kxintinft 

<M-k  \ViM;»!  Cinnlr  "A*1 
!M  pMMUiwtu'atly  jtiinnlurr<l  into  tin1  wall  air 
»purfiiiii<t  liflwwtt  ruftcm  or  jj»mjn  itt  roofn  nr 
nttic  S<M»r»*»f  4»xi»lin^  hotum.  Thin  "hhiwing" 
niethcxi  c»f  iiwtidlattoti  in  iipplinthlr  l<»  unv 


vc»t*rr,  Mtimi  *»r  half  titniH*rr«L  Tin*  inntal- 
iHtittn  lca\'rn  no  vwittlc  trilt»il«*  ttmrkit,  J;ni*i- 
rhiwil  hlotviiiK  rniUfarlui'w  itmtafl  (*apifol 
KtK'k  W«M»l  in  mrnnUwT  with  ihe 

' 


hit  ion 

Capitol  K«x!k  Wool  in  Nt*w  Struc!uri*ii 

In  ihr  print,  nrtt  li*MiH'»or  liuiittit^H  v\n*4  itinti 
latc<!  .if  thr  fim*'  of  nnlion  liv  platujg  pit* 
fai)ruM(«Ml  hatffi  twiwrrn  thr  MiuldinK  at»H 
bet  wwn  n*of  faffrrs,  Uowwi,  inany  nrw 


pneuni.it  irally  iiwialtiiiK  ("apttof  Clradi*  "A1 
HlowiiiK  FibtT  allrr  $lu*  M'rafrh  r*«af  n! 
in  a  pp)  ici!. 


Mtthnd 

<;AF  ITOL  KOCK  WOOL  BATTH 

Moi»tur«r  Proofed    Spwial  pr«KT«winK  rtMiilcru  fibrc« 


farr  of  thr  tmtlM  aRainrt  mowtuw  fntiu  wot  planter  and 
pxt'i-Hnivo  intrri*^  httumlity,  T**«tt*(l  itu*iul»rattt*  !H  c*n- 
rlow^l  wpanitrlyinriH'lM'artoM,  If  in  I7ruin.  widound 
of  nudirit'iit  U*tiRth  to  «ivc*  a  wtiooth  roittitniouM  w«*m* 

branr'jH'ntrrN'd  xurfan*  without  open  jointM,  Tacking 
"»  inm'k  and  i%wy, 

Cutu  <ioit  Capitol  H,itt«  art*  «*im>nRid  made  in 
mw  mn\  15  in.  x  24  in,  Thin  HCMiii»riuid  frature  iKtrmitn 
"*pri»»K  fit*4  U*tw(*«*n  framing  nwnimrro  Mpanul  either 
H!  in.  or  24  in,  on  renU'W,  l-'lawty  rut  to  fu  trrcgtihtrly 


nawd  Hputrfl. 

Two  Thickiwitei  t  Wall  thickntfwt,  for  uiuximum 
rtltrirnry,  al»»  "2  in.  fhirktum 

P«rtnmn«n«iy    All  Capitol  Hark  Wool  ProdurUttre 
pcrtnanrnt  ,  i»on-<lct<'ri«»ratin|<,  Th«?y  bring  lit«tinjc»  ycitr- 
/iiir/i      fmill<1  «*«»»t^»«     fiff  protertKin  to  the  hotw,   I'ucl  wv- 
limn  ultinwtfly  rHurn  tin*  invwtment  many  ttmw«v«r, 
CAPITOL  ROCK  WOOL  IS  EFFICIENT 


ThtMlc'a«l-mr  it'll  »tru<'tur<*  of  Capitol  Kirk  Wool  virtually  elimiimt«|  the  t  raniiini 

of  heat,  and  nouml,    In  addition    CAPITOL  HOCK  WOOL  WILL  NO  I  BURN, 
Jtond  for  Catftlojt*  and  H*mple«  of  Capitol  Hock  Wool  Home  Insulations. 

41  Look  lor  the  Capitol  Dome  on  tvery  p*ckaft«." 
HIHl 


United  Sfato  Gypsum  Company 


Insulation 


Wi*«therWiM>d  Til*  Thiekneuwsof  l$t  *i  and  1  in, 
inthelnllowm«w/en!  12  x  12  in,,  12  x '/I  in,,  Wx  Him,, 
24  x  24  in.,  IB  x  32  in,  ,tnd  '24  x  4H  in,  *I'he  "Ouee" 
<lcwKi»,  on  att  edu.es,  pro«(uce*  a  result  comparalue  to 
that  %ere  a  completely  continuous  sinujc  piece  of  hoard 
utMkd  and  likewisi*  enhance*  t he  de(*(»r,itive effect,  Naili'd 
"l^limf"  to  construction  in  new  building  or  they  may 
alno  be  ci«menled  o\er  pUstei  to  both  redecorate  and 
•  insulation  \alues  in  existing  buildtn^n. 


INSULATION 


W«ath«rw<M,>di  IniulitXn^  i^ttfh    Adds  alt  of  ttu*  purpoHw  of  a  gooil  huh  to  !  i  in.  of 

WCKK!  filyer  fKMtrd  inntitnf  ion,  i%itc"h  jiterf  in  IK  x  4K  in,  long,  The  long  edges  have*  a  meet 
reiriforriiw  nirinlirr  (opt  tonal),  which  tin*  planter  completely  wirroundw,  redurin^  pow* 
iihitilim  of  crackn  lit  t»''}«itptf«  hrtwrrn  adjacent  hoardw,  'I  he  excellent  bond  between 
the  fihroun  twntffl  l<ir«»  and  th<*  planter  Hitninatoi  any  nemmity  for  planter  key»,  wiving 


xt  Sh«nthltiA  ,  Manuiactuml  in  piece* 

2  ft  x  H  in,  «wlt  aA}igi  HI.  thick,  with  ihe  ton^  edneH 
t«»ngti**d  and  ^rtwivrd  for  hori/ontal  attoticittiott  at* 
niuuuhitiK  ittaierut  to  the  exterior  walln  of  frame  build* 
inx*<  Both  MIC  ten  and  *dl  edxeii  art*  anptult  coatecl, 
makinx  th*  hiwnt  hixhty  water 


47  in,     'jj,  l»  l?'j 
»,  m/f  are  nuppliod 


t  in,  tWek.     Alt  but  the  *'j 


laittitiated,  and  may  be  obtained  with  wjuare  or  "fthip 
liippfd*'  nlKW, 


WtnthrrwtttHl 


Lnth 


REFLECTIVE  INSULATION 


Rocklttth    Thw  urjivrrwtlly  uw*^  planter  bu«  i«  al«o  ^available*  with 

highly  pofwhed  uttimifuint  foil  hack,  jiUKmenttntt  it«  well  known  firrprooftn^  and 

struct  tiral  quiditiw  with  rwtl  innutitfum  vahie  at  very  utight  additional  «JOH(, 


%Sh««trock  •  VVhrre  unit4  or  tlry  wall 

are  uw?tt  for  the  interior  fminh  hwuliiting 
Sheet  rock  in  ftn  i«.  «ir  14  i«.4  thicknew  eotnhinei  hi 
with  thow?  of  aUuttiuum  foil  relied  ive  in- 
for  uw  in  exterior  wall  count  ruction  and  top 

floor 


Vapor  Hurfiem  In  exintittK  l»uitdi»K>*»  where  eon- 
<ltittnati<m  hai*  cait^d  ctidicuttien,  Iimutatinn  Khw'trockt 
applied  over  the  planter  will  nupply  a  tsiRh  cflincney 
aiumimun  foil  vupcjr  harrier  nrul  fully  rentore  the 
interior  fiuinh,  Sheet  rock  will  take  any  paint  or  wall 
paper  decoration. 


HfJlttHvi  Xnmltittan 


Insulation 


Wood  Conversion  Company 

First  National  Bank  Building  St.  Paul,  Minn. 


NEW  YORK 


CHICAGO 


TA<  (IMA 


DAI.I.AH 


BALSAM-WOOL  AND  NU-WOOD  INSULATIONS 


BALSAM-WOOL 
Sealed  Insulation 
Acoustical  Blanket 
Sound  Deacleiilnft 
Industrial  Insulation 
Refrigerator  Insulation 


NU-WOOD 

Kolor-PftHt  Tlk 
Kolor-Pant  Plank 
KoIor-FaM  Board 
Kolor-Fast  Wainscot 
Kolor-Fast  Shoathinft 


NU-WOOI> 
Lath 

Roof  Ttifiulatiot* 
Indtlitrt*! 

Refrigerator  Innuhitlon 
KOLOR-IHIM 


BALSAM-WOOL— The  Original  Moisture  Barrier  Insulation 

The  Moisture  Barrier,  which  is  universally  recom- 
mended by  engineers  and  architects,  has  been  incor- 
porated in  Balsam-Wool  for  19  years.  This  Barrier, 
improved  as  construction  and  equipment;  demanded, 
now  consists  of  double  layers  01  asphalted  kruft  a 
heavier  liner  being  used  on  the  warm  side,  Encased 
between  this  protective  covering  is  an  insulating  mat 
of  fleecy  wood  fibres,  chemically  treated  to  resist  fire, 
rot,  termites  and  vermin,  02  per  cent  of  the  mat 
volume  is  dead  air, 

Balsam-Wool  SEALED  Insulation  is  fabricated  at 
the  factory  to  a  controlled  density  of  2.2  Ib  per  cubic 
foot.  The  mat  has  a  coefficient  of  ,25  Btu  per  hour, 
per  square  foot,  per  1  degree  F  difference  in  tem- 
perature, per  1  in.  thickness. 

As  applied,  factory  efficiency  is  assured.  The 
Spacer  Flange*  on  each  edge  folds  over  and  is  fastened 
to  framing  members  with  a  staple  hammer,  assuring 
important  air  space,  front  and  back. 

Balsam-Wool  is  available  in  Jxj  and  1  in.  thick- 
nesses in  widths  of  12,  16,  20,  24  and  33  in,  -Wall- 
thick  in  widths  of  12,  16,  20  and  24  in. 

*Pat.  Applied  For, 

k  and  easy 


NU-WOOD  INTERIOR  FINISH  —  STRUCTURAL  INSULATION 


Nu-Wood  Kolor-Fast  and  Sta-Lite 
Interior  Finish  (Tile,  Plank,  Board  and 
Wainscot)  is  applicable  either  to  new  con- 
struction or  to  existing  buildings.  It  offers 
varied  and  pleasing  decoration,  also  insu- 
lation and  acoustical  value, 

Nu-Wood  Insulating  Lath  has  several 
times  the  bonding  strength  of  wood  lath — 
continuous  surface  eliminates  dirty  lath 


marks,  reduces  cracks.  V-joint  resists 
trowel  pressure  in  both  directions  assures 
unbroken  insulation  value, 

Nu-Wood  Insulating  Sheathing  is 

surfaced  on  both  sides  with  double  coats  of 
special  moisture  proofing:  compound.  Large 
boards,  marked  for  nailing  -speed  erec- 
tion—stronger, wintlproof,  insulated  con- 
struction. 
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PUBLICATIONS 


Important  to  the  field  of  boating,  ventilating  and  air  conditioning  are  the 
technical  journals,  trada  papers  and  business  publications  serving  these 
industries,  Thty  include  regular  monthly  editions,  special  annual  numbers 
and  tradt  dialogs  issued  by  commercial  publishers;  and  many  periodical  and 
annual  editions  published  by  engineering  societies  and  trade  associations* 

These  publication!  art  a  year-round  source  of  information  on  the  many 
problems  involved  in  the  design,  production,  distribution,  operation  and 

maintenance  of  heating,  ventilating  and  air  conditioning  equipment,  and 

related  problem!  In  refrigeration, 

In  editorial  content  and  in  their  advertising  pages  are  given  a  comprehensive 
review  of  developments  in  their  respective  branches  of  the  industry,  By 
means  of  scientific  and  technical  articles  they  disseminate  information  of 
valut—  they  provide  valuable  data  for  the  engineer,  practical  helps  for  the 
production  man*  and  it!o  serve  the  distributor  deafer*  contractor,  and  the 
operating  and  maintenance*  man. 

PUBLICATIONS  (p.  1086-1096) 


ttidt  p^@ri  ftrvlng  t  Ipteific  branch  of  th*  Industry,  gtntril  publications 
th«  bro«4ar  li«ld  of  tH«  tntiNt  Jndwitry  »nd  profession;  and  technical  publics 
fioni  providing  tfct  «f#ti  fttctlliry  for  icittfltific  development  of  the  industry. 

Many  publications  compili  market  statistics  and  provide  mtrchandifing  sug- 
gestions for  their  readers.  These  services  art  of  value  not  only  to  their 
readers,  but  art  important  to  manufacturers  who  advertise  their  products  in 
th©  pages  of  these  publications. 

Consistently  read-—  and  their  contents  corrditud  with  private  and  govern- 
mental data  on  development  and  distribution  of  heating,  ventilating  and  air 
conditioning  equipment-  these  publications  afford  a  comprehensive  under- 
standing of  the  problems  and  progress  of  the  industry  n  a  whole. 


lOHfi 


Publications 


232  Madison  Ave. 


Chicago 

A,  F.  DKUJAUO 

025)  KorreBt  Ave. 

ICvsuiHton,  111. 

Univcrwity  7550 


Lex,  2-4506 


San  Francisco 

DON  HARWAV  K*  Co, 

If»5  Montgomery  St. 

Kxbrook  0029 


Baltimore 

Cantller  KM*, 
t'ltua  70M 


New  York,  N.  Y. 


I,  <>s  An  ti 

DON  HAM  WAV  &,  Co, 

HIM  W,   Ninth  St, 

Tucker  0706 


in 


Established  in  11)28  as  "OIL  IIKAT",  this  paper 
covered  the  manufacture,  sale,  installation  and  Mervicmg 
of  oil  burners  its  first  7  years.  In  1935,  it«  title  wan 
changed  and  the  editorial  content  expanded  to  cover  air 
conditioning  and  heating  also.  This  inspired  and  kept 
pace  with  the  field  itself, 

Oil  burner  manufacturers  and  dealers,  being  progres- 
sive in  both  merchandising  and  technical  problems, 
dominate  air  conditioning  in  many  sections,  Oil  fired 
heating  and  air  conditioning  has  grown  steadily  in  public 
favor.  2,300,000  burners  are  now  operating  in  the  U.S.A. 
and  our  readers  are  servicing  them. 

Of  the  13,258  oil  burner  dealers,  7181  handle  air 
conditioning.  We  reach  them  and  also  fuel  oil  dealers, 
heating  contractors,  accessory  jobbers,  manufacturers, 
etc.  Member,  CCA.  Total  Average  Edition  shown  in 
Nov.  1940  Report:  10,558  Copies. 

Subscription  price:  $3  a  year.     Issued  monthly. 

Many  fine  booklets  and  reprints  are  available  at  small 
charges  on  all  phases  of  oil  burners,  heating  and  air  conditioning, 

Advertisers  and  this  paper  a  profitable  advertising  medium.    We  alno  have  a  <4 Direct 
MailJService"  covering  our  readers  at  low  cost:  for  advertiftewu 


Circulation 
tfa  FfoJdf, 

10% 

and 


BEACON  BOILER  REFERENCE  BOOK 


Contains  data  on  7110  Mealing  Boilero  and  Boiler- 
Burner  Units.  Up  to  2000  0q  ft  Steam  and  Equivalent 
Hot  Water*  Covers  195  makes  of  old,  new  and  obsolete 
boilers.  (405  trade  names), 

554  pages;  \%  in.  thick;  8J^  in.  x  5M  in.  Handy  for 
pocket,  desk  or  brief  case.  Eliminates  bulky  files. 

$3.00  per  copy;  $3,25  if  sent  COD, 

A  necessary  reference  for  everybody  working  with 
heating  boilers  and  boiler-burner  unita.  Data  include 
ratings,  firing  rates,  combustion  chamber  measurements, 
heating  surface,  floor  area,  base  height,  chimney  and 
smoke  pipe  data,  etc. 

Also  given  in  the  listings  are  the  trade  names  or 
numbers  of  the  various  series  made  by  the  manufactucrs; 
in  most  cases  of  older  boilers,  the  date  of  the  catalog  and 
whether  it  is  obsolete;  location  or  disposal  of  manu- 
facturer; in  many  cases  the  source  of  parts.  Shape  of 
boiler,  and  whether  steel,  cast  iron,  etc*,  also  given. 
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American  Society  of  Refrigerating  Engineers 

37  West  39th  Street,  New  York,  N.  Y. 


ENGINEERING 


KBPKUGKRATINC   ENGINEERING'S 

CIRCULATION  inrmiwd  more  than 
20  J«T  ci'iti  during  HMO,  Long 
acknowledged  I  hi*  nmttt  authoritative 
jH*fi<xtiral  nt  thr  field,  if  ha*  added  ntcatlily 
to  the  practical  value  of  it*  cowentH,  and 
it  a  number  of  rrattcrn  han  grown  In  propor- 
tion,  A  wide  variety  of  material  w  pre- 
ftcnted,  att  from  the  viewpoint  of  iin  UHC* 
fuhtcnH  to  i  he  reader  itt  Inn  own  bumnewi, 
Up-to-date  ami  attractive  in  appeitrunce 
and  niylc,  thin  nm^i/ine  in  it  ttnmt  for  men 
who  keep  in  touch  wit  It  all  that  in  nj'W  ami 
imuortant  in  rrfr»K*'*'«i»on  aiul  air  con« 


THE  RKFKIGRRATINC;  DATA  BOOK 

THE  UKFRUiKUATIN<i  I>ATA 
HOOK  in  now  an  «»ww«»ntml  tool  in  tlu* 
rrfriK*"n$lion  nn*\  air  ronilifionin^  induH" 
trtt'H*  Hdifiofw  havt*  |MM*H  pulilintu'd  in 
1WW,  HKM,  HKIH  und  MBW,  Thr  11)40 
Edition  (Vfilutni*  I!)  JH  tnlirety  diffmnt 
from  any  pr^rriiin^  volume  If  fonnwin 
wholly  o(  practical,  how-it  -in-done  chapter* 
on  all  the  known  applications  of  air  con* 
dituming  and  reiri^cration. 

The  ApplittttitHto  Kttititnt  carrien  infor- 
tnation  of  a  HCtnitifir  aiid  pttfuilar  nuUire 
to  the  score*  of  imtuhtricH  twinK  rcfrigcT"- 
at  ion  j)r<M'eHnen,  Tlu*  IM1  chaptern  are 
dividrtl  into  neveti  main  nectioim  devote*  1 
to  fn'«*/inK  prcH't'hnen,  refr^eratton  in  pro- 


rrsniiig,  industrial  air  conditunjing,  iti" 
dust  rial  refrigeration,  commercial  refrig- 
eration, comfort t  air  conditioning!  and 
storage  refrigeratioth 

APPLK2ATION  DATA  BULLETINS 

AN  outHtatKling  addition  to  KKFRHi*- 
KKATING  ICN(iINKKUIN(;  during 
HKtjMincI  1940  wuH(thi'  APPLICATION 
DATA  HulletiitH  which  appear  regularly  in 

each  innuc,  Thwe  bullet  inn  are  awo  avail* 
able  separately  at  reasonable  prlcea  for 
Hinulc  copu*H  or  quantity  orders, 

The  APPLICATION  DATA  Bulletins 
tell  precisely  how  refrigeration  IH  used  m 
yariouH  fieltl«»  giving  oxamplen  ami  «pecific 
infornmtion  on  the  bent  practice  up  to  date* 
Them*  subjects  have  been  covered  to  date: 
refrigeration  of  locker  pluntri,  in  fur  »tor« 
age,  of  liquids,  of  apples  and  pearn,  blower 
coils  in  refrigeration,  refrigeration  in  rcn- 
taurantn,  humidity  in  refrigeration,  refrig- 
eration service  charts,  refrigeration  for 
skating  rinknr  butter  and  cheese  making, 
milk  plant**,  retail  ntoren,  Htrus  fruity  beer 
dispensing j  loatl  calculationn,  operation  of 
ammonia  muchitieH,  etc. 

CODES  AND  STANDARDS 

TIIK4  A.S.K.K,  further  contrlbutcM^tp 
refrigeration  t»rogreH»  by  its  partici- 
pation in  establishing  C(K!CH  and  HtutuUtnlft 

in  the  indiwtry,  Among  tlu*  recent  coden 
made  available  are:  No,  13-  Rating  and 
TcMting  Air  Conditioning  Equipment;  No, 
14  Knting  and  Tenting  Mechanical  ("on- 
denning  Unitn;  No,  16  Mechanical  Re- 
frigeration Safety  Code;  No,  HI  -Rating1 
ami  Tenting  Self-Contained  Air  ComUtion* 
ing  UnitMj  No,  17'  •  Hating  and  Testing 
Refrigerant  Kxpiuwion  Valvew;  No,  IB  •- 
Tenting  Drinking  Water  Cooler«,  Other 
codew  are  now  in  preparation. 

MEMBERSHIP  ACTIVITIES 

IT  w  the  policy  of  the  A.S.R.K,  to  treat  in 
itn  meetingn  current  subjects  pouching 
u|K»n  all  phases  of  the  art  of  refrigeration. 
Mcnibernhip  in  in  two  grades  with  tlwn 
from  $7,»r)()  to  $15,00*  Sections  hold  meet- 
ings iu  the  following  citien:  Hoht<m,  New 
York,  Philadelphia,  Detroit,  Chicago,  Mil- 
waukee, St,  Lotiin.  LOH  A»geh«H,  HuUiitujrc- 
Wanhinglon,  RichinotHl,^  [^itthburgh,  Cin- 
cinnati, C.levelaad  and  Katwan  (*ity- 


To  kiwp  apace  with  ftro&rw  in  refrigeration  and  air  conditioning  read  the: 
pubttcitton*  and  fallow  thi*  activities  o/  TUB  AMERICAN  SCHMTY  OF 
RRFMCKRATlMf  ENGINEERS,  37  West  39th  »SV.,  New  York,  N.  Y, 
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Publications 


American  Artisan 

Published  by 

KEENEY  PUBLISHING  COMPANY 
6  North  Michigan  Avenue,  Chicago,  III. 


AMERICAN 
ARTISAN,  now 
in  its  02nd  year  of 
publication  covers  the 
field  of  warm  air  heat- 
ing, residential  air  con- 
ditioning, and  sheet 
metal  contracting,  A 
special  section  of  each 
issue  has  been  devoted 
to  air  conditioning 
since  1932,  when  it  first 
became  apparent  that 
air  conditioning  for 
homes  was  to  be  along 
the  lines  of  the  central, 
forced  warm  air  heat- 
ing system, 

Its  readers  are  warm 
air  heating  and  sheet 
metal  contractors, 
dealers,    jobbers    and 
manufacturers,  and  also  architects,  engi- 
neers, and  public  utility  companies  who 
take  it  for  its  thorough  coverage  of  air 
conditioning  for  the  home  field. 

To  answer  the  industry's  need  for 
a  dependable  guide  to  equipment  pur- 
chases, it  publishes  in  each  January 
issue  a  complete  and  up-to-the-minute 
directory  of  warm  air  heating,  air  con- 
ditioning and  sheet  metal  products 
and  equipment.  This  directory  lists 
all  products  used  in  the  field,  their 
trade  names,  and  the  full  names  and 
addresses  of  all  manufacturers.  It  is 
used  by  readers  as  a  buying  reference 
throughout  the  year. 

Almost  from  the  day  interest  in  resi- 
dential air  conditioning  began  to  develop, 
the  advantages  of  the  warm  air  type  of 
heating  system,  with  its  duct  distribution 
of  air,  were  plain  to  see,  It  was  adapted 
to  all  air  conditioning  factors,  either 
through  a  self-contained  central  unit  or 
through  a  central  furnace  to  which  could 
be  added  step-by-step  or  as  a  whole,  fan, 
washer,  humidifier,  filters,  controls,  cooling, 
and  automatic  firing. 

Today,  as  a  result  of  this  ready  adapta- 
bility as  well  as  economy,  tens  of  thousands 
of  homes  have  winter  air  conditioning — 


AMERICAN 
ARMS  AN 


supplied  through  forced 
warm  air  heating  with 

air  clean  Ing  and  hu- 
nridification.  Cooling 
apparatus  can  be  at- 
tached to  these  sys- 
t«mi  readily  whenever 
complete*  t  year- 'round 
air  conditioning  is  de- 
si  red  .t  ' 

This  trend  in  resi- 
dential air  conditioning 
has  placed  &  premium 
on  air  handling  know- 
ledge, and  has  brought 
to  the  fore  the  one  man 
experienced  in  "treat- 
ing" air  at  a  central 
place  and  getting  it 
properly  distributed-*- 
the  warm  air  heating 
and  iheet^  metal  con- 
tractor, The  warm  air  heating  industry 
has,  furthermore,  undertaken  and  made 
notable  progress  toward  the  solution  of"  the 
many^new  engineering  problems  mvolved, 
All  this  has  helped  to  put  warm  air  heating 
in  the  center  of  residential  air  conditioning, 
In  aiding  to  develop  this  trend  and 
assist  in  the  solution  of  new  problems, 
AMERICAN  ARTISAN  has  provided  a 
service  to  its  field  which  has  made  it  the 
recognized  authority  on  residential  air 
conditioning  practice. 

To  manufacturers  whose  products  ^are 
used  in  residential  air  conditioning, 
AMERICAN  ARTISAN  ofifer«  full  cover- 
age of  the  leading  buying  factors.  Such 
manufacturers  are  invitee!  to  write  for 
complete  information  about  thin  expanding 
market. 

AMERICAN  ARTISAN  in  published 
monthly,  It  w  a  member  of  the  Audit 
Bureau  of  Circulations  and  Associated 
Business  Papers, 

Subscription  rates— 3B.OO  per  year,  $3,00 
for  two  years  in  U.  £,  Canada,  Mexico, 
Central  and  South  America.  Foreign 
$4.00  per  year. 

Advertising  rates  furnished  upon  request. 
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Heating,  Piping  and  Air  Conditioning 

Publtohtd  by 

KEENEY  PUBLISHING  COMPANY 
0  North  Michigan  Avenue,  Chicago,  111. 


HKAllNt*,     I* I  I* INC* 
ANU  AIK   CON- 
DITIONS N<»  iii  the  pub" 

Heat  ion  which  carries 
in  each  imiue  the  official 

JOURNAL   OK   T it  it 

AMRKH'AN  Sot'lKTY  OF 

HKATIN(*    AND    VKNTI- 

LATINU  KNtHNHftKM  in 

addition  to  iti  own 
regular  editorial  *w 
tion, 

Itt  field  in  that  of 
industry  and  large 
building*.  Editorially, 
it  given  spwitdi/ed  at- 
tention to  the  design, 
installation,  operation, 
and  maintenance  of 
heating,  piping,  ami 
air  conditioning  sys- 
tems in  «uch  plant* 
and  building*, 

In  addition,  then*  in  published  in  each 
January  issue  a  complete  Directory  of 
Commercial  and  jUidustriut  I  totting,  Piping 
and  Air  Conditioning  Equipment,  which 
lists  all  product*  timed  in  trie  field,  their 
trade  name*,  urn!  the  full  tinmen  and 
Addresses  of  alt  iiutnufncturers,  Thin 
directory  han  been  efttuhlinhed  an  the 
industry**  buying  and  «pcK*ifying  guide, 
and  t§  connutted  by  reudcn  throughout 
the  year,  whenever  equipment  purrlmnc* 
are  up  for  conmtterutimi. 

H,  I*,  tit  A,  (\  tn  read  by  ronmitttng 
engineers  an<I  archttet^tn  ,  ,  ,  rontnu1«ir» 
v  ;  and  enginecr»  in ( charge  of  heating, 
piping,  nrul  air  conditioning  In  industrial 
plftntn,  large  comtnerciut  und  public 
buildinKn,  federal,  ntute,  and  city  govcrn- 
mcnt»,  M;h(K)l  btmnln  and  public  utilities. 
Among  itn  nuhMcrilwm  are  numtieretl  all 
member*  of  the  A.SJLV.K,,  who  represent 
about  30  per  rent  of  itn  total  circulation. 
t  Such  a  coverage  meutti,  for  the  advcr- 
tiuer,  connideration  at  till  pointn  in  the 
•elHngg  of  a  heating,  piping,  or  air  con* 
ditiomng  product  .  ,  ,  consideration  in  the 
selection  of  u  pro<ltict  during  the  [>re- 
paration  of  plant  and  specification*;  con- 
sideration in  the  actual  purchase  of  u 
product  for  mntaUution;  cotisiderntion  in 


the  year  'round  buying 
of^a  product  for  oper- 
ating and  maintenance 
requirements. 

It  has  been  evident 
for  some  time  that  the 
air  conditioning  field  it 
made  up  of  two  dis- 
tinct markets:  (1)  In* 
dustrial  and  Commer- 
cial; (2)  Residential. 

These  two^  market* 
are  difTerent  in  equip- 
ment uHed^  different 
in  engineering  prob- 
lems involved,  dif- 
ferent in  engineering, 
distributing,  and  con- 
miming  personnel  „  ,  , 
rtHjutrc,  therefore,  dif- 
ferent welling  jobs. 

To  sell  the  indus- 
trial and  large  building 
field  for  air  conditioning,  the  manufacturer 
must  win  acceptance  from  the  engineers 
who  design,  specify,  install,  operate,  and 
select  the  system  to  meet;  the  particular 
requirement*  of  the  plant  or  building.  The 
system  may  be  central,  unit,  or  *'  split/' 
but  itt  is  these  engineer*  who  arc  the  in* 
iltiencing  or  fnuvhaHmg  factors, 

It  in  to  such  group*  that  HEATING, 
Pii'tN<»  ANI>  AIM  CoNitrnoNiNti  editoriulty 
cater*  exclusively  in  the  industrial  aiul 
large  building  fieid.  Without  waste,  the 
manufacturer  of  air  conditioning  products 
and  accessory  equipment,  such  a*  motors, 
drive*,  control*,  etc,,  can  reach  through  iti 
page*  thowe  front  whom  he  i»  *eeking  the 
netT**ary  engineering  acceptance. 

Manufacturers  interrnted  in  thin  field 
can  obtain  eomplet*'  information  by  writing 
(o  l  hi»  addrrnH  g,iveti  abov«\ 

Ht-.ATINo,  I'ttMNti  ANP  AlK(*ONhrn<»NIN<* 

IM  jj  mrmbcr  of  (he  Audit  Bureau  of  Circu- 
lations and  Ansociated  H 


rates  $$,(M  prr  year;  W.OQ 

fur  hut*  ytarx  in  !/»  »V,f  Canada  t  M*xicot 

'Central    and    titiuth  Aitt-erwa* 

$4,(X)  per  year. 

Adwrtising  rates  fur  ninhtd  upon  request, 
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Published  at 
20  W.  Jackson  Blvd.,  Chicago,  Illinois 


Publications 


COAL-HEAT  is 
unrivalled  as  a 
reliable  source  of  in- 
formation on  stoker 
merchandising  and 
utilization,  coal  mer- 
chandising and  utili- 
zation, new  develop- 
ments in  modern 
coal-burning  equip- 
ment, and  general 
news  of  the  stoker 
industry.  Because  it 
was  the  first  maga- 
zine to  recognize  and 
promote  the  further 
sale  and  use  of  small 
stokers,  COAL- 
HEAT  has  been 
named  "The  Stoker 
Magazine,"  It  has 
continued  to  deserve 
this  title  by  carrying 
more  information, 
year  in  and  year  out,  on  small  stokers  than 
any  other  publication. 

Today,  COAL  -  HEAT's  readership 
throughout  the  stoker  industry  and  among 
the  more  sales-minded  groups  of  the  coal 
industry  is  unparalleled.  In  addition, 
COAL-HEAT  now  enjoys  a  friendship  and 
close  relationship  with  many  leading  fuel 
engineers,  because  it  has  shown  its  con- 
viction in  the  value  of  these  men  in  the 
coal,  stoker  and  heating  industries  and  has 
supported  them  in  their  work.  For  a 
number  of  years  COAL-HEAT  has  carried 
many  articles  for  and  by  fuel  engineers, 

COAL-HEAT's  primary  editorial  job  is 
to  "further  the  more  satisfactory  use  and 
greater  sale  of  coal  and  modern  coal- 
burning  equipment."  It  is  an  active 
exponent  of  the  increased  use  of  scientific 
and  engineering  knowledge  in  the  applica- 
tion and  sale  of  stokers,  coal  and  heating 
equipment.  Believing  that  the  sale  of  fuel 
and  equipment  is  influenced  to  a  large 
degree  by  the  efficiency  of  their  use, 
COAL-HEAT  has  directed  its  editorial 
program  to  both  the  merchandising  and 
utilization  sides  of  the  stoker,  coal  and 
heating  industries. 

The  greatly  increased  sale  of  stokers  in 
recent  years  has  given  added  emphasis  to 
the  COAL-HEAT  market— has  established 


the  importance   of 


ers.     AH  this  market 
continues    to    grow, 

T  OAK-  HEAT  will 
become^  increasingly 
interesting  to  men 
who  are  concerned 
with  the  »ale  and  use 
of  HtoktTH,  modern 
coal-burning  equip- 
ment and  jntoker  coal. 
At  the  beginning 
of  each  year  COAL- 
II  EAT  JHwties  a  new 
and  revised  list;  of 
Htoker  manufacturers 
and  assemblers  doing 
husiuc.Hsinthc  \  'nit  eel 
Stales,  Canada  and 
certain  i  m  port  ant 
foreign  countries, 

Each  listing  in- 
cludes the  name  of 
the  company  and  thck  address,  the  execu- 
tive in  charge,  the  trade  name*  of  the 
stoker,  the  types  and  «I/,CH  of  units  avail- 
able, and  whether  they  are  manufactured, 
assembled  or  bundled  art  si  "private  brand" 
line, 

COAL-HEAT  aim)  publishes  books, 
booklets,  manuals  and  reprints  covering 
many  subjects  of  interest  to  men  in  the 
Htoker,  coal  and  heating  induHtrten,  These 
are  available  to  readers  at  a  small  cost. 
In  every  respect,  COAL-HEAT  in  a  valu- 
able index  to  what  in  going  on  in  these 
important  fields  and  a  source  of  con- 
siderable information  to  its  readers, 

Subscription  rates  $L(H)  a  year;  $2,00 
for  three  years  in  U,  S,  and  Canada* 

Foreign  rates—  $2,00  a  year;  $4.00  for 
three  years. 

Advertising  rates  will  be  furnished  upon 
request, 

COAL-HEAT  is  published  on  or  about 
the  15th  of  each  month,    There  are  four 
special  issues  each  year  ...........  the  MARKET 

DATA  ISSUE  in  January;  tin*  SPRING 
STOKER  NUMBER  in  April;  the  AN- 
NUAL MERCHANDISING  NUMBER 
in  August;  and  the  ANNUAL  COM- 
BUSTION NUMBER  in  November. 
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O      U      ft      N      A 

Published  Monthly  at 

420  Madison  Avenue 

New  York 


MARKET;  The  oilheating  market  ii  a 
closely  knit  4*wiiy  (  market  'oithuntert, 
helling^  airconditionmK,  and  fueloil,  Tin? 
modern  ami  prugresiitve  oiiht»fing  dealer 
sells  all  four-  it  g«wd  oiltourner,  using  good 
fueloil,  firing  it  good  heating  or  lurcon- 
dittontng  system. 

From  HMtt  to  HUH),  the  only  oiiheuting 
product  noid  by  hurnrr  dt*uler*  wus  the 
conversion  burnrr,  lit  HIHO  the  side1  of 
conversion  burners  represented  77,3  per 
cent  of  I  hi*  denlers1  grown  income, 

By  the1  i»ml  of  HKtlt,  the  average  oil- 
heat  ing  dealer  got  only  2K»7  jwsr  cent  of 
his  imwme  from  conversion  burners,  Hut, 
beginning  in  1$K12«  he  hud  nddcd  fhre« 
other  major  oithent  ing  linw  heutingi  fuel™ 
oil  and  winter  aircomiitiwting*  19JIII 
gro*i  diillur  volume  «il  the  iiveriige  dealer 
was  divided: 

Conversion  burner  units  ,  ,,.,,28,7  j»er  cent 
Heating  equipment,  tn- 

cluclingtM>iier»burner  units  20,2  jwr  rent 
Fueloit  ,  ,  ,  .  ,  >  28,5  per  rent 

Winter  tureondit  toning, 

including  funutre-burner 

,<    ,    ......     \(\A  j*er  ct?nt 


In  103i>,  211  f>cr  cent  or  5<VIKT»  conversion 

oilhurners  were  told  with  new  cast  iron  or 
steel  batiers*  In  udditkw,  dealers  wild 
IHpfini  tKiilcr-liurtiftt"  units.  Tutul  boiler 
sales  by  oiiheuting  dealers  increasecl  If) 
percent  «;v«r  lllilH,  t  These  dealers  did  ^ 
winter  airconditkuiutg  dollar  volume  in 
1939  »if  IIH/2HMWO, 

SKUV'ICKS   FOR    ADVERTISERS 
Key  Market  Studies. 
Merchandising  News. 
Sj)tclfic  IVo<luct§  RejKirti, 
Unit  Sale  Brand  {'reference  Studies. 
Booklets,  reprints  of  s(>ecial  articles. 


OILHEATINt;  A  AIRCONDITION- 
INO:  FUKLOIL  JCHIKNAI.  coven  this  inte- 
grated 4"  way  market* 

U  ii  the  oldest  paper  in  the  field— 
established  1922,  Editorially,  it  has  con- 
sistently  fostered  every  progressive  de- 
velopment in  the  field  ami  it  has  encouraged 
theorem!  to  the  complete  oilheating  deafer. 

Kvery  issue  in  carefully  balanced  edi- 
torially^  to  cover  the  dealers^  need  for 
unnhlc  infornuition  on  till  four  Hide*  ol  hii 


I  lent  ing  cquipiuent  manufacturers  have 
long  known  1*  iwuttt,  JotfjMNAL  as  a  jxiwer- 

fill  wile*  aid.    It.*;  reader  intereit  !§  unicjue 
tunong  trade  papers* 

ciMCiiLATJcm;  Like  its  editorial  content! 
the  circulation  of  FUKLOIL  JOURNAL  it 
carefully  controlled  to  give  complete  coyer- 
age  of  t  his  great  4«way  market,  A  detailed 
breakdown'  from  the  latest  circulation 
statement  (Urcvmbrr,  1940)  shows; 


12,2.14 


rtrnlfw  untl  tliMtribuiom  , 

Kry  limtlng  v«»ntrttrto«» 
tlltfl  Uratint;  K>itfittu:tni":t 
nrt*r  M  ,  ,  ,  ,  ,  ,  ,  , 

I'  urjoil  «i)MfthulnrM| 
moM«?  nil,  nnd  thflr  briuwhw  ,,. 
uncl    hcwtliiR  nufiuty 


Total  *lrtdt*r«  untl  illuirlbuiow  .....  „ 


Hl.UAH 


A«(i*f«wiry 

Tntnl  mnm 
T«IH!  tlrii 
I*i«r  <TIU 


n  nn«l  thrir  t»xf€tiUv<%      IHK 
fut'tttrwrM  ,    ,    ,  IVirt 


1»1H4 


142 
I7/»IH 


(irwnd  ti*tul  ,  „  , 

FtJKL«iL  JOURNAL  circulation  caver*  the 
ail  lifiiting  and  uir  conditioninK  fielU  at 

the  minimum  rate  t>cr  thousand  copie*. 
It  will  jmy  you  well  to  get  full  details. 

Write,  wire  or  telephone, 


Will 
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Domestic  Engineering 

Catalog  Directory 

Published  by 

DOMESTIC  ENGINEERING  PUBLICATIONS 

1900  Prairie  Avenue*  j^7?T\  Chicago,  Illinois 


lNo\\    ifi  h*  iii fir  lion  lists  all  known 

twnth  year  nf  **rrvire  in  trade  name*  of  prod** 

it-,  jtttluMry,  fiir   1 11-11  tie  til  used    in   the 

edition  (ft   litimtAtit  I^^^^HHHlli^HlH  heatinfl,   plumbing 

Ctilittrtn  IliilUBMH^^lHMSKR  and  air  conditioning 

^^  fluid;  aluo  Alvcik  th« 

MKiiwl  to  wirt  j*M"*rt»t  I^^^H^IIHIII^^^E  name* and addruftium 

day  pltituniitKi  niMtttw  Hl^^^^^llJ^lH^^^^^^^H  °  '     t  h  0     in  a  n  u  - 
And    uir    f'utiitif ittttitiK 

hUMtiK     Uilll      -JH  t.  !tVUJ.L;  J\.      ,„„.„._ „ 

n'qtui'-H^ Mf ..    A  I'lttit  PUS'  NAMKS  AND  .-... 

plHr,(  (IrpriKliihlr,  OKI  ssi  s      This    »et> 

trfUfith/m     -«'tnn'  ^  of  tion  falvm  th&  nanu\ 

prmhtri  and  frrhiitnt!  itraat    addreim    and 

intdf nuiUun,    ,m,im',r'!  <«ity  nf  ^vory  known 

for  qtiHi,  ,uul  , 4^v  iri  mtnufsicuirer  of 

heatinft,    plumbing 

g.™——.^^.——.  and  air  conditioning 

„/  hiiH  pUrti  mivtnx        ^^R'^l^P^  «<|ulpment. 

ami   HprcifyiitK   on  ^i        ^^^pP^  y^  TABI.KH  ANI> 

Knotty nimptilii*iltM*«ii,  Rui'«8    ThiV section 

1  In-  [nlluvuit^  ,ur  ihf  ttt^jor  wrt iwi*  of  <*<»n«i«t«t  of  huiulrods  of  cluirtfi,  tublcs, 

Dfunwbik  /*iW|iVnwiwu  (Yt/ff/f/K  f)irfttt*ryt  standard  rwkw  and  layout  dia^raivia 

1   M AMt^A^rttiivttM^4  't'Atttr  «4vr  *n<*    explanatory    material    required 

Tf!*w     7w*tl'/f;iSS !  ft**    ilft   In   A^tl  lfl    lhw   <wl*ctlon»   coordination  and 

IHIN      i, Hin mining   mo    up*if?«im*ip  dt*iiiln    of    4Hiuipnu)!)t    for    heatSnft 

S^!?ud«rSyS«hn  — i^«"2      P«umWn«   anil  air  cwwUtlonlnft  In- 


II  <*i  AttMtvivti    I>tni/iwriiMv    I  liitlfid  In  «'nnnta«t  UHt«»  tbnniglitHii  thcyrar,  by 

j^.i^^n%^t  u^c.  iS  ;,','"  ^'isiK:  ''tr^''"^^^^ 

iMmtlnft,  plumbmA  and  Air  condition-  (-rt/rt/^    Wmttirv    \»vwu\*    to    mnn«- 

hi«  ana  n«in««ttf  m«nufactur«r«  who  {((|^Hr^  u  |||<JM ^r|H|yrt -w  |m,|h(K,  for 

mmm  lf»  thr    prt'wiifadim    ol1    thHr    product    i«- 

IH.  TttADKNAMKtSturnoN    1'hiaiwc-  for 


For  diktidlN  of  the  many  *vrviec*  nvailablc  to  tnunufucturerN  of  tH-atinA, 
inft  and  air  conditioning  «quipm«nt  through  Dww^Hc 

Directory,  writ*s  IVttnuftctiireri1  C^ataloft  Service 
I  $00  Prairie  Avenue»  Chicaftof 

I  Of  13 


Puttications 


HEATING 
VENTILATING 


THE  INDUSTRIAL  PRESS  .  .  .  Publisher 

140-148  Lafayette  St.          New  York,  N.  Y. 


HEATING 
VENTILATING 


HEATING  & 

VENTILATING 
reaches  the  "key 
men"  of  the  indus- 
try— the  engineers, 
contractors,  and 
equipment  manu- 
facturers who  have 
the  final  word  in  the 
specification,  instal- 
lation, production 
and  maintenance 
of  mechanical 
equipment  f  or 
heating,  air  condi- 
tioning and  venti- 
lating. 

The  editorial 
content  is  designed 
to  be  of  practical 
use  to  engineers 
engaged  in  the 
design,  installation 
or  operating  of 
heating,  ventilating 
or  air  conditioning 

•equipment,  and  is  prepared  umler^  the 
direction  of  field-experienced  professional 
engineers.  A  maximum  amount  of  space 
is  given  each  month  to  articles  showing 


how  specific  prob- 
lem* have  been  met, 
authoritative  dis- 
cussion*  of  timely 
subjects,  compila- 
tions of  ufleful  data, 
and  deifcriptiotM  of 
the  latest  practice, 
techniques  and 
equipment,  Each 
month  an  original 
Reference  Data 
fthcct  i»  included 
for  permanent  use 
in  ft  Htuudurd 
binder  (back  copies 
an*  available)* 

Special  inaucs  or 
special  sections  are 
p^ublishe^  from 
time  to  time  as 
needed,  For  ex* 
ample,  in  Septem- 
ber 1940  a  compre- 
hensive Buyers 
( Juklc  wa»  included 
together  with  a 

special  section  on  Air  Conditioning  for 
Air^  Defense.  The  success  of  the  Buyers 
Guide  has  resulted  in  this  being  scheduled 
as  an  annual  feature. 


CIRCULATION 


HEATING  &  VENTI LATINO'S  total 
distribution  (May  1940 )— 10, 121,  classified 
as  follows: 

Consulting  Engineers  (522)  and  Ar- 
chitects (183)  Engineers  Employed 
by  Consulting  Engineers  and 

Architects  (183) 888 

Contractors  (1646)   and    Engineers 

Employed  by  Contractors  (272)....  1,918 
Governments  and  School  Boards, 

and  their  Engineers 468 

Public  Utility  Group , 602 

Industrial  Firms,  their  Engineers,  etc.  1 ,496 
Buildings,  Real  Estate  Management 

Companies,  their  Engineers ,..    452 

Manufacturers  of  Air  Conditioning, 
Heating,  Piping  and  Ventilating 
Equipment,  Their  Officials  and 
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Employees  (755)  and  Designing 
Engineers  (280)..,., ..,. , ,'.  10,35 

Manufacturers'  Agents  and  Sales- 
Engineering  Firms  (190),  Sales 
Engineers  and  Salesmen  (839).«..».  1,029 

Wholesalers"!  1  12)  and  Dealers  (290)..    402 

Educational  Institutions,  Public  Li- 
braries, Associations ,..,,„........,..„  734 

Miscellaneous  and  Unclassified ...    615 

9,639 

Field  Staff,  Correspondents,  Ex- 
changes and  Advertising  Agencies  482 

TOTAL..... „.,„..„.„. ...10,121 

Subscriptions  to  HEATING  &  VENTI- 
LATING are  $2.00  a  year.  Advertising 
rate  cards,  sample  copies  and  market  data 
will  gladly  be  submitted  on  request. 


Publication® 


Plumbing  and  Heating  Journal 

fubtbhtd  % 

THE  ANGUS  CO.,  INC. 
fllfl  Madiwm  Ave.,  New  York  City 


I  III  M  II  I  Nit  Anil 
HentiftK  Journal  i*  wfif«»«I 
to  furnish  ft  wrll  •rmmtlctl, 
•fftcicnt  ifffvtff*  (tn  iltit 
mtn  engrtgfd  Ift  thu 
dumbing*  heating*  mitt- 
fjttiftg  and  rtir  vomlilioninK 
fields,  To  I  hi*  ftt«t  it 
covrrH  I  Mil  It  i  hi*  t  «'  tin  irii  i 
ami  hunt  tie**  ptt»t»r«  of 
their  woik,  *w  well  ui 
rnu  tt  y  minor  Unf  e*M'eei|» 
Jngly  in»|H»rt»inl  one* 

It  give*  (iff  frrfstiti'**! 
•ervice  fhiotigh  **  *uff  of 
practical  engineer*;  e*i*ert 
hatitli*ini{  »i«*»»f  »tft«T, 
iff*  l4*chiiir«l  »»it«i 
*irli»'lr»  «rr  l»v 


ma  ny    a  ut  horit  at  ive 
article*   on   and 


,,.„.,„. concerning  the 

varjnu*  ramification*  of 
bu*ine*H  management  and 
print*  an  part  of  every 
i**tu*,  *pecial  article*  de- 
voted to  ndling, 

The4  JOURNAL'S  air 
conditioning  article*  are 
of  npenal  value  to  plumb- 
ing-heating1 cont ract or*. 
They  ntrc***  the  potential!" 
tic*  in  thin  liehl,  with  the 
cxprc** intent  of  incr<*a*inK 
ait"  condit ioning  iir.ial 


of 


til    rcwlrm    roinr  t«*  THK 

rtt'lt  ywir  for  wituiintm  tn  fhfir 
technical  prohlntw  iiitil  whili*  w»mr  «f  I  hi* 
qii«tii«»  nrnl  n»«wrr«  nrr  pui»It»i!w«t  in  ihn 
Roidfri"  'iWhttii'jtt  Service  mvtitm  in  rnch 
iwuc  of  tli*'  i»iiKii/i(ir,  ihr  %4tt*f  majority 
of  ihnn  ImviiiK  to  »l*i  with  nrnrticnlly 
every  tthftir  <»f  hrutittu,  vriuiUtinj}  un<l  iur 
comfit  tmtitw  m  writ  «t  jfhitt*bing  nr« 
aniwrrcii  hy  timil,  l«<*«tiw  tiitmt  of  th« 
r«|tie*f»  for  li«*lp  nri*  itrn<*ttt  nntl  n  «lfli»y 
in  mww«ring  wotthl,  it*  mmw  CJIMTK,  rntnit 
titoni*t«try  linw  h»  tltr  ntiitntrtcir, 


The  Hf*itl*«rn*  Tcfhitir^it  Srrvire 
ni«nt  of  THK  jUUHNAl^w  Mfitffwl  by 
eciitor*  who  havV  »j»rtti  thrir  Ityrn  In  the 
who  writ*  miirfMfttt  jilunth* 
vi*ttiita(inK    ««»!   *»ir   con* 
ftifctiswrft  Irforr  they  wroifl  a 
line  for  nuhlii'aiioiti  nwl  wh»»  now-  tlcvolf 
their  t»ni  in*  litsi**  to  lm*ftm^  ahrrant  of  the 
'        * 


their  knowtrtluf  ami  rxiwririHT  for  the* 
benefit  of  JOURNAL  mdwcrilwr*, 

The    t<rhtiic*tt     wrvire    rnwlfretl     ttM 
reailem  liv  THK  JOUKNAI*  i*  <-lowly 

pafiillrlffl  t»v  what  if  *f  rive*  tn  «lo  for  twiu 
in  u  Intwiti^sw  way,  for  it  ah»o 


A  n  rvv  depart  ment» 
"<*onifort  Heating",  devote<l  t«)e*itiiprnent 
fur  automat  ir,  heating  wilh  t*j>itl»  ga*  or  oil, 
ii  nl*o  nn  encliiHtve  JOURNAL  f<'ature, 


t  Supplement  ing  the  1ni*ine**  ami   tech- 
nical art  irlw  in  a  large  amount  of  excUi*ive 


MtafT^Kathered  n«*w»  that  highlight*  tin* 
background  of  the  trade**  activities 

Thin  new*  fmckgrotuu!  in  vital    It  com- 

plete* the  mduwtrinl  picture  for  the*  reader, 
It  kee,  pi  hint  in  intimate  touch  with  what 
the  vitftemi  important  amiociutionif  and  hid 
fvllow  ineml>cw  of  the  craft  are  doing 
throughout  th«  nation  ami  it  chartn  the 
trend*  that  arc  likely  to  have  a  very 
definite  influe/ncf  on  the  future  operation 
of  hw  tmitmm 

THK  JOURNAL  editorial  depnmeni 
drawn  Ui  new*  from  wcoren  of  trained 

CMrroipondentH  lonitwl  nt  »trutc»gic  pointi 

throughout  the  country. 

lit  thii  eomhination  of  the  technical* 

Inwhirw  and  Hewn  aspect  «  of  the  indiwtry 
that  wablf»  THK  JOURNAL  to  achieve 
a  finely  balanced  nwga/.ine  that  give*  the 
reader  the  type  of  information  he  want* 
and  needn,  in  brief,  compact  form, 

77/fl  JOURNAL  aulminptwn  pfice  is: 
I  yenr  $£JM;  xpmd  <»/rr,  ^  want 


H1D5 


Publications 


Sheet  Metal  Worker 

Published  by  Edwin  A,  Scott  Publishing  Company 

45  West  45th  Street 

New  York 


TTHE  January  1941 
*  issue  of  SHEET 
METAL  WORKER  will  be 
its  Sixty-Seventh  Anni- 
versary and  Directory 
Number.  It  is  theokl- 
est  publication  in  its 
field  and  is  of  vital  im- 
portance to  men  in- 
terested in  sheet  metal 
work — air  conditioning 
— warm-air  heating  and 
ventilation.  Founded 
and  published  to  1009 
by  Davicl  Williams 
Company;  1909  to  1920 
by  United  Publishers 
Corp.;  since  1920  by 
the  present  publisher,  the  Edwin  A,  Scott 
Publishing  Co. 

SHEET  METAL  WORKER  is  today  a 
monthly  merchandising,  business  and  tech- 
nical journal  basic  to  the  use  of  sheet 
metal.  It  serves  the  various  unified  mer- 
chandising and  installing  branches  of  the 
industry,  consuming  sheet  metal  for  the 
erection,  maintenance  and  operating  equip- 
ment of  homes  and  buildings,  including 
central  air  conditioning  equipment,  warm- 
air  heating  ventilating,  dust  and  refuse 
removal,  and  systems  for  handling  material 
by  air;  kitchen  and  restaurant  work;  a 
wide  variety  of  interior  and  exterior  work 
tor  commercial,  industrial,  institutional, 
and  residential  buildings. 

Subscribers  are  mainly  merchandising 
contractors  purchasing  practically  all  pro- 
ducts and  equipment  which  they  fabricate, 
erect  or  install.  Manufacturers,  jobbers 
and  distributors  also  subscribe, 

The  market  has  three  main  divisions; 

(1)  Equipment  for  resale  in  connection 
with  erection  or  installation  work. 

(2)  Materials  for  fabrication, 

(3)  Shop  equipment  and  supplies, 


CIRCULATION 

S  1J  K  K  T      M  K  T  A  L 

WORKKR  tea  member  of 

the  Audit  Bureau  of 
Circulations  and  the 
Associated  Business 
Papers,  It  has  a  uni- 
form distribution,  with 
the  g renter  part  of  its 
circulation  centered  in 
states  showing  the 
ttrcauwt  it  it  lust  nul  ao 
fjvhy,  Renders  of 

Slll'.KT  Ml',  r  AL  WOKKKK 

are  made  up  of  warm- 
air  heating,  air  condi- 
tioning itnd  sheet  metal 

Af        .   ,      *         contractors  ami  dealers. 

Also  wholesalers,  manufacturers,   branch 

offices  and  salesmen,    For  further  details 

semi  for  ABC  statement, 

EDITORIAL 

SIIKKT  METAL  WORKKK  has  teen  out- 
standing; in  the  editorial  service  it  has 
rendered  the  trade  and  is  noted  for  the 
practical  usefulness  of  its  articles  and  the 
timeliness  of  its  editorials,  Iti  editor  is  a 
noted  author  in  this  field  ami  the  author 
or  several  well-known  books. 

S«KKT  MKTAL  W«RKK»  also  publishes 
books  on  heating,  ventilating,  sheet  metal 
work,  air  conditioning,  etc. 

The  Annual  Issue  published  in  January, 
contains  a  comprehensive  nml  valuable 
Directory  Section, 

ADVERTISING 

SHEET  MKTAL  WORKER  has  nn  enviable 
record  of  long  term  advertising  and  is 
proud  of  its  long  list  of  regular  advertisers, 

Because  of  its  intimate  contact  with  this 
new,  SHKOT  MKTAL  WORKMK  is  well  quali- 
fied to  cooperate  with  manufacturers  in 
tneir  sales  and  advertising  programs, 

Subscription  fates— $2.00  per  year,  U.S., 
and  Mexico.  Canada  $2,50 5  Foreign  13*00. 
Advertising  rates  on  request, 
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ADSORBER,  Odor 

W.  B,  Connor  Engineering  Corp., 
Dorcx  DIv,,  860 

AIR  GLEANING  EQUIPMENT 

(See  also  Filters,  A  ir) 
Air-Maze  Corporation,  862-868 
Airtemp  Dtv,,  Chrysler  Corp.,  830- 

831 
American  Air  Filter  Co,,  Inc.,  864- 

806 

American  Blower  Corp,,  818-810 
American   Radiator   &   Standard 

Sanitary  Corp,,  992-908 
Autovent  Fan  &  Blower  Co,,  899 
Binks  Manufacturing  Co,,  880 
Blocksom  &  Company,  806 
Buffalo  Forge  Company,  903 
Clarage  Fan  Company,  821 
Coppus  Engineering  Corp,,  807 
Davles  Air  Filter  Corp,,  868 
Delco    Appliance    Div,,    General 

Motors  Sales  Corp,,  832-833 

C,  A,  Dunham  Co,,  970-971 
Ftosgibbona  Boiler  Co,,  1000-1001 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Co,,  916-917 
Martocello,  Jos,  A,  &  Co,,  882 

L.  J.  Mueller  Furnace  Co,,  838-839 

D.  J,  Murray  Mfg,  Co,,  Unit  Heater 
and  Cooler  Div,,  852 

Owens-Corning    Fiberglas    Corp., 

870-871 

Parks-Cramer  Company,  822 
Research  Products  Corp,,  872 
H.  J,  Sojnen,  Inc.,  873 
Staynew  Filter  Corp*,  874-875 
B.  F,  Sturtevmnt  Co,,  908-909 
United  States  Air  Conditioning 

Corp,,  828 
Westinghouse  Elec.  &  Mfg,  Co,, 

820-827,  876 
York  Ice  Machinery  Corp,,  829 

AIR  COMPRESSORS  (See  Com- 
pessors,  Air) 

AIR  CONDITIONING  CON- 
TROLS (5«  Controllers  and 
Control  Equipment,  Humidity 
Controls) 

AIR  CONDITIONING  COILS 

Acme  Industries,  Inc.,  887 
Aerofin  Corporation,  883-885 
G,  &  0,  Manufacturing  Co,,  886 
Arthur  Harris  &  Co.,  1044 
McQuay,  Inc.,  848-849 
J.  J,  Nesbitt,  Inc.,  854 
Refrigeration  Economics  Co,,  823 

AIR  CONDITIONING  GRILLES 

(See  Grilles,  Registers) 

AIR  CONDITIONING  REGIS- 
TERS (See  Grilles,  Registers) 

AIR  CONDITIONING  UNITS 

Airtenip  Div,,  Chrysler  Corp,,  830- 

831 
American  Blower  Corp.,  818-819 


American    Radiator   &   Standard 

Sanitary  Corp.,  992-993 
Autovent  Fan  &  Blower  Co.,  899 
Automatic  Burner  Corp.,  1016 
Baker  Ice  Machine  Co,,  888 
Buffalo  Forge  Company,  903 
Burnham  Boiler  Corp.,  994-995 
Brunner  Manufacturing  Co,,  889 
Carbondale  Div.,   Worthington 
Pump  &  Machinery  Corp,,  896- 
897 

Carrier  Corporation,  820 
Clarage  Fan  Company,  821 
Crane  Company,  998-999 
Curtis  Refrigerating  Machine  Co,, 

Div,  Curtis  Mf|,  Co.,  890 
Davies  Air  Filter  Corp,,  868 
Delco    Appliance    Div,,    General 

Motors  Sales  Corp,,  832-833 
C,  A,  Dunham  Co,,  970-971 
Feddera  Manufacturing  Co,,  842* 

843 

Fltzgibbons  Boiler  Co,,  1000-1001 
Frlck  Company,  Inc.,  891 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Co.,  910-917 
General  Refrigeration  Corp,,  892 
Grinnell  Co,,  Inc.,  972-974,  1034 
Hastings  Air  Conditioning  Co.,  845 
Ilg  Electric  Ventilating  Co.,  906 
F.  Jaden  Manufacturing  Co,,  846 
Kewanee  Boiler  Corp,,  1002-1005 
Kramer  Trenton  Co.,  847 
Lau  Blower  Co,,  907 
Mario  Coil  Company,  893 
McQuay  Incorporated,  848-849 
Meyer  Furnace  Company,  840 
Moclinc  Mfg,  Co,,  850-851 
L.  J,  Mueller  Furnace  Co,,  838-839 
D  J,  Murray  Mfg.  Co,,  Unit  Heater 

&  Cooler  Div.  ,852 
Herman  Nelson  Corp,,  853 
J,  J,  Nesbitt,  Inc.,  864 
Parks-Cramer  Co,,  822 
Refrigeration  Economics  Co,,  823 
Servel,  Inc.,  894 
H.  J,  Somera,  Inc.,  873 
Spencer  Heater  Division,  1008-1009 
Surface  Combustion  Corp,,  824-825 
Trane  Company,  The,  858-859 
United   States   Air   Conditioning 

Corp,.  828 
United  Estates  Radiator  Corp,,  1010- 

1011 

Vilter  Manufacturing  Co.,  898 
Warren  Webster  &  Co,,  984-987 
Webster  Engineering  Co,,  1015 
Westinghouse  Electric  and  Manu- 
facturing Co.,  826-827,  876 
Williams  Oil-0-Matic  Heating  Cor- 
poration, 836 

York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  800 

AIR    COOLING    AND    DEHU- 
MIDIFYING  APPARATUS 

Aerofin  Corporation,  883-885 
Airtemp  Div.,  Chrysler  Corp,,  830- 

831 

American  Blower  Corp,,  818-819 
American   Radiator   &   Standard 

Sanitary  Corp,,  992-993 


American  Moistening  Co,,  878 
April  Showers  Company,  879 
Autovent  Fan  &  Blower  Co.,  899 
Baker  Ice  Machine  Co.,  888 
Baylcy  Blower  Company,  902 
Binks  Manufacturing  Co,,  880 
Buffalo  Forge  Company,  903 
Carbondale  Div.,  Worthington 

Pump  &  Machinery  Corp,,  896- 

897 

Carrier  Corporation,  820 
Chicago  Pump  Co.,  1028 
Clarage  Fan  Company,  821 
Curtis  Refrigerating  Machine  Co. 

Div.  of  Curtis  Mfg,  Co,,  890 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 

C.  A.  Dunham  Co.,  970-971 
Fedders  Manufacturing  Co.,  842- 

843 

Fitzgibbons  Boiler  Co.,  1000-1001 
Frick  Company,  Inc.,  891 
General  Electric  Co.,  916-917 
General  Refrigeration  Corp.,  892 
Grinnell  Co.,  Inc.,  972-974,  1034 
Ilg  Electric  Ventilating  Co,,  906 
F,  Jaden  Manufacturing  Co.,  846 
Kramer  Trenton  Co,,  847 
Marley  Company,  881 
Mario  Coil  Company,  893 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co.,  850-851 

D.  J,  Murray  Mfg,  Co,,  Unit  Heater 
&  Cooler  Div.,  852 

Herman  Nelson  Corp.,  853 

J.  J.  Nesbitt,  Inc.,  854 

Parks-Cramer  Company,  822 

Refrigeration  Economics  Co,,  823 

Servel,  Inc.,  894 

H.  J.  Somera,  Inc.,  873 

B,  F,  Sturtevant  Co,,  908-909 

Surface  Combustion  Corp,,  824-825 

Trane  Company,  The,  858-859 

United    States    Air    Conditioning 

Corp,,  828 

Universal  Cooler  Corp,,  895 
Vilter  Manufacturing  Co.,  898 
Westinghouse  Electric  &   Manu- 
facturing Co.,  826-827,  876 
L.  J,  Wing  Mfg.  Co,,  855-857 
York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  860 

AIR  DIFFUSERS 

Air  Control  Products,  Inc.,  918 
American  Blower  Corp.,  818-819 
Anemostat  Corp,  of  America,  919 
Auer  Register  Co.,  The,  920 
Barber-Colman  Co.,  921,  940 
Hart  &  Cooley  Mfg,  Co.,  922-923 
Independent  Register  Co.,  925 
Plandaire,  Incorporated,  926 
Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Register  Co.,  930 
Waterloo  Register  Co.,  931 
Young  Radiator  Company,  860 

AIR  DUCTS  (See  Ducts) 

AIR  ELIMINATORS 

American   Radiator   &   Standard 
Sanitary  Corp,,  992-993 


Numerals  following  Manufacturers'  Names  refer  to  pages  in  the  Catalog  Data  Section 
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Armstrong  Machine  Works,  1032- 

1033 

C,  A.  Dunham  Co.,  970-971 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co,,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 
Wright-Austin  Co.,  1037 

AIR  FILTERS   (See  Filters,  Air, 
also  Air  Cleaning  Equipment) 

AIR  FILTER  GAUGE 

Simplex  Controls  Div.,  The  Her- 
busch  Corp.,  960 

AIR  FITTINGS,  Brass 

Martocello,  Jos.  A.  &  Sons,  882 

AIR  FILTER  CLEANING  COM- 
POUNDS 

Air-Maze  Corporation,  862-863 
Oakite  Products,  Inc.,  877 

AIR    MEASURING    AND    RE- 
CORDING INSTRUMENTS 

American  Blower  Corp.,  818-819 
American  Moistening  Co.,  878 
Babcock  &  Wilcox  Co.,  996 
Bristol  Company,  The,  941 
Julien  P.   Friez  &  Sons,   Div.  of 

Bendix  Aviation  Corp.,  946 
Grinnell  Co.,  Inc.,  972-974,  1034 
Illinois  Testing  Laboratories,  Inc., 

950 

Johnson  Service  Co.,  948-949 
Minneapolis-Honeywell    Regulator 

Company  954-955 
Palmer  Company,  956 
Parks-Cramer  Company,  822 
Powers  Regulator  Co.,  958-959 
Taylor  Instrument  Companies,  962- 

963 

AIR    MOISTENING    APPARA- 
TUS (See  Humidifiers) 

AIR  PURIFYING  APPARATUS 

Air-Maze  Corp.,  862-863 
American  Air  Filter  Company,  Inc., 

864-865 

American  Blower  Corp.,  818-819 
Buffalo  Forge  Co.,  903 
Burnham  Boiler  Corp.,  994-995 
Carrier  Corporation,  820 
Coppns  Engineering  Corp.,  867 
Davies  Air  Filter  Corp.,  868 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.;  832-833 
DeBothezat    Division,     American 

Machine  &  Metals,  Inc.,  905 
Ilg  Electric  Ventilating  Co'.',  906 
Owens-Corning    Fiberglas     Corp., 

870-871 

H.  J.  Somers,  Inc.,  873 
Staynew  Filter  Corp.,  874-875 
Westinghouse  Elec.  &  Mfg.   Co,, 

826-827,  876 
L.  J.  Wing  Mfg.  Co.,  855-857 

AIR  RECEIVERS  (See  Receivers, 
Air) 

AIR   TUBING,    Flexible   Metal 

(See  Tubing,  Flexible  Metallic) 

AIR  VELOCITY  METERS   (See 
Meters,  Air  Velocity) 


AIR  VELOCITY  REGULATORS 

Anemostat  Corp.  of  America,  919 
Barber-Colman  Co.,  921,940 
Johnson  Service  Co.,  948-949 
Minneapolis- Honey  well    Regulator 

Co.,  954-955 
Powers  Regulator  Co.,  958-959 

AIR  WASHERS 

Air-Maze  Corp.,  802-863 
American  Blower  Corp.,  918-919 
American  Coolair  Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Baker  Ice  Machine  Co.,  888 
Bayley  Blower  Company,  902 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
Clarage  Fan  Company,  821 
Delco    Appliance    Div.,     General 

Motors  Sales  Corp.,  832-833 
Meyer  Furnace  Company,  840 
L.  J.  Mueller  Furnace  Co.,  838-839 
D.  J.  Murray  Co.,  Unit  Heater  and 

Cooler  Div.,  852 
New  York  Blower  Co.,  910 
Parka-Cramer  Company,  822 
H.  J.  Somers,  Inc.,  873 
B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 

Utility  Fan  Corporation,  914 
Vilter  Manufacturing  Co.,  898 
York  Ice  Machinery  Corp.,  829 

ALARMS,  Water  Level 

Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
McDonnell  &  Miller,  990-991 
Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Mueller  Steam  Specialty  Co.,  1036 
Warren  Webster  &  Co.,  984-987 
Wright-Austin  Company,  1037 
Yarnall- Waring  Company,  1038 

ALGAE  PREVENTION  (See  also 

Slime  Prevention) 
Oakite  Products,  Inc.,  877 

ALUMINUM  FOIL,  Insulation 

Alfol  Insulation  Co.,  1058 
Reynolds  Metals  Co.,  Inc.,  1080 
Ruberoid  Co.,  The,  1078-1079 
United  States  Gypsum  Co.,  1082- 
1083 

ALUMINUM  FOIL  VAPOR 
BARRIER  (See  Aluminum  Foil) 

AMMONIA  COILS  (See  Coils, 
Ammonia) 

ANEMOMETERS 

Julien  P.  Friez  &  Sons,  Div.  of 
Bendix  Aviation  Corp.,  946 

Illinois  Testing  Laboratories,  Inc., 
950 

Taylor  Instrument  Companies,  962- 
963 

ASBESTOS  PRODUCTS  (See  also 

Insulation) 

Carey,  Philip,  Co.,  1061 
Ehret  Magnesia  Manufacturing  Co., 

1064-1065 

Johns-Manville,  1072-1073 
H.  W.  Porter  &  Co.,  1056 
Ric-wiL  Company,  The,  1057 
Ruberoid  Co.,  The,  1078-1079 
United  States  Gypsum  Co.,  1082- 

1083 


ATTIC  FAN  COOLERS  (See  Fans. 
Attic*,  Ventilators,  Attic) 

AUTOMATIC  FUEL  BURNING 
EQUIPMENT  (See  Burners,  Au- 
tomatic] Coal  Burners,  Automatic; 
Furnace  Burners;  Gas  Burners; 
Oil  Burners;  Stokers) 

AUTOMATIC   SHUTTERS   (See 

Shutters,  Automatic) 

AUTOMOBILE  HEATER  FANS 

Torrington  Mfg.  Co.,  The,  911-913 

BACTERIA  CONTROL 

Oakite  Products,  Inc.,  877 

BEARING,  Bronze 

Arthur  Harris  Co.,  1044 
Hastings  Air  Conditioning  Co.,  845 

BENDS,  Pipe,  Ferrous  and  Non- 
Ferrous 

Baker  Ice  Machine  Co,,  888 
Crane  Co.,  998-999 
Prick  Company,  891 
General  Refrigeration  Corp.,  892 
Grinnell  Co.,  Inc.,  972-974,  1034 
Arthur  Harris  &  Co.,  1044 
Parks-Cramer  Co.,  822 
Vilter  Manufacturing  Co.,  898 
York  Ice  Machinery  Corp,,  829 

BENDS,  Return  (See  Pipe,  Return 
Bends) 

BLOCKS,  Asbestos 

Carey,  Philip,  Co.,  1061 

Ehret  Magnesia  Manufacturing  Co., 

1064-1065 

Johns-Manville,  1072-1073 
Ruberoid  Co.,  The,  1078-1079 

BLOWERS,  Fan  (See  Fans,  Supply 
and  Exhaust) 

BLOWERS,  Forced  Draft 

American  Blower  Corp,,  818-819 
American  Coolair  Corp,,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
Coppus  Engineering  Corp.,  867 
Curtia  Refrigerating  Machine  Co., 
Div.  of  Curtis  Manufacturing  Co., 
890 

DeBothezat  Division  American  Ma- 
chine &  Metals,  Inc.,  905 
New  York  Blower  Co.,  910 
Serve!.  Inc.,  894 

B.  F.  Sturtevant  Co,,  908-909 
Westinghouse  Elec.   &   Mfg,   Co., 

826-827,  876 
L.  J.  Wing  Mfg.  Co.,  855-857 

BLOWERS,  Heating  and  Venti- 
lating 

American  Blower  Corp.,  818-819 
American  Coolair  Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
DeBothezat  Division  American  Ma- 
chine &  Metals,  Inc.,  905 

C.  A.  Dunham  Co.,  970-971 
Fedders  Manufacturing  Co.,  842- 

843 
Hastings  Air  Conditioning  Co.,  845 
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Ilg  Electric  Ventilating  Co,,  900 

F.  Jaden  Manufacturing  Co.,  846 

Lau  Blower  Co.,  907 

McQuay  Incorporated,  848-849 

Meyer  Furnace  Co.,  The,  840 

L.  J,  Mueller  Furnace  Co.,  838-839 

Herman  Nelson  Corp,,  853 

J.  J.  Neabitt,  Inc.,  854 

New  York  Blower  Co,,  910 

B,  F,  Sturtevant  Co.,  908-909 

Trane  Company,  The,  858-859 

United    States    Air    Conditioning 

Corp.,  828 
Westinghouse  Elec,   &  Mfg.  Co., 

820-827,  870 
Williams     Oil-Q-Matic     Heating 

Corp.,  830 
L,  J.  Wing  Mfg.  Co.,  855-857 

BLOWER  HOUSINGS 

Hastings  Air  Conditioning  Co.,  846 
Lau  Blower  Co.,  907 

BLOWER  MOTORS  (See  Motors, 
Electric] 

BLOWERS,  Pressure 

American  Blower  Corp,,  8,18-819 
American  Coolair  Corp,,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
DeBothcwt  Division  American  Ma- 
chine &  Metals,  Inc.,  905 
Ilg  Electric  Ventilating  Co,,  900 
Lau  Blower  Co.,  007 
Martoccllo,  Jos,  A,  &  Co.,  882 
New  York  Blower  Co.,  910 
B.  F.  Sturtevant  Co.,  908-909 
L.  J.  Wing  Mfg.  Co.,  855-857 

BLOWERS,  Turbine 

Coppus  Engineering  Corp.,  867 
General  Electric  Co,,  916-917 
B.  F.  Sturtevant  Co,,  908-909 
L.  J,  Wing  Mfg.  Co.,  856-857 

BLOWERS,  Warm  Air  Furnace 

American  Blower  Corp,,  818-819 
American  Coolair  Corp.,  900-901 
American  Radiator  &  Standard 

£3anitary  Corp.,  992-993 
Autovent  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
DeBothe^at  Division  American  Ma- 
chine &  Metals,  Inc.,  905 
General  Electric  Co,,  910-917 
Hastings  Air  Conditioning  Co.,  845 
F.  Jaden  Manufacturing  Co.,  846 
Lau  Blower  Co.,  007 
Meyer  Furnace  Company,  840 
L.  J,  Mueller  Furnace  Company, 

838-839 

New  York  Blower  Co.,  910 
Torrington  Mfg.  Co.,  911-913 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 
Westinghouse  Elec.  &  Mfg,   Co., 

826-827,  876 
L.  J,  Wing  Mfg,  Co,,  855-857 

BOILER-BURNER 

Airtemp  Div.,  Chrysler  Corp,,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Burner  Corp.,  1016 
Carrier  Corporation,  820 


Crane  Co.,  998-999 

Delco    Appliance    Div.,     General 

Motors  Sales  Corp.,  832-833 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Co.,  916-917 
Herman  Nelson  Corp.,  853 
Webster  Engineering  Co.,  1015 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 
Williams    Oil-0-Matic   Heating 

Corp.,  836 
York  Ice  Machinery  Corp.,  829 

BOILER  COMPOUNDS  (See  Com- 
pounds, Boiler} 

BOILER  COVERING  (See  Cover- 
ing, Pipes  and  Surfaces} 

BOILER     FEED     PUMPS     (See 
Pumps,  Boiler  Feed} 

BOILER  FEEDERS  (See  Feeders, 
Boiler} 

BOILER     TUBES     (See  Tubes, 
Boiler} 

BOILER  WATER  FIELD  KIT, 
for  Testing  and  Treating 

Vinco  Company,  988-989 

BOILER  WATER  TREATMENT 

Cochrane  Corp.,  1031 
Research  Products  Corp.,  872 
Vinco  Company,  Inc.,  988-989 

BOILERS,  Cast-Iron 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Burnham  Boiler  Corp.,  904-995 
Crane  Co,,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
L.  J,  Mueller  Furnace  Co.,  838-839 
Spencer  Heater  Division,  1008-1009 
United  States  Radiator  Corp.,  1010- 

1011 

Weil-McLain  Company,  1013 
Westinghouse  Elec.  &  Mfg.   Co,, 

826-827,  876 

BOILERS,  Down  Draft 

Brownell  Company,  1018 
Farrar  &  Trefts.  997 
Fitzgibbons  Boiler  Co.,  1000-1001 
Gar  Wood  Industries,  Inc.,  834-835 
International    Boiler   Works    Co., 

1006 

Kewanee  Boiler  Corp,,   1002-1005 
Pacific  Steel    Boiler   Div.,    U,   S, 

Radiator  Corp.,  1007 
Westinghouse  Elec.   &:  Mfg.   Co., 

826-827,  876 

BOILERS,  Gas  Burning 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp,,  992-993 
Brownell  Company,  1018 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  9984)99 
Delco    Appliance    Div..    General 

Motors  Sales  Corp.,  832-833 
C,  A.  Dunham  Co.,  970-971 
Farrar  &  Trefts,  Inc.,  997 
Fitzgibbons  Boiler  Co.,  1000-1001 
General  Electric  Company,  916-917 
International    Boiler   Works    Co., 

1006 

Kewanee  Boiler  Corp,,   1002-1003 
L.  J,  Mueller  Furnace  Co.,  838-839 


Pacific   Steel    Boiler   Div.,   U.    S. 

Radiator  Corp.,  1007 
Spencer  Heater  Division,  1008-1009 
Surface  Combustion  Corp.,  824-825 
United  States  Radiator  Corp.,  1010- 

1011 
Westinghouse   Elec,   &  Mfg.   Co., 

826-827,  876 

BOILERS,  Heating 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Brownell  Company,  1018 
Burnham  Boiler  Corp.,  994-995 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Delco    Appliance    Div.,     General 

Motors  Sales  Corp.,  832-833 
Farrar  &  Trefts,  Inc.,  997 
Fitzgibbons  Boiler  Co.,  1000-1001 
Gar  Wood  Industries,  834-835 
General  Electric  Company,  916-917 
International    Boiler   Works    Co., 

1006 

Kewanee  Boiler  Corp.,  1002-1005 
L.  J.  Mueller  Furnace  Co.,  838-839 
Pacific   Steel    Boiler   Div,,   U.    S, 

Radiator  Corp.,  1007 
Smith  Twin  Tubular  Boiler  Co., 

1012 

Spencer  Heater  Division,  1008-1009 
United  States  Radiator  Corp.,  1010- 

1011 

Weil-McLain  Company,  1013 
Westinghouse  Elec,   &  Mfg.   Co., 
826-827,  876 

BOILERS,  Magazine  Feed 

Burnham  Boiler  Corp.,  994-995 
Kewanee  Boiler  Corp.,   1002-1005 
Spencer  Heater  Division  1008-1009 
Weil-McLain  Company,  1013 

BOILERS,  Oil  Burning 

Airtemp  Div.  Chryglei  Corp,,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Burner  Corp.,  1016 
Babcock  &  Wilcox  Co.,  996 
Brownell  Company,  The,  1018 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  998-999 
Delco    Appliance    Div.,     General 

Motors  Sales  Corp.,  832-833 
Farrar  &  Trefts,  Inc.,  997 
Fitzgibbons  Boiler  Co.,  1000-1001 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
International    Boiler   Works    Co., 

1006 

Kewanee  Boiler  Corp.,  1002-1005 
L.  J.  Mueller  Furnace  Co.,  838-839 
Herman  Nelson  Corp,,  853 
Pacific   Steel    Boiler   Div,,   U.   S, 

Radiator  Corp,,  1007 
Smith  Twin  Tubular  Boiler  Co., 

1012 

Spencer  Heater  Division  1008-1009 
United  States  Radiator  Corp.,  1010- 

1011 

Weil-McLain  Company,  1013 
Westinghouse  Elec.   &   Mfg.   Co,, 

826-827,  876 

BOILERS,  Steel 

Babcock  &  Wilcox  Co.,  996 
Brownell  Company,  The,  1018 
Burnham  Boiler  Corp.,  994-995 
Combustion  Engineering  Co.,  1019 
Farrar  &  Trefts,  Inc.,  997 
Fitzgibbons  Boiler  Co.,  1000-1001 
Frick  &  Company,  891 


Numerals  following  Manufacturers1  Names  refer  to  pages  in  the  Catalog  Data  Section 

1099 


HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


Gar  Wood  Industries,  834-835 
International    Boiler    Works    Co,, 

100C 

Kewanee  Boiler  Corp.,  1002-1005 
Pacific   Steel    Boiler   Div.,    U.    S. 

Radiator  Corp.,  1007 
Smith  Twin  Tubular  Boiler  Co., 

1012 
Spencer  Heater  Division,  1008-1000 

BOILERS,  Water  Tube 

Babcock  &  Wilcox  Co.,  996 
Burnham  Boiler  Corp.,  994-995 
Combustion  Engineering  Co.,  1019 
Fitzgibbons  Boiler  Co.,  1000-1001 
Frick  Company,  891 
International    Boiler   Works    Co., 

1006 
Smith   Twin   Tubular   Boiler   Co, 

1012 
Spencer  Heater  Division,  1008-1009 

BREECHINGS  AND 
CHIMNEYS 

Bethlehem  Steel  Co.,  934 
Farrar  &  Trefts,  997 
International    Boiler   Works    Co,, 
1006 

BURNERS,  Automatic  (See  also 

Coal  Burners^  Stokers} 
Airtemp  Div.,  Chrysler  Corp.,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Barber  Gas  Burner  Co.,  1014 
Crane  Company,  998-999 
Combustion  Engineering  Co.,  1019 
Delco    Appliance    Div.,     General 

Motors  Sales  Corp.,  832-833 
Detroit  Stoker  Company,  1020-1021 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Iron  Fireman  Mfg.  Co.,  1022-1023 
MotorStoker  Div.,   Hershey   Ma- 
chine &  Fdy.  Co.,  1024 
Herman  Nelson  Corp.,  853 
Spencer  Heater  Division,  1008-1009 
Webster  Engineering  Co.,  1015 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 
Williams    Oil-0-Matic    Heating 

Corp.,  836 

BURNERS,  Goal  (See  Coal  Bur- 
ners) 

BURNERS,    Combination    Gas 
and  Oil 

Coppus  Engineering  Co.,  867 
Todd  Combustion  Equipment,  Inc., 

1017 
Webster  Engineering  Co.,  1015 

BURNERS,  Gas  (See  Gas  Burners) 
BURNERS,  Oil  (See  Oil  Burners') 

CALKING,  Building 

Chamberlin  Metal  Weather  Strip 

Co.,  1048-1049 
Johna-Manville,  1072-1073 

CASTINGS,  Bronze  and  Dairy 
Nickel  Silver  Metal 

Arthur  Harris  &,  Co.,  1044 

CEMENT,  Asbestos 

Carey  Philip,  Co.,  1061 
Eagle-Picher  Lead  Co.,  1063 
Ehret  Magnesia  Manufacturing  Co., 

1064-1065 

Johns-Manville,  1072-1073 
Ruberoid  Co.,  The,  1078-1079 


CEMENT,   Refractory   (See  Re- 
fractories) 

CEMENT,  Rock  Wool 
Carey,  Philip,  Co,,  1061 
Eagle-Picher  Lead  Co.,  1063 
EhretMagnesia  Manufacturing  Co,, 

1064-1065 

General  Insulating  &  Mfg,  Co.,  1000 
Insulation  Industries,  Inc.,  1067 
Johns-Manville,  1072-1073 
Ruberoid  Co.,  The,  1078-1079 
Standard  Lime  &  Stone  Co.,  1081 

CHAIN,    Furnace   Pulleys    (See 

also  Pulleys,  Chain) 
Auer  Register  Co.,  The,  t)20 
Barber-Colman  Co.,  921,940 
Hart  &  Cooley  Manufacturing  Co,, 

922-923 

Hendrick  Mfg.  Co.,  924 
Independent  Register  Co.,  925 
L.  J,  Mueller  Furnace  Co,,  838-839 
Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Register  Co,,  930 
Waterloo  Register  Co.,  931 

CIRCULATORS,     Hot     Water 
Heating 

Bell  and  Gossett  Co.,  969 
Crane  Company,  998-999 
General  Electric  Company,  916-917 
Triplex  Heating  Specialty  Co.,  982- 

983 
Westinghouse  Elec.   &  Mfg,   Co., 

826-827,  876 

CLEANERS,  Air  (See  Air  Cleaning 
Equipment) 

COAL    BURNERS,    Automatic, 
Anthracite 

Buffalo  Forge  Company,  903 
Crane  Company,  998-999 
Combustion  Engineering  Co,,  1019 
Iron  Fireman  Mfg.  Co.,  1022-1023 
MotorStoker   Div.,   Hershey   Ma- 
chine &  Fdy.  Co.,  1024 
Spencer  Heater  Division,  1008-1009 

COAL    BURNERS,    Automatic, 
Bituminous 

Brownell  Company,  1018 
Crane  Company,  998-999 
Combustion  Engineering  Co.,  1019 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
Detroit  Stoker  Company,  1020-1021 
Iron  Fireman  Mfg.  Co.,  1022-1023 
Meyer  Furnace  Company,  840 
Spencer  Heater  Division,  1008-1009 

COILS,  Aluminum 

Aerofin  Corporation,  883-885 
Baker  Ice  Machine  Co.,  888 
Delco  Appliance  Div.,  General 

Motors  Sales  Corp.,  832-833 
Arthur  Harris  &  Co.,  1044 
Kramer  Trenton  Co.,  847 
McQuay  Incorporated,  848-849 
J.  J.  Nesbitt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 
B.  F,  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
Young  Radiator  Company,  860 

COILS,  Ammonia 

Aerofin  Corporation,  883-885 
Baker  Ice  Machine  Co.,  888 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Frick  Company,  Inc.,  891 


G  &  0  Manufacturing  Co,,  886 
General  Refrigeration  Corp.,  892 
Kramer  Trenton  Co.,  847 
McQuay  Incorporated,  848-849 
D.  J.  Murray  Mfg,  Co.,  Unit  Heater 

and  Cooler  Div.,  852 
Refrigeration  Economics  Co,,  823 
Trane  Company,  The,  858-859 
Vilter  Manufacturing  Co.,  898 
Worthington  Pump  &  Machinery 

Corp.,  896-897 
Yarnall-Waring  Co.,  1038 
York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  800 

COILS,  Blast 

Aerolin  Corporation,  883-885 
American  Blower  Corp.,  818-819 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Autovent  Fan  &  Blower  Co,,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Carrier  Corporation,  820 
Clarage  Fan  Company,  821 

C.  A.  Dunham  Co.,  970-971 
Fedders  Manufacturing  Co,,  842- 

843 

G  Sr  0  Manufacturing  Co.,  886 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co,,  850-851 

D.  J.  Murray  Mfg,  Co,,  Unit  Heater 
&  Cooler  Div.,  852 

John  J.  Neabltt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 
B.  F,  wSturtevant  Co.,  908-909 
Trane  Company,  The,  858-850 
Westinghouse  Elec.   &   Mfg.   Co., 

826-827,  876 
Young  Radiator  Co,,  860 

COILS,  Brass 

Aerofin  Corporation,  883-885 

E.  B,  Badger  &  Sons  Co.,  1030 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Grinnell  Co,,  Inc.,  972-974,  1034 
Arthur  Harris  &  Co.,  1044 

B,  F.  Sturtevant  Co.,  908-909 

COILS,  Cooling 

Aerofin  Corporation,  883-885 
Baker  Ice  Machine  Co.,  888 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Curtis  Refrigerating  Machine  Co., 

Division  of  Curtis  Manufacturing 

Co.,  890 
Fedders  Manufacturing  Co.,  842- 

843 

Frick  Company,  891 
G  &  0  Manufacturing  Co.,  886 
General  Refrigeration  Corp.,  892 
McQuay,  Incorporated,  848-849 
Refrigeration  Economics  Co.,  823 
Trane  Company,  The,  858-859 
Vilter  Manufacturing  Co.,  898 
Worthington  Pump  &  Machinery 

Corp.,  896-897 

York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  860 

COILS,  Pipe,  Copper 

Aerofin  Corporation,  883-885 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
E.  B,  Badger  &  Son  Co.,  1030 
Baker  Ice  Machine  Co.,  Inc.,  888 
Bayley  Blower  Company,  902 
Bell  and  Gossett  Co.,  969 
Crane  Company,  998-999 
Curtis  Refrigerating  Machine  Co., 

Division  of  Curtis  Manufacturing 

Co.,  890 
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Feddcrs  MtuiufacturlnR  Co,,  842- 

843 

Frick  Company,  Inc.,  891 
Grinnell  Co,.  Inc.,  972-074,  1034 
Arthur  Harris^  Co.,  1044 
Kewanee  Boiler  Corp,,   1002-1005 
Mario  Coil  Company,  893 
Modlne  Manufacturing  C  ompany, 

8/50-851 

Kramer  Trenton  Co,,  847 
McQimy,   Incorporated,  848-849 
j.  J,  Neabitt,  Inc.,  BM 
Refrigeration  Economics  Co.,  82'J 
Servel,  I nc,f  SIM 
Westititfhouae  Klce.  &   Mftf.  Co., 

820-827,  87(5 

York  Ice  Machinery  Corp,,  829 
Young  Radiator  Company,  800 

COILS,  I*Ij><&  and  Tube,  Non- 
Ferrous 

Arthur  Harrig  &  Co.,  1044 

COILS,  Pipe,  Iron 

Acme  Industries,  Inc.,  887 
Bayley  Blower  Company,  002 
Garage  Kan  Company,  821 
Crane  Company,  998-990 
Frick  Company,  801 
General  Refrigeration  Corp,,  892 
Grinnell  Co..  inc..  072-974,  1034 
Arthur  Hurria  &  Co.,  1044 
Kramer  Trenton  Co.,  847 
Refrigeration  Economics  Co.,  823 
Vilter  Manufacturing  Co.,  898 
Worthington  Pump  &  Machinery 

Co.,  82(1-827,  H70 
York  leu  Machinery  Corp.,  829 

COILS,  StaInl«M  St«el 

Arthur  Harris  &  Co,,  1044 
COILS,  Tank 

American  District  Steam  Co.,  I()i!0 
American    Radiator    &    Standard 

Sanitary  Corp,,  092-003 
Baker  Ice  Machine  Co.,  888 
Bell  and  Gowett  Co,,  ttfltt 
Garage  Fan  ("ompany,  821 
Crane  Company,  Oft&fWO 
Frick  Company,  Inc.,  891 
Arthur  Marriu  &  Co,,  1044 
Kewanee  Boiler  Corp.,  1 002-1  OOfi 
McUuay,  Incorporated,  848-849 
Refrigeration  Keonomka  Co,,  823 
Vilter  Manufacturing  Co,,  80S 
York  Ice  Machinery  Corp,,  829 

COLUMNS,  Water 
Browncll  Company,  1018 
Crane  Company,  008-9110 
Detroit  Lubricator  Co,,  042-043 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co,,  1036 
Wrlght-Auitin  Company*  1087 
Yarnall- Waring  Company,  1038 

COMBUSTION  CHAMBERS 
Babcock  &  WIlcox  Co.,  900 
Combustion  Engineering  Co,,  10 10 

COMPOUNDS,    Asphalt,    for 
Conduits 

Ruberoid  Co,,  1078-1079 
COMPOUNDS,  Boiler 
Vinco  Co.,  Inc.,  088-989 

COMPOUNDS,  Boiler  and  Radi- 
ator Sealing 

Dole  Valve  Company,  1040 
John*  Man  vllle,  1,072-1073 
Vinco  Co,,  Inc.,  988-089 


COMPOUNDS,  Cleaning 

Oakite  Products,  Inc.,  877 
Vinco  Co.,  Inc.,  988-080 

COMPOUNDS,  Soot  Destroyer 
Vinco  Co.,  Inc.,  988-089 

COMPRESSORS,  Air 

Baker  Ice  Machine  Co.,  888 
Hinkfl  Manufacturing  Co.,  880 
BnmncT  Manufacturinp;  Co.,  889 
Curtis  Refrigerating  Machine  Co., 

Divwion  of  Curtia  Manufacturing 

( Company,  800 

General  Electric  Company,  910-917 
Nash  Engineering  Co.,  1026-1027 
B,  V.  Mturtcvant  Co.,  908-909 
Worthington  Pump  and  Machinery 

Corp,,  890-897 

COMPRESSOR  MOTORS  (Set 
Motors,  Electric) 

COMPRESSORS,   Refrigeration 

Airtemp  Div,,  Chrysler  Corp,,  830- 

831 

Baker  lee  Machine  Co,,  888 
Brunner  Manufacturing!  Co,,  889 
Cnrbondale    Div.,    Worthington 

Pump  Si  Machinery  Corp.,  SOB- 
BO? 

Currier  Corporation,  820 
Curtis  Refrigerating  Machine  Co,, 

Division   Curtia    Manufticturing 

Co.,  890 
Dulco    Appliance    Div.,    General 

Motors  Sttlcu  Corp.,  832-833 
Kitzwibbons  Boiler  Co.,  1000-1001 
Krick  Company,  891 
General  Kleotric  Company,  016-017 
General  Refrigeration  Corp.,  89J2 
vServel,  Inc.,  894 
Tnme  Company,  The,  858-859 
Unlvftnal  Cooler  Corp.,  895 
Vilter  Manufacturing  Co.,  898 
Weitinghouie  Elec.  &  Mfg.  Co., 

826-827,  876 
WIlHami    Oil-0-Matlc    Heating 

Corp,,  836 
York  Ice  Machinery  Corp.,  820 

COMPRESSOR  TUBING,  Flex- 
ible (Set  Tubing,  Flexible;  Metal- 
lic) 

CONDENSERS 

Acme  Industries,  Inc.,  887 
Aerofin  Corporation,  883-885 
Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

Baker  Ice  Machine  Co,,  888 
Brunner  Manufacturing  Co.,  889 
Carbondttle  Division  Worthington 

Pump  &  Machinery  Corp.,  890- 

897 

Carrier  Corporation,  820 
Curtis  Refrigerating  Machine  Co., 

Div.  Curtis  Manufacturing  Co,, 

890  ' 

Peddcrs  Manufacturing  Co.,  842- 

84:i 

Frick  Company,  Inc.,  891 
G  &  C)  Manufacturing  Co.,  880 
General  Electric  Company,  910-917 
General  Refrigeration  Corp.,  802" 
Mario  Coil  Company,  893 
McQuay,   Incorporated,  848-849 
Modinc  Mfg.  Co.,  850-851   -, 
Refrigeration  Economics  Co.,  823 

Servel.  Inc.,  894 

B.  K.  Sturtcvant  Co.,  908-909 
Tnme  Company,  858-851) 


Universal  Cooler  Corp.,  895 
Vilter  Manufacturing  Co.,  898 
Westinghouse   Elcc.  Sc   Mfg.   Co., 

826-827,  876 

York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  860 

CONDENSER  CLEANER 
Oukitc  Products,  Inc.,  877 

CONDUIT,  Flexible  Metallic 

Trane  Company,  The,  858-859 

CONDUITS,  Underground  Fit- 
tings 

American  District  Steam  Company, 

1029 

General  Electric  Company,  910-917 
H.  W.  Porter  &  Co.,  105(1 
Ric-wiL  Company,  The,  1057 

CONDUITS,  Underground  Pipe 

American  Brass  Company,   1042- 

1043 
American  District  Steam  Company, 

1029 

American  Rolling  Mill  Co.,  03.3 
Carey,  Philip,  Co.,  1061 
Ehret  Magnesia  Manufacturing  Co. 

1004-1065 

Jolma-Manvlllc,  1072-1073 
H.  W.  Porter  8c  Co.,  1056 
Ric-wiL  Company,  The,  1057 

CONNECTIONS,  Flexible 
Charging 

Henry  Valve  Company,  947 

CONTROL,  Air  Volume  Damper 

Anemostat  Corp.  of  America,  919 
Auer  Register  Co.,  The,  920 
Barber-Colman  Co.,  921 1  940 
Fulton  Sylphon  Co.,  944-945 
Hart  &  Cfooley  Mfg.  Co.,  922-928 
Illinois  Engineering  Co.,  978-979 
Independent  Register  Co.,  925 
Johnson  Service  Co.,  948-949 
Minneapolis-  Honeywell    Regulator 

Co.,  954-955 

Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Register  Co.,  930 
Waterloo  Register  Co.,  931 

CONTROL,  Boiler  Water  Level 

Crane  Company,  998-999 
Kieley  &  Mueller,  Inc.,  1035 
McDonnell  8c  Miller,  900-991 
Mueller  Steam  Specialty  Co.,  1036 
Spence  Engineering  Co.,  961 
Warren  Webster  &  Co.,  084-987 
Wright-Austin  Co.,  1037 

CONTROL  EQUIPMENT, 
Combustion 

Barber  Gas  Burner  Co.,  1014 
Bristol  Company,  The,  941 
Detroit  Lubricator  Co.,  942-943 
Fulton  Sylphon  Co,,  944-945 
Leeds  &  Northrup  Co.,  961 
McDonnell  &  Miller,  090-991 
Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-956 

Penn  Electric  Switch  Co.,  957 
Spence  Engineering  Co.,  961 
Webster  Engineering  Co,,  1015 
Weatlnghouae  Elcc.  &  Mfg.   Co., 

826-827,  876 

White-Rodgcra  Elec.  Co,,  965 
L.  J.  Wing  Mfg.  Co.,  855-857 
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INDEX  TO  MODERN  EQUIPMENT 


CUT-OFFS,  tow  Water 

Detroit  Lubricator  Co.,  942-943 
McDonnell  &  Miller,  OttO-Ml 
MinneupolWiwwywell    Regulator 

Co,,  954-055 

Penn  Electric  .Switch  Co,,  057 
Wright- Austin  Co,,  1037 

DAMPER  REGULATORS,  Boiler 

(Sfe  also 


American    Radiator    &    Standard 

Sanitary  Corp.*  1)1)2-993 
Barber-Colman  Co.,  021,  940 
Barnee  &  Jonea,  Inc.,  008 
Detroit  Lubricator  Co,.  942-943 
C,  A.  Dunham  Co,,  1)70-971 
Fulton  Sylphon  do,,  944-945 
Hoffman  Specialty  Co,,  Inc.,  070- 

niinola  Engineering  Co,,  978-070 
Kieley  &  Mueller,  Inc.,  1035 
Leeds  &  Northrup  Co.,  Ml 
Minneapolis  Honeywell    Regulator 

Co.,854-956 

Penn  Electric  Switch  Co.,  957 
Poweri  Regulator  Co-,  958-950 
Sarco  Company,  Inc.,  980-081 
Spence  Engineering  Co.,  901 
Taylor  Instrument  Cotnpaniei,  902- 

063 

Trane  Company,  The,  958«959 
Warren  Webater  &  Co.,  984-987 
Webster  Engineering  Co,,  1015 
Weatlnghouae  Klec.  &  Mfg,  Co,, 

820-827,  870 

DAMPER  REGULATORS, 
Furnace 

Automatic  Products  Corp,,  030 
Barber- Caiman  Co.,  921,  040 
Detroit  Lubricator  Co,,  0424)43 
Julkn  !»,   Krle*  &  Kona,   Div.  of 

Bendlx  Aviation  Corp.,  04(1 
Fulton  Sylphon  Co,,  9444)45 
Hart  &  Cooley  Mf«,  Co,,  9224)23 
Kieley  &  Mueller,  Inc.,  1035 
Leeda  &  Northrup  Co,,  951 
Manning,  Maxwell  &  Moore,  Inc., 

062 
Minneapolis-Honeywell    Regulator 

Co,.  054-955 

Penn  Electric  Switch  Co.,  057 
Pkndaire,  Incorporated,  926 
Powers  Regulator  Co,,  958-050 
Sarco  Company,  Inc.,  0804)81 
Spence  Engineering  Co.,  001 
Tuttle  &  Bailey,  Inc.,  9S7-929 
United  States  Reglrter  Co,,  030 
Webater  Engineering  Co,,  1015 
White- Rodgera  Klectrlc  Co,,  965 

DAMPERS,  Air  Volume  Control 

Anemoit&t  Corp,  of  America,  910 
Auer  Reuiwtcr  Co,,  The,  920 
Barber-Colman  Co.,  921,  940 
Champion  Blowctr  &  Forge  Co,,  904 
Hart  &  Cooky  Mfg,  Co,,  922-923 
Hendriek  Mfg.  Co,,  924 
Independent  Reglater  Co,,  025 
Johnaon  Service  Company,  948-949 
Mlnneapolia-  Honeywell    Regulator 

Co,,  954-955 

Tuttle  &  Bailey,  hie,,  9274)20 
United  States  Kegiater  Co,,  030 
Waterloo  Register  Co,,  931 

DAMPERS,  Flue 

Tuttle  &  Bailey,  Inc.,  0274)20 

DAMPERS,  Mechanical 

Barber-Colman  Co,,  921,  040 
Buffalo  Forge  Company,  003 
Clarage  Fan  Company,  821 


Fulton  Sylphon  Co,,  944-045 
Hart  &  Cooley  Mfg.  Co.,  922-923 
Johnson  Service  Co.,  948-949 
MInneapoliH-Honeywell    Regulator 

Co.,  954-91)5 

Powers  Regulator  Co,,  058-959 
United  States  Register  Co.,  930 

DAMPERS,    Back    Draft    (Set 
s,  Air  Volume  Control) 


DKHUMIDIPIERS 

Aerolin  Corporation,  883-885 
Airtemp  Div,,  Chrysler  Corp,,  830- 

83  1 

American  Blower  Corp,,  818-819 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Carbondale    Div.,    Worthington 

Pump  &  Machinery  Corp.,  896- 

897 

Carrier  Corporation,  820 
Oarage  Fan  Company,  821 
General   Refrigeration   Corp.,  892 
Grlnndl  Co,,  Inc.,  972-974,  1084 
McQuay,  Incorporated,  848-849 
J,  J,  Neabttt,  Inc.,  864 
Parka-Cramer  Co,,  822 
Refrigeration  Economics  Co,,  823 
IL  J,  Somera,  Inc.,  873 
Surface  Combustion  Corp.,  824-825 
Trane  Company,  The,  858-860 
United    States    Air    Conditioning 

Corp.,  828 
Weatinghouae  Klec.  &  Mfg.  Co,, 

82(1-827,  876 
York  Ice  Machinery  Corp.,  820 

PEHYDRATORS,  ReM&orant 

Henry  Valve  Co,,  047 

DBHYDRA-TBGTORS, 
Refrigerant* 

Henry  Valve  Co.,  947 

DEHYDRANTS 
Henry  Valve  Co,,  947 

DEODORANTS 

W,  B.  Connor  Engineering  Corp., 

Dorex  Division,  800 
Oakitc  Products,  Inc.,  877 

DESTROYERS,  Soot  (See  Soot 
Destroyer) 

DIFFUSERS,  Air  (5w  Air  Dif- 
fusers,  and  Ventilators.  Floor  and 
Wall] 

DISTRICT  HEATING  (See  also 
Corrosion  Treatment  of~~~Hxpan» 
sion  Joints-—  Insulation,  Under- 
ttrQund^Mniers,  Pipe)  « 

American  District  Steam  Co.,  1020 

IL  W,  Porter  &  Co,,  1050 

Kic-wiL  Company,  The,  1057 

DOOR  BOTTOM  SEALS 

Chamberiin  Metal  Weather  Strip 
Co,,  1048-1040 

DRAFT  APPARATUS  (See  Blm- 
ers,  Forced  Draft) 

DRYERS,  Refrigerant 
Henry  Valve  Company,  047 

DRYING  EQUIPMENT 

Aerofin  Corporation,  883-885 
American  Blower  Corp.,  818-810 
American,  Coolair  Corp.,  900-901 
American    Radiator    &    Standard 
Sanitary  Corp,,  902-903 


Autovcnt  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Co.,  903 
Carbondale    Div.,    Worthington 

Pump  &  Machinery  Co.,  896-897 
Carrier  Corporation,  820 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
Delco    Appliance    Div.,     General 

Motors  Sales  Corp.,  832-833 
Electric  Air  Heater  Co.,   Div.  of 

American    Foundry    Equipment 

G  &  6'  Manufacturing  Co.,  The,  886 
llg  Electric  Ventilating  Co.,  906 
McQuay,  Incorporated,  848-849 
Refrigeration  Economics  Co.,  823 
B.  F.  Sturtevant  Co.,  908-909 
Surfarce  Combustion   Corp.,  824- 

825 

Trane  Company,  The,  858-859 
L.  J.  Wing  Mfg.  Co.,  855-857 
York  Ice  Machinery  Corp.,  829 

DUCT  INSULATION  (See  Insu- 
lation, Duct) 

DUCTS,  Prefabricated  (See  also 

Fittings,  Air  Ducts,  Furnace) 
Carey,  Philip,  Co.,  1061 
Gar  Wood  Industries,  Inc.,  834-835 
L.  J,  Mueller  Furnace  Co.,  838-839 

DUST  COLLECTING 
EQUIPMENT 

American  Air  Filter  Co.,  864-805 
American  Blower  Corp.,  818-810 
Buffalo  Forge  Company,  903 
Clarage  Fan  Company,  821 
Davies  Air  Filter  Corp.,  868 
Owens-Corning    Fiberglas    Corp., 

870-871 

Staynew  Filter  Corp.,  874-875 
B.  F.  Sturtevant  Co.,  908-909 
Weatlnghouse  Elcc.   &   Mfg.   Co., 

826-827,  870 

DUST  COLLECTORS,  Cloth 
Type 

American  Air  Filter  Co.,  864-865 
American  Blower  Corp.,  818-819 
Daviea  Air  Filter  Corp,,  868 
Staynew  Filter  Corp,,  874-875 

EJECTORS,  Sewage 

Nash  Engineering  Co,,  1026-1027 

ELECTROSTATIC  AIR 
CLEANERS 

Weatinghouae  Elec.  &  Mfg.  Co.,  876 

ENGINES,  Diesel 
Worthington  Pump  &  Machinery 
Corp.,  89(5-897 

EVAPORATIVE  CONDENSERS 

(See  Condensers  and  Evaporators) 

EVAPORATORS 

Acme  Industries,  Inc.,  887 
Aerofin  Corporation,  883-885 
Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

Baker  Ice  Machine  Co.,  Inc.,  888 
Buffalo  Forge  Co.,  903 
Carbondale    Div.,    Worthington 

Pump  &  Machinery  Corp.,  896- 

897 

Carrier  Corporation,  820 
Curtis  Refrigerating  Machine  Co., 

Div.  Curtis  Manufacturing  Co., 

890 
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HEATING    VENTILATING    AIR  CONDITIONING    GUIDE  1941 


Fedders  Manufacturing  Co.,  842- 

S43 

Frick  Company,  Inc.,  891 
General  Refrigeration  Corp.,  892 
General  Electric  Company,  916-917 
Mario  Coil  Company,  893 
McQuay,  Incorporated,  848-849 
J.  J.  Nesbitt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 
Servel,  Inc.,  894 
B.  F.  Sturtcvant  Co.,  908-909 
Trane  Company,  The,  858-8,59 
Vilter  Manufacturing  Co.,  898 
Westinghouse  Elec.  &  Mfg.   Co., 

826-827,  876 

York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  860 

EXHAUSTERS 

L.  J.  Wing  Mfg.  Co.,  855-857 

EXHAUST  HEADS   (See   Heads, 
Exhaust] 

EXHAUST    TUBING,    Flexible 

(See  Tubing,  Flexible,  Metallic) 

EXPANSION  JOINTS 

American  District  Steam  Co.,  1029 
E.  B.  Badger  &  Sons  Co.,  1030 
Baker  Ice  Machine  Co.,  888 
Crane  Company,  998-999 
Fulton  Sylphon  Co.,  944-945 
Grinnell  Co.,  Inc.,  972-974,  1034 
Arthur  Harris  &  Co.,  1044 
Illinois  Engineering  Co.,  978-979 
Ric-wiL  Company,  1057 
Warren  Webster  &  Co.,  984-987 
Yarnall-Waring  Co.,  1038 

EXPOSITIONS 

International  Exposition  Co.,  9C6 

FANS,  Attic 

Airtherm  Manufacturing  Co.,  841 
American   Blower   Corp.,   818-819 
American  Coolair  Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Burnham  Boiler  Corp.,  994-995 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
DeBothezat  Division  American  Ma- 
chine &  Metals,  Inc.,  905 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Ilg  Electric  Ventilating  Cof,  906 
F.  Jaden  Manufacturing  Co.,  846 
Lau  Blower  Co.,  907 
Meyer  Furnace  Company,  840 
L.  J.  Mueller  Furnace  Co.,  838-839 
John  J.  Nesbitt,  Inc.,  854 
H.  J.  Somers,  Inc.,  873 
B.  F.  Sturtevant  Co.,  908-909 
Torrington  Mfg.  Co,,  911-913 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 

Wagner  Electric  Corp.,  915 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 
L.  J.  Wing  Mfg.  Co.,  855-857 

FAN  BLADES 

American   Blower   Corp.,   818-819 
American   Coolair  Corp.,  900-901 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
DeBothezat     Division,     American 

Machine  &  Metals,  Inc.,  905 
Servel,  Inc.,  894 


Torrington  Mfg.  Co.,  911-913 
Westinghouse  Elec.   &   Mfg.   Co., 

82G-827,  870 
L.  J,  Wing  Mfg,  Co.,  85r>-8f>7 

FANS,  Centrifugal 
American   Blower   Corp.,   818-819 
American   Coolair   Corp.,   900-901 
Autovent  Fan  &  Blower  Co.,  800 
Bayley  Blower  Company,  002 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  1)04 
Clarage  Fan  Company,  821 
General  Electric  Company,  910-91 7 
Hastings  Air  Conditioning  Co.,  845 
Ilg  Electric  Ventilating  Co.,  90(S 
F.  Jaden  Manufacturing  Co.,  840 
Lau  Blower  Co.,  907 
Meyer  Furnace  Company,  840 
Herman  Nelson  Corp.,  853 
New  York  Blower  Co.,  910 
B.  F.  Sturtevant  Co.,  908-909 
Torrington  Mfg.  Co.,  911-913 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 
L.  J.  Wing  Mfg.  Co.,  855-857 

FANS,  Electric 

Airtherm  Manufacturing  Co.,  841 
American  Coolair   Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
Coppus  Engineering  Corp.,  867 
DeBothezat     Division,     American 

Machine  &  Metals,  Inc.,  905 
;Electric  Air  Heater  Co.,  Div.  of 
'"    American    Foundry    Equipment 

Co.,  844 

General  Electric  Company,  9 16-9 17 
Torrington  Mfg.  Co.,  911-913 
Wagner  Electric  Corp.,  935 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 
L.  J.  Wing  Mfg.  Co.,  855-857 

FANS,  Furnace 

American   Blower   Corp.,   818-819 
Autovent  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
DeBothezat    Division,    American 

Machine  &  Metals,  Inc.,  905 
Hastings  Air  Conditioning  Co.,  845 
Lau  Blower  Co.,  907 
Meyer  Furnace  Co.,  The,  840 
L.  j.  Mueller  Furnace  Co.,  838-839 
Torrington  Mfg.  Co.,  911-913 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 
Westinghouse   Elec.   &   Mfg.   Co., 

826-827,  876 
L.  J.  Wing  Mfg.  Co.,  855-857 

FAN  MOTORS  (See  Motors,  Elec- 
tric) 

FANS,  Portable 

American    Blower   Corp.,   818-819 
American   Coolair  Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Coppus  Engineering  Corp.,  867 
DeBothezat    Division,     American 

Machine  Si  Metals,  Inc.,  905 
General  Electric  Company,  916-917 
Ilg  Electric  Ventilating   Co.,   906 


Lau  Blower  Company,  907 
New  York  Blower  Co.,  010 
Torrington  Mfg.  Co.,  911-013 
Wagner  Electric  Corp.,  015 
Westinghouse   Elec.   &  Mfg.   Co., 

826-827,  870 
U  J.  Wing  Mfg.  Co.,  855-857 

FANS,  Propeller 
Airtherm  Manufacturing  Co.,  841 
American    Blower   Corp.,   818-819 
American   Cool-air   Corp.,   900-901 
Autovent  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Oarage  Kan  Company,  821 
Coppua  Engineering  Corp,,  867 
DeBothexut     Division,     American 

Machine  &  Metala,  Inc.,  905 
General  Electric  Company,  016-917 
Ilg  Electric  Ventilating  Co,,  906 
Lau  Blower  Company,  907 
Marley  Co.,  The,  881 
New  York  Blower  Co.,  910 
Servel.  Inc.,  894 
B.  F.  Sturtevant  Co.,  908-909 
Torrington  Mfg.  Co.,  911-913 
Trane  Company,  The,  858-859 
United    Suites    Air    Conditioning 

Corp.,  828 
Weatinghouae  Elec.   &  Mfg.   Co., 

826-827,  870 
L.  J.  Wing  Mfg.  Co,,  855-857 

FANS,  Supply  and  Exhaust 

Airtherm  Manufacturing  Co.,  841 
American  Blower  Corp.,  818-819 
American  Coolair  Corp.,  900-901 
American  Radiator  &  Standard 

Sanitary  Corp.,  092-993 
Autovent  Kan  8c  Blower  Co.,  899 
Bayley  Blower  Company,  1)02 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821 
DeBothezat     Division,     American 

Machine    &    Metala,    Inc.,    905 
General  Electric  Company,  916-917 
Coppus  Engineering  Co.,  867 
Hastings  Air  Conditioning  Co.,  845 
Ilg  Electric  Ventilating  Co.,  906 
Lau  Blower  Co.,  907 
Meyer  Furnace  Company,  840 
L.  J.  Mueller  Furnace  Co.,  838-839 
Herman  Nelson  Corp.,  853 
New  York  Blower  Co.,  910 
H.  J.  Sotnere,  Inc.,  873 
B.  F.  Sturtevant  Co.,  908-909 
Torrington  Mfg.  Co.,  911-913 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 

Utility  Fan  Corporation,  914 
Wagner  Electric  Corp.,  015 
Westinghouse  Elec.   Sc  Mfg.   Co., 

826-827,  876 
L.  J.  Wing  Mfg.  Co.,  855-857 

FEED  WATER  HEATERS   (See 
Heaters,  Feed  Water) 

FEED   WATER  REGULATORS 

(See  Regulators,  Feed  Water) 

FEEDERS,  Boiler 

Crane  Company,  998-999 
Kieley  &  Mueller,  Inc.,  1035 
McDonnell  &  Miller,  990-991 
Mueller  Steam  Specialty  Co.,  1036 
Spence  Engineering  Co.,  961 
Warren  Webster  &  Co.,  984-987 
Weatinghouae  Elec.   &  Mfg.   Co., 

826-827,  876 
Wright-Austin  Co.,  1037 
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FEEDERS,  Water 

Kiclcy  &  Mueller,  Inc.,  1035 
McDonnell  &  Miller,  990-091 
Mueller  Steam  Specialty  Co.,  1030 
Wright-Austin  Co.,  1037 

FELT,  Sound  Deadening 

Carey,  Philip,  Co.,  100 1 

Ehrct  Magnesia  Mfg.  Co..   1004- 

100f> 

Johna-Manvillc,  1072-1073 
Ruberoid  Company,  1078-1079 

FELT,  Insulating  (,S>e  Insulation, 
Fell] 

FILTERS,  Air  (See  also  Air  Clean- 
ing Equipment} 

Air-Maze  Corporation,  862-803 
American  Air  Filter  Co,,  Inc.,  864- 

865 
American    Radiator    &    Standard 

Sanitary  Corp,,  992-993 
Sinks  Manufacturing  Co-,  880 
Blocksom  &  Company,  806 
Coppus  Engineering  Corp.,  867 
Davles  Air  Filter  Corp,,  868 
Detroit  Lubricator  Co.,  942-043 
Martocello,  Jos.  A.  &  Sons,  882 
Owens-Corning     Fiberglas     Corp., 

870-871 

Research  Products  Corp.,  872 
H.  J.  Homers,  Inc.,  873 
Staynew  Filter  Corp.,  874-875 
Westinghoiwe   Klee.   &   Mfg.   Co., 
82(1-827,  870 

FIBREBRICK,  Insulating 

Armstrong  Cork  Company,  1000 
Babcock  &  Wilcox,  990 
Johns- Man  vino,  1072-1073 

FITTINGS,  Air  Ducts,  Furnace 

Carey,  Philip,  Co.,  1001 
Gar  Wood  Industries,  Inc.,  834-835 
L,  j.  Mueller  Furnace  Co,,  838-839 
United  States   Register  Co.,   930 

FITTINGS,  Pipe,  Flanged 

American  Rolling  Mill  Co,,  933 
Baker  Ice  Machine  Co.,  888 
Carnegie- Illinois  Steel  Corp.,  035 
Crane  Company,  098-999 
Dole  Valve  Company,  1040 
Frick  Company,  801 
GrJnnell   Co.,   Inc.,  972-974,   1034 
Arthur  Harris  &  Co.,  1044 
Henry  Valve  Co,,  947 
Worthington  Pump  &  Machinery 

Co,,  890-897 
York  Ice  Machinery  Corp.,  829 

FITTINGS,  Pipe,  Screwed 

Baker  Jce  Machine  Co.,  888 

Crane  Company,  998-999 

Frick  Company,  891 

Grinnell  Co.,  Inc.,  972-974, 1034 

Henry  Valve  Company,  947 

Worthington  Pump  &  Machinery 

Co.,  890-897 
York  Ice  Machinery  Corp.,  829 

FITTINGS,  Pipe,  Solder 

American   Brass  Company,   1042- 

1043 

Crane  Company,  998-999 
Wolverine  Tube  Company,  1045 

FITTINGS,    Pipe,    for    Under- 
ground Conduit 

American  District  Steam  Company, 
1029 


Khret  Magnesia  Manufacturing  Co,, 

1004-1005 

H.  W.  Porter  Co.,  1056 
Ric-wiL  Company,  The,  1057 

FITTINGS,  Pipe,  Sweat 

American   Brass   Company,   1042- 

Amcrican    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Crane  Company,  998-999 
Wolverine  Tube  Company,  1045 

FITTINGS,  Welded 

American  Rolling  Mill  Co.,  933 
Crane  Company,  998-999 
Gar  Wood  Industries,  Inc.,  834-835 
Grinnell  Co.,   Inc.,  972-974,  1034 
York  Ice  Machinery  Corp.,  829 

FLOATS,  Metal  (See  Trap  and 
Valve) 

Arthur  Harris  8c  Co.,  1044 
Wright-Austin  Co.,  1037 

FLOOR  AND  CEILING  PLATES 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Carnegie- Illinois  Steel   Corp.,  935 
Crane  Company,  998-999 
Grinnell  Co.,   Inc.,  972-074,   1034 
Tuttle  &  Bailey,  Inc.,  927-929 

FLUE  GAS  ANALYSIS 

Julien  P.   Fries!  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  940 
Leeds  &  Northrup  Co.,  951, 
Minneapolis- Honey  well    Regulator 
Co.,  954-955 

FORCED-AIR  DUCTS  and  FIT- 
TINGS (See  Ducts,  Fittings) 

FORCED  DRAFT  COOLING 
TOWERS  (See  also  Fans,  Cooling 
Towers,  Induced  Draft,  Mechani- 
cal Draft) 

Baker  Ice  Machine  Co.,  888 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
Marley  Company,  881 
York  Ice  Machinery  Corp,,  829 

FURNACE- BURNER 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Burner  Corp.,  1010 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Iron  Fireman  Mfg.  Co.,  1022-1023 
Meyer  Furnace  Company,  84(3 
L.  J.  Mueller  Furnace  Co.,  838-839 
Herman  Nelson  Corp.,  853 
Surface  Combustion  Corp.,  824-825 
Webster  Engineering  Co,,  1015 
Weatlnahouse  Elec.   &  Mfg.   Co., 

820-827,  870 
Williams    Oil-0-Matic    Heating 

Corporation,  830 

FUEL  BURNING  EQUIPMENT, 
Automatic  (Wee  Burners,  Auto- 
matic', Coal  Burners,  Automatic; 
Furnace  Burners;  Gas  Burners; 
Oil  Burners;  Stokers) 


FURNACE  PIPE 

Johns-Manville,  1072-1073 
Meyer  Furnace  Company,  840 
United  States  Register  Co.,  930 

FURNACE  REGULATORS   (See 

Regulators,  Furnace) 

FURNACES,  Electric 

General  Electric  Company,  916-917 
Westinghouse  Elec.   &  Mfg.   Co,, 
826-827,  876 

FURNACES,  Warm  Air 

Acme  Heating  &  Ventilating  Co., 

837 
Airtemp  Div.,  Chyrsler  Corp.,  830- 

831 

Airtherm  Manufacturing  Co.,  84.1 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Delco    Appliance    Div.,     General 

Motors  Sales  Corp.,  832-833 
Fitzgibbons  Boiler  Co.,  1000-1001 
Gar  Wood  Industries,  834-835 
General  Electric  Company,  916-917 
Meyer  Furnace  Co.,  The,  840 
L.  J.  Mueller  Furnace  Co.,  838-839 
Herman  Nelson  Corp.,  853 
Spencer  Heater  Division,  1008-1009 
Surface  Combustion  Corp.,  824-825 
United  States  Radiator  Corp.,  1010- 

1011 

Utility  Fan  Corporation,  91,4 
Wcatinghouse  Elec.  £  Mfg.   Co., 

820-827,  876 

GAGE  BOARDS 

Baker  Ice  Machine  Co.,  888 
Bristol  Company,  The,  941 
Frick  Company,  891 
Manning,  Maxwell  &  Moore,  Inc., 

952 
Minneapolis- Honey  well    Regulator 

Co.,  954-955 

Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

903 
United  States  Gauge  Co.,  964 

GAGE  GLASSES 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Crane  Company,  998-999 
Jenkins  Bros.,  1041 
Yarnall-Waring  Co.,  1038 

GAGES,  Altitude 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Bell  &  Gosaett  Company,  909 
Bristol  Company,  The,  941 
Crane  Company,  998-999 
Mercoid  Corporation,  953 
Taylor  Instrument  Companies,  962- 

963 
Triplex    Heating    Specialty    Co., 

982-983 
United  States  Gauge  Co.,  964 

GAGES,  Ammonia 

Baker  Ice  Machine  Co.,  888 
Crane  Company,  998-999 
Frick  Company,  Inc.,  891 
Manning,  Maxwell  &  Moore,  952 
Martocello,  Jos.  A..  &  Co.,  882 
Mercoid  Corporation,  953 
United  States  Gauge  Co.,  964 
Vilter  Manufacturing  Co.,  898 
York  Ice  Machinery  Corp.,  829 
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GAGES,  Compound 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Crane  Company,  998-999 
Dole  Valve  Company,  1040 
C.  A.  Dunham  Co.,  970-971      •' 
Hoffman  Specialty  Co.,  Inc.,  970- 

977 

Illinois  Engineering  Co.,  978-979 
Manning,  Maxwell  &  Moore,  ,Inc., 

952 

Mercoid  Corporation,  953 
Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
United  States  Gauge  Co.,  964 
Warren  Webster  &  Co.,  984-987 

GAGES,  Liquid  Level 

Bristol  Company,  941 
Henry  Valve  Company,  947 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Manning,  Maxwell  &  Moore,  952 
Taylor  Instrument  Companies,  962- 

963 
United  States  Gauge  Co.,  964 

GAGES,  Pressure 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Anderson  Products,  Inc.,  1039 
Baker  Ice  Machine  Co.,  Inc.,  888 
Bristol  Company,  941 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 

Trane  Company,  The,  858-859 
Triplex    Heating    Specialty    Co., 

982-983 
United  States  Gauge  Co.,  964 

GAGES,  Steam 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Anderson  Products,  Inc.,  1039 
Bristol  Company,  941 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 

United  States  Gauge  Co.,  964 
Warren  Webster  &  Co.,  984-987 

GAGES,  Tank 

Detroit  Lubricator  Co.,  942-943 

Frick  Company,  891 

Julien  P.   Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 
Taylor  Instrument  Companies,  962- 

963 
Wright- Austin  Co.,  1037 

GAGES,  Vacuum 

Anderson  Products,  Inc.,  1039 
Bristol  Company,  941 


Crane  Company,  998-999 

C.  A.  Dunham  Company,  970-971 

Julien  P.   Friez  &  Sons,   Div.  of 

Bendix  Aviation  Corp,,  940 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Spence  Engineering  Co.,  901 
Taylor  Instrument  Companies,  962- 

963 

Trane  Company,  The,  858-859 
United  States  Gauge  Co.,  964 
Warren  Webster  &  Co.,  984-987 

GAGES,  Vapor 

Bristol  Company,  The,  941 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Spence  Engineering  Co.,  961 
United  States  Gauge  Co.,  964 
Warren  Webster  &  Co.,  984-987 

GAGES,  Water 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Baker  Ice  Machine  Co.,  888 
Bristol  Company,  941 
Crane  Company,  998-999 
Detroit  Lubricator  Co.,  942-943 
Frick  Company,  891 
Julien  P.   Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Surface  Combustion  Corp.,  824-825 
Taylor  Instrument  Companies,  962- 

963 

United  States  Gauge  Co.,  964 
Wright-Austin  Co.,  1037 
Yarnall- Waring  Co.,  1038 

GAS  BURNERS 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Barber  Gas  Burner  Co.,  1014 
Coppus  Engineering  Corp.,  867 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
Spencer  Heater  Div.,  1008-1009 
Todd  Combustion  Equipment,  Inc., 

1017 

Webster  Engineering  Co.,  1015 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 

GASKETS,  Asbestos 

Crane  Company,  998-999 

Ehret  Magnesia  Manufacturing  Co., 

1064-1065 

Frick  Company,  891 
Jenkins  Bros.,  1041 
Johns-Manville,  1072-1073 
Ruberoid  Co.,  The,  1078,  1079 


GASKETS,  Cork 

Armstrong  Cork  Company,  100 
Crane  Company,  998-999 
Johns-Manville,  1072-1073 
Mundet  Cork  Corp.,  1070 

GASKETS,  Felt 

Johns-Manville,  1072-1073 

GASKETS,  Rubber 

Crane  Company,  998-999 

Ehret  Masncsla  Manufacturing  Co., 

1004-1005 

Frick  Company,  801 
Jenkins  Bros.,  1041 
Johns-Manville,  1072-1073 

GLASS    (See    Insulation,    Double 
Glass) 

GLASS  BLOCKS 

Owens-Illinois  Glass  Co.,  1054 
Pittsburgh  Corning  Corp,,  1055 

GOVERNORS,  Pump 

Crane  Company,  998-999 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Spence  Engineering  Co.,  961 
Warren  Webster  &  Co.,  984-987 
Wright-Austin  Co.,  1037 

GRATES  FOR  BOILERS  AND 
FURNACES 

American  Coolair  Corp.,  900-901 
Combustion  Engineering  Co.,  1019 
Fitzgibbons  Boiler  Co.,  Inc.,  1000- 

1001 
International    Boiler   Works    Co., 

1006 

Kewanee  Boiler  Corp.,  1002-1005 
L,  J.  Mueller  Furnace  Co.,  838-839 
United  States  Radiator  Corp.,  1010- 

1011 

GRILLES,     REGISTERS    AND 
ORNAMENTAL     METAL 
WORK  (See  also  Registers) 
Air  Control  Products,  Inc.,  918 
American  Blower  Corp.,  818-819 
American   Coolair   Corp.,   900-901 
Anemostat  Corp.  of  America,  919 
Auer  Register  Co,,  The,  920 
Barber-Colrhan  Co,,  921,  940 
Hart  &  Cooley  Manufacturing  Co,, 

022-923 

Hendrick  Mfg.  Co.,  924 
Independent  Register  Co.,  925 
McQuay,  Incorporated,  848-849 
L.  J.  Mueller  Furnace  Co.,  838-839 
Plandaire,  Incorporated,  926 
Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
United    States    Air    Conditioning 

Corp.,  828 

United  States  Register  Co.,  930 
Waterloo  Register  Co.,  931 
Wickwire  Spencer  Steel  Co.,  932 

HANGERS,  Pipe 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Baker  Ice  Machine  Co.,  888 
Crane  Company,  998-999 
Frick  Company,  891 
Grinnell  Co.,  Inc.,  972-974,  1034 
Ric-wiL  Company,  The,  1057 
Vilter  Manufacturing  Co.,  898 
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HANGERS,  Radiator 

American    Radiator    &    Standard 

Sanitary  Corp.,  902-993 
Crane  Company,  998-999 
Grinnell  Co.,  Inc.,  972-974,  1034 
United  States  Radiator  Corp.,  1010- 

1011 

HEADS,  Exhaust 

Cochrane  Corporation,  1031 
Crane  Company,  998-999 
Kieley  &  Mueller,  Inc.,  1035 
Wright- Austin  Co.,  1037 

HEADS,    Sprinkler    (Fire  Protec- 
tion) 
Grinnell  Co.,  Inc.,  972-974,  1034 

HEAT  SURFACE 

Aerofm  Corporation,  883-885 
Airtherm  Manufacturing  Co.,  841 
American    Blower    Corp.,    818-819 
Buffalo  Forge  Company,  903 
C.  A.  Dunham  Co.,  970-971 
Electric  Air  Heater  Co.,  Div.  of 

American    Foundry   Equipment 

Co.,  844 
Fedders  Manufacturing  Co.,  842- 

843 

G  &  0  Manufacturing  Co.,  886 
General  Electric  Company,  916-917 
Ilg  Electric  Ventilating  Co.,  906 
McQuay,  Incorporated,  848-849 
Modine  Manufacturing  Co.,  850-851 
John  J,  Nesbitt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 

B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
Unit  Heater  &  Cooler  Co.,  852 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 

L.  J.  Wing  Mfg.  Co.,  855-857 
York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  860 

HEATERS,  Air 

Acme  Heating  &  Ventilating  Co., 

837 

Aerofm  Corporation,  883-885 
Airtcmp  Div.,  Chrysler  Corp.,  830- 

831 

Airtherm  Manufacturing  Co..  841 
American  Blower  Corp.,  818-819 
American    Radiator    &    Standard 

Sanitary  Corp,,  992-993 
Autovcnt  Fan  &  Blower  Co.,  899 
Baker  Ice  Machine  Co.,  888 
Buffalo  Forge  Company,  903 
Carrier  Corporation,  820 
Clarage  Fan  Company,  821 
Combustion  Engineering  Co.,  1019 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 

C.  A.  Dunham  Co.,  970-971 
Electric  Air  Heater  Co.,  Div,  of 

American    Foundry    Equipment 

Co.,  844 
Fedders  Manufacturing  Co.,  842- 

843 

Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  910-917 
Grinnell  Co.,  Inc.,  972-974,  1034 
Ilg  Electric  Ventilating  Co.,  906 
Iron  Fireman  Mfg.  Co.,  1022-1023 
Mario  Coil  Company,  893 
McQuay,  Incorporated,  848-849 
Meyer  Furnace  Company,  840 
Modine  Mfg.  Co.,  850-851 
Herman  Nelson  Corp.,  853 
John  J.  Nesbitt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 


B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 

Utility  Fan  Corporation,  914 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 

L.  J.  Wing  Mfg.  Co.,  855-857 
York  Ice  Machinery  Corp.,  829 
Young  Radiator  Company,  860 

HEATERS,  Automatic  Hot 
Water,  Domestic 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Burner  Corp.,  1016 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 

C.  A.  Dunham  Co.,  970-971 
Fitzgibbons  Boiler  Co.,  Inc.,  1000- 

1001 

Gar  Wood  Industries,  Inc.,  834-835 
Kewanee  Boiler  Corp.,  1002-1005 
Spencer  Heater  Division,  1008-1009 
United  States  Radiator  Corp.,  1010- 

1011 
Williams    Oil-0-Matic    Heating 

Corp.,  836 
Westinghouse  Elec.  &  Mfg.   Co., 

826-827,  876 
Young  Radiator  Company,  860 

HEATERS,  Blast 

Aerofin  Corporation,  883-885 
Airtherm  Manufacturing  Co.,  841 
American  Blower  Corp.,  818-819 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Autovent  Fan  &  Blower  Co.,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Carrier  Corporation,  820 
Clarage  Fan  Company,  821 
C.  A.  Dunham  Co.,  970-971 
Electric  Air  Heater  Co,,  Div.  of 

American    Foundry    Equipment 

Co.,  844 
Feddcra  Manufacturing  Co.,  842- 

843 

G  &  0  Manufacturing  Co.,  886 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co.,  850-851 
John  J.  Nesbitt,  Inc.,  854 
New  York  Blower  Co.,  910 
Refrigeration  Economics  Co.,  823 

B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
Westinghouse  Elec.   &   Mfg.   Co., 

826-827,  876 

L.  J.  Wing  Mfg.  Co.,  855-857 
Young  Radiator  Co.,  860 

HEATERS,  Cabinc 

Delco    Appliance    Div.,    General 
Motors  Sales  Corp.,  832-833 

C.  A.  Dunham  Co.,  970-971 
Electric  Air  Heater  Co.,   Div.  of 

American    Foundry    Equipment 

Co.,  844 
Fedders  Manufacturing  Co.,  842- 

843 

General  Electric  Company,  916-917 
McQuay,   Incorporated,  848-849 
Modine  Mfg.  Co.,  850-851 
Herman  Nelson  Corp.,  853 
John  J.  Nesbitt,  Inc.,  854 
Trane  Company,  The,  858-859 
Weil-McLain  Company,  1013 
L.  J.  Wing  Mfg.  Co.,  855-857 
Young  Radiator  Co.,  860 


HEATERS,  Electric 

Autovent  Fan  &  Blower  Co.,  899 
Electric  Air   Heater  Co.,   Div.  of 

American    Foundry    Equipment 

Co.,  844 

General  Electric  Company,  916-917 
Grinnell  Co.,  Inc.,  972-974, 1034 
Ilg  Electric  Ventilating  Co.,  906 

B.  F.  Sturtevant  Co.,  908-909 
Westinghouse  Elec.   &  Mfg.   Co. 

826-827,  876 

L,  J.  Wing  Mfg.  Co.,  855-857 
Young  Radiator  Company,  860 

HEATERS,  Feed  Water 

Brownell  Company,  1018 
Cochrane  Corp.,  1031 
General  Electric  Company,  916-917 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 
Worthington  Pump  &  Machinery 

Corp.,  896-897 

HEATERS,  Fuel  Oil 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

American  District  Steam  Co.,  1029 
Bell  and  Gossett  Co.,  969 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
General  Electric  Company,  916-917 
Kewanee  Boiler  Corp.,  1002-1005 
Meyer  Furnace  Co.,  840 
Todd  Combustion  Equipment,  Inc., 

1017 

Weil-McLain  Company,  1013 
Williams    Oil-0-Matic    Heating 

Corp.,  836 

HEATERS,  Gas 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Crane  Company,  998-999 
Burnham  Boiler  Corp.,  994-995 

C.  A.  Dunham  Co.,  970-971 
General  Electric  Company,  916-917 
Kewanee  Boiler  Corp.,  1002-1005 
Meyer  Furnace  Company,  840 
Surface  Combustion  Corp.,  824-825 
Utility  Fan  Corporation,  914 

HEATERS,  Hot  Water  Service 

Aerofin  Corporation,  883-885 
American  District  Steam  Co.,  1029 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Bell  &  Gossett  Co.,  969 
Brownell  Company,  1018 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
Fitzgibbons  Boiler  Co.   Inc.  1000- 

1001 

Gar  Wood  Industries,  Inc.,  834-835 
International    Boiler    Works    Co., 

1006 

Kewanee  Boiler  Corp.,  1002-1005 
L.  J.  Mueller  Furnace  Co.,  838-839 
J.  J.  Nesbitt,  Inc.,  854 
Pacific  Steel    Boiler   Div.,   U.   S. 

Radiator  Corp.,  1007 
Spencer  Heater  Division,  1008-1009 
Trane  Company,  The,  858-859 
Weatinghouse   Elec.   &  Mfg.   Co., 

826-827,  876 

HEATERS,  Indirect 

Aerofin  Corporation,  883-885 
American  District  Steam  Co.,  1029 
American    Radiator    &    Standard 
Sanitary  Corp.,  992-993 


Numerals  following  Manufacturers'  Names  refer  to  pages  in  the  Catalog  Data  Section 
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Bell  &  Gossett  Co.,  969 
Crane  Company,  998-999 
Fedders  Manufacturing  Co.,   842- 

843 
Fitzgibbons  Boiler  Co.,  Inc.,  1000- 

1001 

Kewanee  Boiler  Corp.,  1002-1005 
L.  J.  Wing  Mfg.  Co.,  855-857 

HEATERS,  Refuse  Burning 

Kewanee  Boiler  Corp.,  1002-1005 
L.  J.  Mueller  Furnace  Co.,  838-839 

HEATERS,  Storage 

American  District  Steam  Co.,  1029 
American  Radiator  &  Standard 

Sanitary  Corp.,  992-993 
Bell  &  Gossett  Co.,  969 
Brownell  Company,  1018 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  998-999 
General  Electric  Company,  916-917 

HEATERS,  Tank 

American  District  Steam  Co.,  1029 
American  Radiator  &  Standard 

Sanitary  Corp,,  992-993 
Bell  &  Gossett  Co.,  969 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  998-999 
Fitzgibbons  Boiler  Co,  Inc.,  1000- 

1001 

Grinnell  Co,  Inc.,  972-974,  1034 
International    Boiler   Works    Co, 

1006 

Kewanee  Boiler  Corp,  1002-1005 
L.  J.  Mueller  Furnace  Co,  838-839 
Pacific  Steel  Boiler  Div.,  U.  S. 

Radiator  Corp,  1007 
Spencer  Heater  Division,  1008-1009 
United  States  Radiator  Corp,  1010- 

1011 

Weil-McLain  Company,  1013 
Westinghouse   Elec.   &   Mfg.   Co, 

826-827,  876 

HEATERS,  Unit 

Airtherm  Manufacturing  Co,  841 
American  Blower  Corp,  818-819 
Autovent  Fan  &  Blower  Co,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Burnham  Boiler  Corp,  994-995 
Carrier  Corporation,  820 
Clarage  Fan  Company,  821 
Crane  Company,  998-999 
Delco     Appliance     Div,     General 
Motors  Sales  Corp,  832-833 

C.  A.  Dunham  Co,  970-971 
Electric  Air  Heater  Co,   Div.  of 

American    Foundry    Equipment 

Co,  844 
Fedders  Manufacturing  Co,  842- 

843 

Grinnell   Co,   Inc.,   972-974,    1034 
Hastings  Air  Conditioning  Co,  845 
Ilg  Electric  Ventilating  Co,  906 
Iron  Fireman  Mfg.  Co,  1022-1023 
F.  Jaden  Manufacturing  Co,  846 
Kramer  Trenton  Co,  847 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co,  850 

D.  J.  Murray  Mfg.  Co,  Unit  Heater 
and  Cooler  Div,  852 

Herman  Nelson  Corp,  853 
John  J.  Nesbitt,  Inc.,  854 
New  York  Blower  Co,  910 
Refrigeration  Economics  Co,  823 
B.  F.  Sturtevant  Co,  908-909 
Surface  Combustion  Corp,  824-825 


United  States  Radiator  Corp.,  1010- 

1011 

Warren  Webster  &  Co.,  984-987 
L.  J.  Wing  Mfg.  Co.,  855-857 
Young  Radiator  Company,  860 


HEATERS,  Unit,  Gas  Fired 

Airtherm  Manufacturing  Co,  841 
American    Radiator    &    Standard 

Sanitary  Corp,  992-993 
Buffalo  Forge  Company,  903 
Crane  Company,  998-999 
C.  A.  Dunham  Co,  970-971 

McQuay,  Incorporated,  848-849       T    T  ttr.      ..,     „      0--r-ov 
L.  J.  Mueller  Furnace  Co,  838-839    L.  J.  Wmg  Mfg.  Co,  855-857 
Surface  Combustion  Corp,  824-825    York  Ice  Machinery  Corp,  829 
Trane  Company,  The,  858-859 

HEATING  SYSTEMS,  Furnace 


L.  J.  Mueller  Furnace  Co.,  838-83$> 
Herman  Nelson  Corp.,  853 
Sarco  Co.,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Spencer  Heater  Division,  1008-1009 
Surface  Combustion  Corp.,  824-825 
Trane  Company,  The,  858-859 
United  States  Radiator  Corp.,  10 10- 

1011 
Westinghouse  Elec,   £   Mfg.   Co.. 

820-827,  870 
Williams    Oil-O-Matic    Heating 

Corp.,  830 
Warren  Webster  &  Co.,  984-987 


HEATING  SYSTEMS,  Air 

Acme  Heating  &  Ventilating  Co., 

837 
Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

Airtherm  Manufacturing  Co.,  841 
American  Blower  Corp.,  818-819 
American  Radiator  &  Standard 

Sanitary  Corp.,  992-993 
Autovent  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Company,  903 
Burnham  Boiler  Corp.,  994-995 
Carrier  Corporation,  820 
Clarage  Fan  Company,  821 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
C.  A.  Dunham  Co.,  970-971 
Fedders  Manufacturing  Co.,  842- 

843 


Acme  Heating  &  Ventilating  Co. 

Airtemp  Div,  Chrysler  Corp,  830- 

831 

Airtherm  Manufacturing  Co,  841 
American    Radiator    &    Standard 

Sanitary  Corp,  992-993 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Delco    Appliance    Div,     General 

Motors  Sales  Corp,  832-833 
Electric  Air  Heater  Co,  Div.  of 

American    Foundry    Equipment 

Co,  844 

Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Meyer  Furnace  Company,  840 
L,  J.  Mueller  Furnace  Co,  838-839 
Herman  Nelson  Corp.,  853 
Spencer  Heater  Division,  1,008-1009 


Gar  Wood  Industries,  Inc.,  834-835    Surface  Combustion  Corp,  824-825 

General  Electric  Company,  916-917    TT"^  °"'"M  »-••«—  "~    — 

Ilg  Electric  Ventilating   Co,  906 

McQuay,  Incorporated,  848-849 

Meyer  Furnace  Co,  The,  840 

Modine  Mfg.  Co,  850-851 

L.  J.  Mueller  Furnace  Co,  838-839 

Herman  Nelson  Corp,  853 

John  J.  Nesbitt,  Inc.,  854 

Spencer  Heater  Division,  1008-1009 

B.  F.  Sturtevant  Co,  908-909 

Surface  Combustion  Corp,  824-825 

Trane  Company,  The,  858-859 

United  States  Radiator  Corp,  1010- 

1011 
Westinghouse  Electric  &  Mfg.  Co, 

826-827,  876 

L.  J.  Wing  Mfg.  Co,  855-857 
Young  Radiator  Company,  860 
York  Ice  Machinery  Corp,  829 


HEATING 
matic 


SYSTEMS,     Auto- 


Airtemp  Div.,  Chrysler  Corp.,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Anderson  Products,  Inc.,  1039 
Barber  Gas  Burner  Co.,  1014 
Burnham  Boiler  Corp.,  994-995 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Delco    Appliance    Div.,     General 

Motors  Sales  Corp.,  832-833 
C.  A.  Dunham  Co.,  970-971 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Iron  Fireman  Mfg.  Co.,  1022-1023 


United  States  Radiator  Corp,  1010- 

Westinghouse  Elec.   &   Mfg.   Co, 

826-827,  876 
Williams    Oil-O-Matic    Heating 

Corp,  836 
L.  J.  Wing  Mfg.  Co,  855-857 

HEATING  SYSTEMS,  Gas  Fired 

Acme  Heating  &  Ventilating  Co, 

837 
Airtemp  Div,  Chrysler  Corp,  830- 

Airtherm  Manufacturing  Co,  841 
American  Blower  Corp,  818-819 
American  Radiator  &  Standard 

Sanitary  Corp,  992-993 
Barnes  &  Jones,  Inc.,  968 
Burnham  Boiler  Corp,  994-995 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Delco    Appliance    Div,     Genera 

Motors  Sales  Corp,  832-833 
C.  A.  Dunham  Co,  970-971 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Kewanee  Boiler  Corp,  1002-1005 
Meyer  Furnace  Co,  The,  840 
L.  J.  Mueller  Furnace  Co,  838-839 
Herman  Nelson  Corp,  853 
Spencer  Heater  Division,  1008-1009 
Surface  Combustion  Corp,  824-825 
Trane  Company,  The,  858-859 
United  States  Radiator  Corp,  1010- 

1011 
Westinghouse  Elec.   &  Mfg.   Co, 

826-827,  876 

HEATING  SYSTEMS,  Hot 
Water 


chine  &  Fdy.  Co.,  1024 


i  Div,  Chrysler  Corp,  830- 
American  Blower  Corp,  818-819 
Please  mention  THE  GUIDE  1941  when  writing  to  Advertisers 
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American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Bell  £  Gossett  Co.,  969 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Kewanec   Boiler  Corp.,   1002-1005 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co.,  850-851 
L.  J.  Mueller  Furnace  Co.,  838-839 
Herman  Nelson  Corp.,  853 
Spencer  Heater  Division,  1008-1009 
Surface  Combustion  Corp.,  824-825 
Trane  Company,  The,  858-859 
Triplex    Heating    Specialty    Co., 

982-983 
United  States  Radiator  Corp.,  1010- 

1011 
Wcstinghouse  Elec.   &   Mfg.    Co., 

826-827,  876 
Williams    Oil-0-Matic    Heating 

Corp.,  836 
L.  J.  Wing  Mfg,  Co.,  865-857 

HEATING  SYSTEMS,  Oil  Fired 

Acme  Heating  &  Ventilating  Co., 

837 
Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

Airtherm  Manufacturing  Co.,  841 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Burner  Corp.,  1016 
Barnes  &  Jones,  Inc.,  908 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Delco    Appliance     Div,,    General 

Motors  Sales  Corp.,  832-833 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Kewanee  Boiler  Corp.,   1002-1005 
Meyer  Furnace  Co.,  The,  840 
L.  J.  Mueller  Furnace  Co.,  838-839 
Herman  Nelson  Corp.,  853 
Spencer  Heater  Division,  1008-1009 
Trane  Company,  The,  858-859 
United  States  Radiator  Corp.,  1010- 

1011 
Westinghouse  Elec.  &  Mfg.   Co., 

826-827,  876 
Williams    Oil-0-Matic    Heating 

Corp.,  836 

HEATING  SYSTEMS,  Steam 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

Airtherm  Manufacturing  Co.,  841 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Anderson  Products,  Inc.,  1039 
Barnes  &  Jones,  Inc.,  968 
Bell  &  Gossett  Co.,  969 
Burnham  Boiler  Corp.,  994-995 
Carrier  Corporation,  820 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
C,  A.  Dunham  Co.,  970-971 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois   Engineering   Co.,   978-979 
Kewanec   Boiler  Corp.,   1002-1005 
L.  J.  Mueller  Furnace  Co.,  838-839 
Herman  Nelson  Corp.,  853 
Ric-wiL  Company,  The,  1057 


Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Spencer  Heater  Division,  1008-1009 
Trane  Co.,  The,  858-859 
United  States  Radiator  Corp.,  1010- 

1011 

Warren  Webster  &  Co.,  984-987 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 
Williams    Oil-O-Matic    Heating 

Corp.,  836 
L.  J.  Wing  Mfg.  Co.,  855-857 

HEATING  SYSTEMS,  Vacuum 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Anderson  Products,  Inc.,  1039 
Barnes  &  Jones,  Inc.,  968 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
C.  A.  Dunham  Co.,  970-971 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co,,  978-979 
L.  J.  Mueller  Furnace  Co.,  838-839 
Sarco  Company,  Inc.,  980-981 
Spencer  Heater  Division,  1008-1009 
Trane  Company,  The,  858-859 
United  States  Radiator  Corp.,  1010- 

1011 

Warren  Webster  &  Co.,  984-987 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 
Williams    Oil-O-Matic    Heating 

Corporation,  836 

HEATING  SYSTEMS,  Vapor 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Barnes  &  Jones,  Inc.,  968 
Crane  Company,  998-999 
Delco  Appliance  Div.,  General 

Motors  Sales  Corp.,  832-833 
C.  A.  Dunham  Co.,  970-971 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
L.  J.  Mueller  Furnace  Co.,  838-839 
Herman  Nelson  Corp.,  853 
Sarco  Company,  Inc.,  980-981 
Spencer  Heater  Division,  1008-1009 
Trane  Company,  The,  858-859 
United  States  Radiator  Corp.,  1010- 

1011 

Warren  Webster  &  Co.,  984-987 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  876 
Williams    Oil-0-Matic    Heating 

Corp.,  836 

HOSE,  Refrigerant  Charging 

Henry  Valve  Company,  947 

HOT  WATER  HEATING  SYS- 
TEMS (See  Heating  Systems,  Hot 
Water] 

HUMIDIFIERS 

American  Blower  Corp.,  818-819 
American  Moistening  Co.,  878 
American    Radiator    &    Standard 
Sanitary  Corp.,  992-993 


Armstrong  Machine  Works,  1032- 

1033 

Baker  Ice  Machine  Co.,  888 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
Burnham  Boiler  Corp.,  994-995 
Carrier  Corporation,  820 
Clarage  Fan  Company,  821 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
Julien  P.   Friez   &  Sons,   Div.  of 

Bendix  Aviation  Corp.,  946 
General  Electric  Company,  916-917 
Grinncll   Co.,   Inc.,  972-974,   1034 
Ilg  Electric  Ventilating  Co.,  906 
Johnson  Service  Co.,  948-949 
McDonnell  &  Miller,  990-991 
McQuay,  Incorporated,  848-849 
Meyer  Furnace  Co.,  The,  840 
L.  J.  Mueller  Furnace  Co.,  838-839 
D.  J.  Murray  Mfg.  Co.,  Unit  Heater 

&  Cooler  Div.,  852 
Parks-Cramer  Company,  822 
H.  J,  Somers,  Inc.,  873 
B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 

Utility  Fan  Corporation,  914 
Weil-McLain  Company,  1013 
Westinghouse  Elec.  &  Mfg.  Co., 

826-827,  876 

HUMIDIFIERS,   Central   Plant 

Acme  Heating  &  Ventilating  Co., 

837 

American   Blower   Corp.,   818-819 
Armstrong  Machine  Works,  1032- 

1033 

Baker  Ice  Machine  Co.,  888 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Carrier  Corporation,  820 
Clarage  Fan  Company,  821 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Ilg  Electric  Ventilating  Co.,  906 
Johnson  Service  Company,  948-949 
McDonnell  &  Miller,  990-991 
Meyer  Furnace  Co.,  The,  840 
Parks-Cramer  Company,  822 
Powers  Regulator  Co.,  958-959 
H.  J.  Somers,  Inc.,  873 
B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
United    States    Air    Conditioning 

Corp.,  828 
Westinghouse  Elec.   &   Mfg.   Co., 

826-827,  876 
York  Ice  Machinery  Corp.,  829 


HUMIDIFIERS,  Unit 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

American   Blower   Corp.,   818-819 
American  Moistening  Co.,  878 
Armstrong  Machine  Works,  1032- 

1033 

Buffalo  Forge  Company,  903 
Burnham  Boiler  Corp.,  994-995 
Carrier  Corporation,  820 
Clarage  Fan  Company,  821 
Delco    Appliance     Div.,     General 

Motors  Sales  Corp.,  832-833 
General  Electric  Company,  916-917 
Grinnell   Co.,   Inc.,  972-974,   1034 
Marley  Company,  The,  881 
McQuay,  Incorporated,  848-849 
D.  J,  Murray  Mfg.  Co.,  Unit  Heater 

and  Cooler  Div.,  852 
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Standard  Lime  &  Stone  Co,,  1081 
United  States  Gypsum  Co.,  1082- 

1083 
Wood  Conversion  Company,  1089 

INSULATION,  Structural 

Celotex  Corporation,  1062 
Inaulite  Company,  1068-1069 
International  Fibre  Board  Ltd. ,1071 
United  States  Gypsum  Co.,  1082- 
1083 

INSULATION,    Underground 
Steam  Pipe 

American  District  Steam  Co.,  1029 
E.  B.  Badger  &  Sons  Co.,  1030 
Carey,  Philip,  Co.,  1061 
Eagle-Picher  Lead  Co.,  1063 
Ehret   Magnesia  Mfg.   Co.,   1064- 

1005 

General  Insulating  &  Mfg.  Co.,  1066 
Insulation  Industries,  Inc.,  1067 
Johns-Manville,  1072-1073 
Owens-Corning    Fiberglas    Corp., 

870-871 

H.  W.  Porter  &  Co.,  1056 
Ric-wiL  Company,  The,  1057 
Rubcroid  Co.,  The,  1078-1079 
Standard  Lime  &  Stone  Co.,  1081 
Wood  Conversion  Company,  1084 

INSULATION,  Window,  Double 
Glazing,  Screens 

Chamberlin  Metal  Weather  Strip 

Co.,  1048-1049 
Ingersoll  Steel  &  Disc  Div.,  Bcrg- 

Warner  Corp.,  1050-1051 
Libby-0 wens- Ford  Glass  Co.,  1052- 

1053 

INSULATOR,  Water 

April  Showers,  Inc.,  879 

LATH,    Insulative    (See  Plaster 
Base,  Insulation} 

LIME  SCALE  CONTROL 

Oakite  Products,  Inc.,  877 
Research  Products  Corp.,  872 

LIQUID  LEVEL  CONTROLS 

Alco  Valve  Co.,  Inc.,  938 
Bristol  Company,  The,  941 
Cochrane  Corp.,  1031 
Detroit  Lubricator  Co.,  942-943 
Frick  Company,  891 
Johnson  Service  Co.,  948-949 
Kieley  St  Mueller,  Inc.,  1035 
McDonnell  &  Miller,  990-991 
Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co,,  954-965 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Penn  Electric  Switch  Co.,  957 
Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 
Wright-Austin  Co.,  1037 

LIQUID    LEVEL    GAGES    (See 
Gages,  Liquid  Level) 

LOUVERS 

Air  Control  Products,  Inc.,  918 
American  Coolair  Corp.,  900-901 
Anemostat  Corp.  of  America,  919 
Auer  Register  Co.,  920 
Autovent  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 


Clarage  Fan  Company,  821 
Hart  &  Cooley  Mfg.  Co.,  922-923 
Hendrick  Mfg.  Co.,  924 
Independent  Register  Co.,  925 
Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Register  Co.,  930 
Waterloo  Register  Co,,  931 

MANHOLE  COVERS,  For 
Underground  Systems 

American  Coolair  Corp.,  900-901 
American  District  Steam  Co.,  1029 
H.  W.  Porter  &  Co.,  1056 
Ric-wiL  Company,  The,  1057 

MECHANICAL  DRAFT  APPA- 
RATUS (See  also  Blowers,  Forced 
Draft) 

American  Blower  Corp.,  818-819 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 

MECHANICAL  DRAFT  COOL- 
ING  TOWERS  (See  also  Cooling 
Towers,  Forced  Draft,  Induced 
Draft) 

Baker  Ice  Machine  Co.,  888 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
Marley  Company,  881 
Mario  Coil  Company,  893 
York  Ice  Machinery  Corp.,  829 

METALS,  Perforated  (See  Per- 
forated Metals) 

METERS,  Air 

Bristol  Coznpany,  The,  941 
Julicn  P.  Friez  &  Sons,   Div.   of 

Bendix  Aviation  Corp.,  946 
Illinois  Testing  Laboratories,  950 
Minneapolis-Honeywell    Regulator 

Co,,  954-955 
Simplex  Controls  Div.,  The  Her- 

busch  Corp.,  960 
Taylor  Instrument  Companies,  962- 

963 

METERS,  Air  Velocity 

Anderson  Products,  Inc.,  1039 
Julien  P.  Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Illinois  Testing  Laboratories,  950 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Powers  Regulator  Co.,  958-959 
Simplex  Controls  Div.,  The  Her- 

busch  Corp.,  960 
Taylor  Instrument  Companies,  962- 

963 

METERS,  Condensation 

American  District  Steam  Co.,  1029 
Julien   P.  Fricz   &   Sons,   Div.  of 
Bendix  Aviation  Corp.,  946 

METERS,  Feed  Water 

Cochrane  Corp.,  1031 
Minneapolis- Honey  well    Regulator 
Co.,  954-955 

METERS,  Flow 

American  District  Steam  Co.,  1029 
Bristol  Company,  The,  941 
Cochrane  Corp.,  1031 
Leeds  &  Nprthrup  Co.,  951 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 
Taylor  Instrument  Companies,  962- 

963 


METERS,  Steam 

American  District  Steam  Co.,  1029 
Cochrane  Corp.,  1031 
Minneapolis-Honeywell    Regulator 
Co.,  954-955 

MOTORS,  Dampers 

Fulton  Sylphon  Co.,  944-945 

MOTORS,  Electric 

Barber- Colman  Co.,  921,  940 
DeBothezat  Div.,   American  Ma- 
chine &  Metals,  Inc.,  905 
General  Electric  Company,  916-917 
B.  F.  Sturtevant  Co.,  908-909 
Wagner  Electric  Corp.,  915 
Westinghouse  Elec.   &   Mfg.   Co., 

826-827,  876 

Williams    Oil-0-Matic  Heating 
Corp.,  836 

NOISE  ELIMINATORS   (See 

Tubing,  flexible]  Sound  Deadencrs; 
Vibration  Absorbers)  . 

NOZZLES,  Spray  (See  Spray 
Nozzles) 

ODOR  CONTROL 

W.  B.  Connor  Engineering  Corp., 

Dorex  Div.,  869 
Oakite  Products,  Inc.,  877 

OIL  BURNER  EQUIPMENT 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Product  Corp.,  939 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corp.,  832-833 
Detroit  Lubricator  Co.,  942-943 
General  Electric  Company,  916-917 
Herman  Nelson  Corp.,  853 
Iron  Fireman  Mfg.  Co.,  1022-1023 
L,  J.  Mueller  Furnace  Co.,  838-839 
Spencer  Heater  Division,  1008-1009 
Todd  Combustion  Equipment,  Inc 

1017 

Webster  Engineering  Co.,  1015 
Westinghouse  Elec.  &  Mfg.   Co. 

826-827, 876 
Williams  Oil-0-Matic  Heating 

Corp.,  836 

OIL    BURNER    MOTORS    (Sec 

Motors,  Electric) 

OIL  BURNERS 

Airtemp  Div.,  Chrysler  Corp.,  830- 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Burner  Corp..  1016 
Babcock  &  Wilcox  Co.,  996 
Carrier  Corporation,  820 
Combustion  Engineering  Co.,  1019 
Crane  Company,  998-999 
Delco    Appliance    Div.,    General 

Motors  Sales  Corporation,  832- 

833 

Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Iron  Fireman  Mfg.  Co.,  1022-1023 
L.  J.  Mueller  Furnace  Co.,  838-839 
Meyer  Furnace  Co.,  840 
Herman  Nelson  Corp.,  853 
Spencer  Heater  Division,  1008-1009 
Todd  Combustion  Equipment,  Inc., 

1017 
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Webster  Engineering  Co.,  1015 
Westinghouse  Elec.   &  Mfg.   Co. 

826-827, 876 
Williams    Oil-0-Matic    Heating 

Corp.,  836 

OIL  BURNERS,  Pressure  Atom- 
izing 

Airtemp  Div,,  Chrysler  Corp.,  830- 

831 

Automatic  Burner  Corp.,  1016 
Gar  Wood  Industries,  Inc.,  834-835 
Todd  Combustion  Equipment,  Inc., 

1017 

Webster  Engineering  Co.,  1015 
Westinghouse   Elec.   &   Mfg.    Co., 

826-827, 876 

OIL  BURNERS,  Rotary 

Automatic  Burner  Corp.,  1016 
Todd  Combustion  Equipment,  Inc., 
1017 

OIL  BURNERS,  Steam  Atomiz- 
ing 

Todd  Combustion  Equipment,  Inc., 

1017 
Webster  Engineering  Co.,  1015 

OIL  BURNERS,  Variable  Capa- 
city 

Todd  Combustion  Equipment,  Inc., 
1017 

OIL  BURNER  TUBING,  Flexible 

(See  Tubing,  Flexible  Metallic) 

OIL  TANK   GAGES  (See  Gages, 
Tank) 

ORIFICES,  Flow  Meter 

Bristol  Company,  The,  941 

Cochrane  Corp.,  1031 

Taylor  Instrument  Companies,  962- 


ORIFICES,  Radiator 

Barnes  &  Jones,  Inc.,  968 
Detroit  Lubricator  Co.,  942-943 
C.  A.  Dunham  Co.,  970-971 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Sarco  Co.,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co,,  984-987 

PACKING,  Asbestos 

Crane  Company,  998-999 

Ehret  Magnesia  Mfg.   Co.,   1064- 

1065 

Jenkins  Bros.,  1041 
Johns-Mariville,  1072-1073 

PAINTING  EQUIPMENT,  Spray 

Binks  Manufacturing  Co.,  880 

PANELS,  Insulative 

Aluminum  Aircell  Insulation  Co., 

1059 

Carey,  Philip,  Co.,  1061 
Celotex  Corporation,  1062 
General  Insulating  &  Mfg.  Co.,  1066 
Inaulite  Company,  The,  1068-1069 
International    Fibre   Board,    Ltd.. 

1071 
United  States  Gypsum  Co.,  1082- 

1083 


PERFORATED  METALS 

Auer  Register  Co.,  920 
Hendrick  Mfg.  Co.,  924 
Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Register  Co.,  930 
Wickwire  Spencer  Steel  Co.,  932 

PILLOW  BLOCKS 

Lau  Blower  Co.,  907 

PIPE,  Asbestos 

Eagle- Picher  Lead  Co.,  1063 
Ehret  Magnesia   Mfg.   Co.,   10C4- 

1065 

Johns-Manville,  1072-1073 
Standard  Lime  &  Stone  Co.,  1081 

PIPE,  Brass 

American   Brass   Company,    1042- 

1043 

Crane  Company,  998-999 
Wolverine  Tube  Company,  1045 

PIPE,  Cement 

Johns-Manville,  1072-1073 
Ruberoid  Co.,  The,  1078-1079 
Standard  Lime  &  Stone  Co.,  1081 

PIPE,  Copper 

American   Brass   Company,   1042- 

1043 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Crane  Company,  998-999 
Wolvering  Tube  Company,  1045 

PIPE,  Copper  Bearing  Steel 

Bethlehem  Steel  Co.,  934 
Crane  Company,  998-990 

PIPE,  Furnace  (See  Furnace  Pipe) 

PIPE,  Return  Bends 

Crane  Company,  998-999 
Frick  Company,  891 
Grinnell  Co.,  Inc.,  972-974,  1034 
Arthur  Harris  &  Co.,  1044 
Henry  Valve  Company,  947 
Vilter  Manufacturing  Co.,  898 

PIPE,  Steel 

American  Rolling  Mill  Co.,  933 
Bethlehem  Steel  Co.,  934 
Carnegie-Illinois  Steel  Corp.,  936 
Crane  Company,  998-999 
Grinnell  Co.,  Inc.,  972-974,  1034 
Vilter  Manufacturing  Co.,  898 

PIPE,  Wrought  Iron 

Bethlehem  Steel  Co.,  934 
Crane  Company,  998-999 
Grinnell  Co.,  Inc.,  972-974,  1034 
Vilter  Manufacturing  Co.,  898 

PIPEi  ANCHORS 

American  District  Steam  Co.,  1029 
E.  B.  Badger  &  Sons  Co.,  1030 
Crane  Company,  998-999 
Grinnell  Co.,  Inc.,  972-974,  1034 
H.  W.  Porter  &  Co.,  1056 
Ric-wiL  Company,  1057 

PIPE  BENDING 

Acme  Industries,  Inc.,  887 
Baker  Ice  Machine  Co.,  Inc.,  888 
Crane  Company,  998-999 
Frick  Company,  891 
Grinnell  Co.,  Inc.,  972-974,  1034 
Arthur  Harris  Sc  Co.,  1044 
Parks-Cramer  Co.,  822 
Vilter  Manufacturing  Co.,  898 


PIPE  CLEANING 

Cochrane  Corporation,  1031 
Research  Products  Corp.,  872 

PIPE  CONDUITS  (See  Conduits, 
Underground  Pipe) 

PIPE  COVERING   (Set  Covering, 
Pipe) 

PIPE    FITTINGS    (See   Fittings. 
Pipe) 

PIPE  GUIDES 

E.  B.  Badger  &  Sons  Co.,  1030 
Crane  Company,  998-999 
H.  W.  Porter  &  Co.,  1056 
Ric-wiL  Company,  The,  1057 

PIPE   HANGERS    (See    Hangers, 
Pipe) 

PIPE  SUPPORTS,   For  Under- 
ground Conduit 

American  District  Steam  Co,,  1029 
E.  B.  Badger  &  Sons  Co.,  1030 
Grinnell  Co.,  Inc.,  972-974,  1034 
H.  W,  Porter  &  Co.,  1056 
Ric-wiL  Company,  The,  1057 

PITOT  TUBES  (See  Air  Measur- 
ing and  Recording  Instruments) 

PLASTER  BASE,  Fire  Retarding 

Armstrong  Cork  Company,  1000 
Celotex  Corporation,  1002 
Johns-Manville,  3072-1073 
Reynolds  Metals  Co.,  Inc.,  1080 
United  States  Gypsum  Co.,  1082- 
1083 

PLASTER  BASE,  Insulative 

Armstrong  Cork  Company,  1000 
Celotex  Corporation,  1062 
General  Insulating  &  Mfg.  Co.,  1066 
Insulitc  Company,  The,  1068-1009 
International    Fibre    Board,    Ltd. 

1071 

Johns-Manville,  1072-1073 
Reynolds  Metals  Co.,  Inc.,  1080 
United  States  Gypsum  Co.,  1082- 

1083 
Wood  Conversion  Company,  1084 

PLASTER  BASE,  Sound  Dead- 
ening 

Armstrong  Cork  Company,  1060 
Celotex  Corporation,  1062 
General  Insulating  &  Mfg.  Co.,  1066 
IxiBulitc  Company,  The,  1068-1069 
International   Fibre    Board,    Ltd., 

1071 

Johns-Manville,  1072-1073 
United  States  Gypsum  Co.,  1082- 

1083 
Wood  Conversion  Company,  1084 

PLATES,  Iron 

American  Rolling  Mill  Co.,  933 
Carnegie-Illinois  Steel  Corp.,  935 
Columbia  Steel  Co,,  935 
Tennessee   Coal  &   Iron  Railroad 

Co.,  935 
United  States  Steel  Export  Co.,  935 

PLATES,  Stainless  Steel 

American  Rolling  Mill  Co.,  933 
Carnegie-Illinois  Steel  Corp.,  935 
Columbia  Steel  Co.,  935 
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Modine  Mfg.  Co.,  850-851 
John  J.  Nesbitt,  Inc.,  854 
Refrigeration  Economics  Co.,  823 

B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
Weil-McLain  Company,  1013 
Young  Radiator  Company,  860 

RADIATOR  ENCLOSURES  AND 
SHIELDS 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Auer  Register  Co.,  The,  920 
Crane  Company,  998-999 
Modine  Mfg.  Co.,  850-851 
Reynolds  Metals  Co.,  Inc.,  1080 
H.  J.  Somers,  Inc.,  873 
United  States  Register  Co.,  930 
Wickwire  Spencer  Steel  Co.,  932 

RADIATORS,  Cabinet 

American    Radiator    &    Standard 

Sanitary  Company,  992-993 
Crane  Company,  998-999 

C.  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Inc.,  972-974,  1034 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co.,  850-851 
John  J.  Nesbitt,  Inc.,  854 
Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
Warren  Webster  &  Co.,  984-987 
Weil-McLain  Company,  1013 
Wickwire  Spencer  Steel  Co.,  932 
Young  Radiator  Company,  860 

RADIATORS,  Concealed 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Inc.,  972-974,  1034 
Ilg  Electric  Ventilating  Co.,  906 
McQuay,  Incorporated,  848-849 
Modine  Mfg.  Co.,  850-851 
John  J.  Nesbitt,  Inc.,  854 
Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Radiator  Corp.,  1010- 

1011 

Warren  Webster  &  Co.,  984-987 
Weil-McLain  Company,  1013 
Young  Radiator  Company,  860 

RECEIVERS,  Air 

Baker  Ice  Machine  Co.,  888 
Brownell  Company,  The,  1018 
Crane  Company,  998-999 
Curtis  Refrigerating  Machine  Co., 

Div.  Curtis  Mfg.  Co.,  890 
Farrar  &  Trefts,  Inc.,  997 
Illinois  Engineering  Co.,  978-979 
Kewanee  Boiler  Corp.,  1002-1005 
Parks-Cramer  Company,  822 
Warren  Webster  &  Co.,  984-987 

RECEIVERS,  Ammonia 

Baker  Ice  Machine  Co.,  888 
Carbondale  Div.,  Worthington 

Pump  &  Machinery  Corp.,  896- 

897 

Frick  Company,  Inc.,  891 
Vilter  Manufacturing  Co.,  898 
York  Ice  Machinery  Corp.,  829 

RECEIVERS,  Condensation 

Baker  Ice  Machine  Co.,  Inc.,  888 
Chicago  Pump  Co.,  1028 
Crane  Company,  998-999 


C.  A.  Dunham  Co.,  970-971 
Illinois  Engineering  Co.,  978-979 
Nash  Engineering  Co.,  1026-1027 
Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 
Westinghouse  Elec.  &   Mfg.   Co., 
826-827,  876 

RECEIVERS,  Water  Vapor 

American  Blower  Corp.,  818-819 
Illinois  Engineering  Co.,  978-979 
Warren  Webster  &  Co.,  984-987 

RECORDERS,  Humidity,  Tem- 
perature 

Bristol  Company,  The,  941 
Cochrane  Corporation,  1031 
Julien  P.  Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  891 
Johnson  Service  Co.,  948-949 
Leeds  &  Northrup  Co.,  951 
Manning,  Maxwell  &  Moore,  Inc., 

952 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Powers  Regulator  Co.,  958-959 
Taylor  Instrument  Companies,  962- 


REFRACTORIES,  Cement,  Ma- 
terials 

Babcock  &  Wilcox  Co.,  996 
Carey,  Philip,  Co.,  1061 
Eagle-Picher  Lead  Co.,  1063 
Ehret   Magnesia  Mfg.   Co.,   1064- 

1065 

Johns-Manville,  1072-1073 
Ric-wiL  Company,  1057 
Ruberoid  Co.,  The,  1078-1079 

REFRIGERATION  CONTROLS 

(See  also  Controls) 
Alco  Valve  Company,  938 
American  Blower  Corp.,  818-819 
Automatic  Products  Corp.,  939 
Barber-Colman  Co.,  921,  940 
Bristol  Company,  941 
Cochrane  Corp.,  1031 
Carrier  Corporation,  820 
Detroit  Lubricator  Co.,  942-943 
Fedders  Manufacturing  Co.,  842- 

843 
Julien   P.   Friez  &  Sons,   Div.   of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
Illinois  Engineering  Co.,  978-979 
Illinois  Testing  Laboratories,  Inc., 

950 

Johnson  Service  Co.,  948-949 
Leeds  &  Northrup  Co.,  951 
Manning,  Maxwell  &  Moore,  Inc., 

952 
Minneapolis- Honey  well    Regulator 

Co.,  954-955 

Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Taylor  Instrument  Companies,  962- 

963 
Westinghouse  Elec.   &   Mfg.   Co.. 

826-827,  876 
White-Rodgers  Elec.  Co.,  965 

REFRIGERATING 
EQUIPMENT,  Centrifugal 

Carrier  Corporation,  820 
Carbondale  Div.t  Worthington 
Pump  &  Machinery  Corp. ,  896-897 
Trane  Company,  858-859 
York  Ice  Machinery  Corp.,  829 


REFRIGERATING 
EQUIPMENT,  Steam  Jet 

American  Blower  Corp.,  818-819 
Carbondale    Div.,    Worthington 

Pump  &  Machinery  Corp.,  896- 

897 

Carrier  Corporation,  820 
Universal  Cooler  Corp.,  895 
Westinghouse  Elec.   &  Mfg,   Co. 

826-827,  876 

REFRIGERATING 
MACHINERY 

Airtemp  Div.,  Chrysler  Corp.,  830- 

831 

Baker  Ice  Machine  Co.,  888 
Brunner  Manufacturing  Co.,  889 
Carbondale    Div.,    Worthington 

Pump  &  Machinery  Corp.,  896- 

897 

Carrier  Corporation,  820 
Curtis  Refrigerating  Machine  Co.. 

Div.  of  Curtis  Mfg.  Co.,  890 
Frick  Company,  Inc.,  891 
General  Electric  Company,  916-917 
General  Refrigeration  Corp.,  892 
Refrigeration  Economics  Co.,  823 
Servel,  Inc.,  894 
Trane  Company,  The,  858-859 
Universal  Cooler  Corp.,  895 
Vilter  Manufacturing  Co.,  898 
Westinghouse  Elec,  &  Mfg.   Co., 

826-827,  876 
Williams  Oil-O-Matic    Heating 

Corporation,  836 
York  Ice  Machinery  Corp.,  898 

REGISTERS     (See    also    Grilles 

Registers,  etc.} 

Air  Control  Products,  Inc.,  918 
American  Blower  Corp.,  818-819 
American  Coolair  Corp.,  900-901 
Anemostat  Corp.  of  America,  919 
Auer  Register  Co.,  The,  920 
Barber-Colman  Co.,  921,  940 
Hart  &  Cooley  Manufacturing  Co., 

922-923 

Hendrick  Mfg.  Co.,  924 
Independent  Register  Co.,  925 
L.  J.  Mueller  Furnace  Co.,  838-839 
Plandaire  Incorporated,  926 
Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
United    States    Air    Conditioning 

Corp.,  828 

United  States  Register  Co.,  930 
Waterloo  Register  Co.,  931 
Wickwire  Spencer  Steel  Co.,  932 

REGISTERS,  Oil  Burning 

Todd  Combustion  Equipment,  Inc., 
1017 

REGULATORS,  Air  Volume 

Anemostat  Corp.  of  America,  919 
Barber-Colman  Co.,  921,  940 
Hart  &  Cooley  Mfg.  Co.,  922-923 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Register  Co.,  930 

REGULATORS,  Damper 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Products  Corp.,  939 
Barber-Colman  Co.,  921,  940 
Barnes  &  Jones,  Inc.,  968 
Detroit  Lubricator  Co.,  942-943 
Julien  P.  Friez  &  Sons,   Div.  of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
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General  Electric  Company,  916-917 
William  S.  Haines  &  Co.,  975 
Hart  &  Cooley  Mfg.  Co,,  922-923 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Johnson  Service  Co.,  948-949 
Kieley  &  Mueller,  Inc.,  1035 
Leeds  &  Northrup  Co.,  951 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  964-955 

Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 

Trane  Company,  The,  858-859 
Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Register  Co.,  930 
Warren  Webster  &  Co.,  984-987 
Webster  Engineering  Co.,  1016 
White-Rodgers  Elec.  Co.,  965 
Young  Radiator  Co,,  860 

REGULATORS,  Feed  Water 

Cochrane  Corporation,  1031 
Fulton  Sylphon  Co.,  944-945 
Kieley  &  Mueller,  Inc.,  1035 
McDonnell  &  Miller,  990-991 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Powers  Regulator  Co.,  958-959 
Spence  Engineering  Co.,  961 
Westinghouse  Elec.   &  Mfg.   Co., 

826-827,  870 
Wright-Austin  Co.,  1037 

REGULATORS,  Furnace 

Automatic  Products  Corp.,  939 
Barber-Colman  Co.,  921,  940 
Detroit  Lubricator  Co,,  942-943 
Fulton  Sylphon  Co.,  944-945 
Hart  &  Cooley  Mfg.  Co,,  922-923 
Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Penn  Electric  Switch  Co.,  957 
Spence  Engineering  Co.,  901 
Tuttle  &  Bailey,  Inc.,  927-929 
Webster  Engineering  Co.,  1015 
White-Rodgers  Elec.  Co,,  965 

REGULATORS,  Gas 

American    Radiator   &    Standard 

Sanitary  Corp.,  092-993 
Barber  Gas  Burner  Co,,  1014 
Crane  Company,  998-999 
Detroit  Lubricator  Co.,  942-943 
Jenkins  Bros.,  1041 
Mercoid  Corp,,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Penn  Electric  Switch  Co.,  957 
White-Rodgers  Elec,  Co,,  965 

REGULATORS,  Humidity  (See 
Humidity  Control) 

REGULATORS,  Pressure 

Alco  Valve  Company,  938 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Products  Corp.,  939 
Barber  Gas  Burner  Co,,  1014 
Binks  Manufacturing  Co.,  880 
Bristol  Company,  The,  941 
Crane  Company,  998-999 
Detroit  Lubricator  Co.,  942-943 


C,  A.  Dunham  Co.,  970-971 
Feddera  Manufacturing  Co.,  842- 

843 
Julien  P.  Friez  &  Sons,   Div.  of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
General  Electric  Company,  916-917 
Illinois  Engineering  Co.,  978-979 
Jenkins  Bros.,  1041 
Kieley  &  Mueller,  Inc.,  1035 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 
Triplex  Heating  Specialty  Co.,  982- 

983 

Warren  Webster  &  Co.,  984-987 
White-Rodgers  Elec.  Co.,  965 

REGULATORS,  Temperature 

(See  Temperature  Control) 

RELIEF    VALVES    (See    Valves, 
Relief) 

ROOF  COOLER 

April  Showers  Company,  879 

RUST  INHIBITOR 

Vinco  Company,  988-989 

RUST  AND  SCALE  REMOVER 

Oakite  Products,  Inc.,  877 

SAFETY   VALVES    (See    Valves, 
Safety) 

SCREENS,  Window  Insulation, 
Sun  Reflecting 

Chamberlin  Metal  Weather  Strip 

Co.,  1048-1049 
Ingersoll  Steel  &  Disc  Div.,  Borg- 

Warner  Corp.,  1050-1051 

SEALS,  Inside  Door  Bottoms 

Chamberlin  Metal  Weather  Strip 
Co.,  1048-1049 

SEALS,  Flexible  Pipe  Line 

E.  B.  Badger  &  Sons  Co,,  1030 

SEALS,  Shaft  for  Compressor 

Fulton  Sylphon  Co.,  944-945 

SEPARATORS,  Dust 

Air-Maze  Corp.,  862-863 
American  Air  Filter  Co.,  864-865 
American  Blower  Corp,,  818-819 
Buffalo  Forge  Company,  903 
Coppua  Engineering  Corp.,  867 
Staynew  Filter  Corp.,  874-876 
B.  F.  Sturtevant  Co.,  908-909 
Westinghouse   Elec.  &  Mfg.   Co,, 
826-827,  876 

SEPARATORS,  Oil 

Acme  Industries,  Inc.,  887 
Air-Maze  Corp.,  862-863 
Carbondale  Div.,  Worthington 

Pump  &  Machinery  Corp.,  896- 

897 

Cochrane  Corp.,  1031 
Crane  Company,  998-999 
Frick  Company,  891 
Henry  Valve  Company,  947 
Illinois  Engineering  Co.,  978-979 


Kieley  &  Mueller,  Inc.,  1035 
Staynew  Filter  Corp.,  874-875 
Warren  Webster  &  Co.,  984-987 
Westinghouse  Elec.  &   Mfg.  Co., 

826-827,  876 
Wright-Austin  Co.,  1037 

SEPARATORS,  Steam 

Cochrane  Corp.,  1031 
Crane  Company,  998-999 
Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Warren  Webster  &  Co.,  984-987 
Wright-Austin  Co.,  1037 

SHEETS,  Aluminum  Foil 

Aluminum  Aircell  Insulation  Co., 

1059 

Reynolds  Metals  Co.,  Inc.,  1080 
Ruberoid  Co.,  The,  1078-1079 
United  States  Gypsum  Co.,  1082- 

1083 

SHEETS,  Aluminized  Steel 

Reynolds  Metals  Co.,  Inc.,  1080 

SHEETS,    Asbestos,    Flat    and 
Corrugated 

Carey,  Philip,  Co.,  1061 

Ehret  Magnesia  Mfg.   Co.,   1064- 

1065 

Johns-Manville,  1072-1073 
Ruberoid  Co.,  The,  1078-1070 

SHEETS,  Black  Galvanized 

American  Rolling  Mill  Co.,  933 
Bethlehem  Steel  Co.,  934 
Carnegie-Illinois  Steel  Corp.,  935 
Columbia  Steel  Co,,  935 
Tennessee  Coal,  Iron  &   Railroad 

Co.,  935 
United  States  Export  Co.,  935 

SHEETS,  Copper  Alloy 

American   Brass   Company,    1042- 

1043 
Carnegie-Illinois  Steel  Corp.,  935 

SHEETS,  Copper  Bearing  Steel 

American  Rolling  Mill  Co.,  933 
Bethlehem  Steel  Co.,  934 
Carnegie- Illinois  Steel  Corp.,  935 
Columbia  Steel  Co,,  935 
Tennessee  Coal,  Iron  &  Railroad 

Co.,  935 
United  States  Export  Co.,  935 

SHEETS,  Felt 

Ruberoid  Co.,  1078-1079 

SHEETS,  Pure  Iron 

American  Rolling  Mill  Co.,  933 
Columbia  Steel  Co.,  935 
Tennessee  Coal,   Iron  &  Railroad 

Co.,  935 
United  States  Export  Co.,  935 

SHEETS,  High  Tensile 

American  Rolling  Mill  Co.,  933 
Bethlehem  Steel  Co.,  934 
Carnegie  Illinois  Steel  Co,,  935 

SHEETS,  Special  Finish 

American  Rolling  Mill  Co.,  933 
Bethlehem  Steel  Co.,  934 
Carnegie- Illinois  Steel  Corp.,  935 
Columbia  Steel  Co,,  935 
Tennessee  Coal,  Iron  &  Railroad 

Co.,  935 
United  States  Export  Co.,  936 
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SHEETS,  Stainless  Steel 

American  Rolling  Mill  Co.,  933 
Carnegie-Illinois  Steel  Corp.,  935 
Columbia  Steel  Co.,  935 

SHEETS,  Steel 

American  Rolling  Mill  Co,,  933 
Bethlehem  Steel  Co.,  934 
Carnegie-Illinois  Steel  Corp.,  935 
Columbia  Steel  Co.,  935 
Tennessee  Coal,   Iron  &  Railroad 

Co.,  935 
United  States  Export  Co.,  935 

SHUTTERS,  Automatic 

American  Coolair  Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Barber-Colman  Co.,  921,  940 
Champion  Blower  &  Forge  Co.,  904 
Ilg  Electric  Ventilating  Co.,  90G 
Minneapolis- Honey  well    Regulator 

Co.,  954-955 

New  York  Blower  Co.,  910 
B.  F.  Sturtevant  Co.,  908-909 
L.  J.  Wing  Mfg.  Co.,  855-857 

SLIME  PREVENTION  (See  also 

Algae  Prevention) 
Oakite  Products,  Inc.,  877 

SMOKE  DENSITY 
RECORDING 

Bristol  Company,  The,  941 
Leeds  &  Northrup  Co.,  951 
Westinghouse   Elec.   &   Mfg.   Co., 
826-827,  876 

SOOT  DESTROYER 

Vinco  Company,  Inc.,  988-989 

SOUND   DEADENING,   Insula- 
tion 

Aluminum  Aircell  Insulation  Corp., 

1059 

Armstrong  Cork  Company,  1060 
Celotex  Corporation,  The,  1062 
Eagle-Picher  Lead  Co.,  1063 
Ehret  Magnesia  Mfg.   Co.,   1064- 

1065 

Insulite  Company,  The,  1068-1069 
International    Fibre    Board,    Ltd., 

1071 

Johns-Manville,  1072-1073 
Kimberly-Clark  Corp.,  1074-1075 
Mundet  Cork  Corp.,  1076 
Pacific  Lumber  Co.,  The,  1077 
Ruberoid  Co.,  The,  1078-1079 
Standard  Lime  &  Stone  Co.,  1081 
United  States  Gypsum  Co.,  1082- 

1083 
Wood  Conversion  Co.,  1084 

SPRAY  EQUIPMENT 

April  Showers  Company,  879 
Binks  Manufacturing  Co.,  880 
Martocello,  Jos.  A.  &  Co.,  882 
Yarnell- Waring  Co.,  1038 

SPRAY  NOZZLES 

American  Moistening  Co.,  878 
American  Blower  Corp.,  818-819 
Baker  Ice  Machine  Co.,  888 
Bayley  Blower  Company,  902 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Company,  903 
Clarage  Fan  Company,  821 
Marley  Co.,  The,  881 
Martocello.  Jos.  A.  &  Co.,  882 
D.    J.    Murray    Mfg.    Co.,    Unit 

Heater  &  Cooling  Div.,  852 
Parks- Cramer  Co.,  822 
B.  F.  Sturtevant  Co.,  908-909 


Trane  Company,  The,  858-859 
Westinghouse  Elec.   &   Mfg.   Co., 

826-827,  876 

Yarnell-Waring  Co.,  1038 
York  Ice  Machinery  Corp.,  829 

SPRAY    NOZZLE    COOLING 
SYSTEM 

American  Blower  Corp.,  818-819 
April  Showers  Company,  879 
Baker  Ice  Machine  Co.,  888 
Bayley  Blower  Co.,  902 
Binks  Manufacturing  Co.,  880 
Buffalo  Forge  Co.,  903 
Clarage  Fan  Company,  821 
Marley  Company,  881 

B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
Yarnall-Waring  Co.,  1038 
York  Ice  Machinery  Corp.,  829 

STACKS,  Steel 

Bethlehem  Steel  Co.,  934 
Brownell  Co.,  1018 
Farrar  &  Trefts,  Inc.,  997 
Hendrick  Mfg.  Co.,  924 

STAINLESS  STEEL  COILS  (Sec 
Coils,  Stainless  Steel) 

STEAM    HEATING    SYSTEMS 

(See  Pleating  Systems,  Steam) 

STOKERS,  Mechanical, 
Anthracite 

Babcock  &  Wilcox  Co.,  996 
Combustion  Engineering  Co.,  1019 
Crane  Company,  998-999 
Iron  Fireman  Mfg.  Co.,  1022-1023 
MotorStoker  Division  Hershey  Ma- 
chine &  Fdy.  Co.,  1024 

STOKERS,  Mechanical, 
Bituminous 

Babcock  &  Wilcox  Co.,  996 
Brownell  Company,  1018 
Combustion  Engineering  Co.,  1019 
Crane  Company,  998-999 
Delco  Appliance  Div.,   General 

Motors  Sales  Corp.,  832-833 
Detroit  Stoker  Co.,  942-943 
Iron  Fireman  Mfg.  Co.,  1022-1023 
Meyer  Furnace  Company,  840 

STOKER  MOTORS  (See  Motors, 
Electric} 

STRAINERS,  Dirt 

Barnes  &  Jones,  Inc.,  968 
Crane  Company,  998-999 

C.  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Inc.,  972-974,  1034 
Henry  Valve  Company,  947 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co,,  961 
Staynew  Filter  Corp.,  874-875 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 
Wright-Austin  Co.,  1037 

STRAINERS,  Oil 

Automatic  Products  Corp.,  939 
Crane  Company,  998-999 
Detroit  Lubricator  Co.,  942-943 
General  Electric  Company,  916-917 
Henry  Valve  Company,  947 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc., 
1036 


Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Staynew  Filter  Corp.,  874-875 
Todd  Combustion  Equipment,  Inc.. 

1017 
Wright-Austin  Co.,  1037 

STRAINERS,  Refrigerant 

Alco  Valve  Company,  938 
Frick  Company,  Inc,,  891 
Henry  Valve  Company,  947 
Westinghouae   Elec.   &  Mfg.   Co., 
820-827,  870 

STRAINERS,  Steam 

Crane  Company,  998-999 
Detroit  Lubricator  Co.,  942-043 
Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc., 

1030 

Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Trane  Company,  The,  858-859 
Wright-Austin  Co.,  1037 

STRAINERS,  Water 

Crane  Company,  996-999 
Detroit  Lubricator  Co.,  942-943 
Illinois  Engineering  Co.,  978-977 
Kieley  &  Mueller,  Inc.,  1035 
McDonnell  &  Miller,  990-991 
Mueller  Steam  Specialty  Co.,  Inc., 

1030 

Powers  Regulator  Co.,  958-950 
Sarco  Company,  Inc.,  980-081 
Spence  Engineering  Co.,  961 
Staynew  Company,  Inc.,  874-875 
Wright- Austin  Co.,  1037 
Yarnall-Waring  Co.,  1038 

SWITCHES,  Float 

Alco  Valve  Company,  938 
SWITCHES,  Flow  Control 

McDonnell  &  Miller,  990-991 

TANK  COILS  (See  Coils,  Tank) 

TANK  COVERING  (See  Covering, 
Pipes  and  Surfaces) 

TANK  HEATERS    (See    Heaters, 
Tank) 

TANKS,  Blow-off 

Brownell  Company,  The,  1018 
Farrar  &  Trefts,  Inc.,  997 
Kewanee  Boiler  Corp.,  1002-1005 

TANKS,  Pressure 

Baker  Ice  Machine  Co.,  888 
Bell  and  Gossett  Co.,  969 
Bethlehem  Steel  Co.,  934 
Binks  Manufacturing  Co.,  880 
Brownell  Company,  The,  1018 
Burnham  Boiler  Corp.,  994-995 
Farrar  &  Trefts,  Inc.,  997 
Frick  Company,  891 
Kewanee  Boiler  Corp,,  1002-1005 

TANKS,  Storage 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
E,  B.  Badger  &  Sons  Co.,  1030 
Bethlehem  Steel  Co.,  934 
Brownell  Company,  The,  1018 
Burnham  Boiler  Corp.,  994-995 
Farrar  &  Trefts,  Inc.,  997 
Frick  Company,  891 
Kewanee  Boiler  Corp.,  1002-1005 
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TEMPERATURE  CONTROL 

American  Moistening  Co.,  878 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-995 
Barber-Colman  Co.,  921,  940 
Barnes  &  Jones,  Inc.,  968 
Bell  &  Gossett  Co.,  880 
Bristol  Company,  The,  941 
Crane  Company,  998-999 
Delco    Appliance     Div.,     General 

Motors  Sales  Corp,,  832-833 
Detroit  Lubricator  Co.,  942-943 
C.  A.  Dunham  Co.,  970-971 
Julien  P.  Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
General  Electric  Company,  916-917 
Illinois  Engineering  Co.,  978-979 
Illinois  Testing  Laboratories,  Inc., 

950 

Johnson  Service  Co.,  948-949 
Kieley  &  Mueller,  Inc.,  1035 
Leeds  &  Northrup  Co,,  951 
Manning,  Maxwell  8c  Moore,  Inc., 

952 

Mercoid  Corporation,  The,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Owens-Illinois  Glass  Co.,  1054 
Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  902- 

963 

Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 
White-Rodgers  Elec.  Co.,  965 
L.  J.  Wing  Mfg.  Co.,  855-857 
Yarnall- Waring  Co,,  1038 

THERMOMETERS,   Distance 
Type 

Bristol  Company,  The,  941 
Julien  P.  Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Illinois  Testing  Laboratories,  Inc., 

950 

Johnson  Service  Co.,  948-949 
Leeds  &  Northrup  Co,,  951 
Manning,  Maxwell  &  Moore,  Inc., 

952 
Minneapolis-Honeywell    Regulator 

Co,,  954-955 
Palmer  Company,  956 
Powers  Regulator  Co,,  958-969 
Sarco  Co.,  Inc.,  080-981 
Taylor  Instrument  Companies,  962- 


United  States  Gauge  Co.,  964 

THERMOMETERS,    Indicating 

Bell  and  Gossett  Co.,  969 
Bristol  Company,  The,  941 
Julien  P.  Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Illinois  Testing  Laboratories,  Inc., 

950 
Johnson  Service  Co.,  D48-949 


952 


THERMOMETERS,  Recording 

Bristol  Company,  The,  941 
Julien  P.  Friez  &  Sons,   Div,   of 

Bendix  Aviation  Corp.,  946 
Leeds  &  Northrup  Co.,  951 
Manning,  Maxwell  &  Moore,  Inc., 

952 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 
Palmer  Company,  956 
Powers  Regulator  Co.,  958-959 
Taylor  Instrument  Companies,  962- 

963 
United  States  Gauge  Co.,  964 

THERMOSTATS 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Automatic  Products  Corp.,  939 
Barber-Colraan  Co.,  921,  940 
Crane  Company,  998-999 
Detroit  Lubricator  Co,,  942-943 
Julien  P.  Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
General  Electric  Company,  916-917 
Illinois  Engineering  Co.,  978-979 
Johnson  Service  Co.,  948-949 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Mercoid  Corporation,  The,  953 
Minneapolis-Honeywell  Regulator 

Co.,  954-955 

Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
White-Rodgers  Elec.  Co,,  965 

TIN  PLATE 

Bethlehem  Steel  Co.,  934 
Carnegie-Illinois  Steel  Corp.,  935 

TOWERS,   Cooling   (See  Cooling 
T(men} 

TRANSFORMERS 

General  Electric  Company,  916-917 
Mercoid  Corporation,  953 
Wagner  Electric  Corp.,  915 

TRAPS,  Bucket          ,   ' 

Armstrong  Machine  Works,  1032- 

Cochrane  Corp.,  1031 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
Illinois  Engineering  Co,,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Wright-Austin  Co.,  1037 

TRAPS,  Float 

American  District  Steam  Co,,  1029 
Armstrong  Machine  Works,  1032- 

1033 
Barnes  &  Jones,  Inc.,  968 


TRAPS,  Float  and  Thermostatic 

American  District  Steam  Co,,  1029 
Armstrong  Machine  Works,  1032- 

1033 

Barnes  &  Jones,  Inc.,  968 
C.  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Inc.,  972-974,  1034 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 
Wright-Austin  Co.,  1037 

TRAPS,  Radiator 

Armstrong  Machine  Works,  1032- 

1033 

Barnes  &  Jones,  Inc.,  968 
C,  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Inc.,  972-974,  1034 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  Si  Co.,  984-987 

TRAPS,  Return 

Barnes  &  Jones,  Inc.,  968 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  r J  rtft~ 


Co.,  954-955 
Palmer  Company,  The,  950 
Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Taylor  Instrument  Companies,  962- 

963 
Triplex  Heating  Specialty  Co.,  982- 

983 
United  States  Gauge  Co.,  964 


TRAPS,  Scale 

Henry  Valve  Company,  947 

TRAPS,  Steam 

American  District  Steam  Co.,  1029 
Armstrong  Machine  Works,  1032- 

1033 

Barnes  &  Jones,  Inc.,  968 
Cochrane  Corp.,  1031 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Inc.,  972-974,  1034 
William  S.  Haines  &  Co. ,  975 
Hoffman  Specialty  Co,,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Sarco  Company,  Inc.,  980-981 
Powers  Regulator  Co.,  958-969 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co 

- Co.,  lOtJY 

Co.,  1038 


.^  ^ 

Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc. 

1036 

Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co,,  984-987 
Wright-Austin  Co.,  1037 


TRAPS,  Thermostatic 

Barnes  &  Jones,  Inc.,  968 
C.  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Inc.,  972-974,  1034 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 
Illinois  Engineering  Co.,  978-979 
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Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 

TRAPS,  Vacuum 

Armstrong  Machine  Works,  1032- 

1033 

Barnes  &  Jones,  Inc.,  968 
C.  A.  Dunham  Co.,  970-971 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co,,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 
Wright- Austin  Co.,  1037 

TUBE  CLEANERS 

Martocello,  Jos.  A.  &  Sons,  882 

TUBES,  Boiler 

Babcock  &  Wilcox  Co.,  996 
Bethlehem  Steel  Co.,  933 
Carnegie-Illinois  Steel  Corp.,  935 

TUBES,  Copper 

American  Brass  Company,  1042- 
1043 

TUBES,  Pitot  (See  Air  Measuring 
and  Recording  Instruments') 

TUBING,  Aluminum 

Reynolds  Metals  Co.,  Inc.,  1080 
Wolverine  Tube  Company,  1045 

TUBING,  Copper 

American   Brass   Company,   1042- 

1043 
Wolverine  Tube  Company,  1045 

TUBING,  Fabricated 

Acme  Industries,  Inc.,  887 
Bethlehem  Steel  Co.,  934 
Arthur  Harris  &  Co.,  1044 
Wolverine  Tube  Company,  1045 

TUBING,  Flexible  Metallic  (See 

also  Conduit,  flexible) 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 

TUBING,  Steel 

Babcock  &  Wilcox  Co.,  996 
Bethlehem  Steel  Co.,  934 

TURBINES 

Coppus  Engineering  Corp.,  867 
B.  F.  Sturtevant  Co.,  908-909 
Westinghouse  Elec.  &  Mfg.   Co,, 

826-827,  876 
L.'J.  Wing  Mfg.  Co.,  855-857 

UNDERGROUND  PIPE  CON- 
DUITS (See  Conduits,  Under- 
ground Pipe) 

UNIT  HEATERS  (See  Heaters, 
Unit) 

UNIT  VENTILATORS  (See  Venti- 
lators, Unit) 

UNITS,  Air  Conditioning  (See 
Air  Conditioning  Units) 


V-BELT  DRIVES 

American  Coolair  Corp.,  900-901 
Frick  Company,  891 
Worthington  Pump  &  Machinery 
Corp.,  896-897 

VACUUM  HEATING  SYSTEMS 

(See  Heating  Systems,  Vacuum) 

VALVES,  Air 

American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Anderson  Products,  Inc.,  1039 
Armstrong  Machine  Works,  1032- 

1033 

Bristol  Company,  The,  941 
Burnham  Boiler  Corp,,  994-995 
Crane  Company,  998-999 
Curtis  Refrigerating  Machine  Co., 

Div.  of  Curtis  Mfg.  Co.,  890 
Detroit  Lubricator  Co.,  942-943 
Dole  Valve  Company,  1040 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Jenkins  Bros,,  1041 
Kieley  &  Mueller,  Inc.,  1035 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Spence  Engineering  Co.,  961 
Trane  Company,  The,  858-859 
Triplex  Heating  Specialty  Co.,  982- 

983 
Wright-Austin  Co.,  1037 

VALVES,  Angle,  Globe  and 
Cross 

Baker  Ice  Machine  Co.,  888 
Burnham  Boiler  Corp.,  994-995 
Carbondale    Div.,    Worthington 
Pump  &  Machinery  Co.,  896-897 
Crane  Company,  998-999 
Detroit  Lubricator  Co.,  942-943 
Frick  Company,  891 
Grinnell  Co.,  Inc.,  972-974, 1034 
Henry  Valve  Company,  947 
Jenkins  Bros.,  1041 
York  Ice  Machinery  Corp.,  829 

VALVES,  Automatic 

Alco  Valve  Company,  Inc.,  938 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Anderson  Products,  Inc.,  1039 
Automatic  Products  Corp.,  939 
Baker  Ice  Machine  Co.,  888 
Barber-Colman  Co,,  921,  940 
Crane  Company,  998-999 
Bristol  Company,  The,  941 
Detroit  Lubricator  Co.,  942-943 
Dole  Valve  Company,  1040 
Fedders  Manufacturing  Co.,  842- 

843 

Frick  Company,  891 
Julien  P.  Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
Johnson  Service  Co.,  948-949 
Kieley  &  Mueller,  Inc.,  1035 
Manning,  Maxwell  &  Moore,  Inc., 

952 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Trane  Company,  The,  858-859 
Triplex  Heating  Specialty  Co.,  982- 

983 

VALVES,  Back  Pressure 

Alco  Valve  Company,  938 
Baker  Ice  Machine  Co.,  888 


Cochrane  Corp.,  1031 
Crane  Company,  998-999 
Illinois  Engineering  Co.,  978-979 
Jenkins  Bros.,  1041 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  1036 
Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 
York  Ice  Machinery  Corp.,  829 

VALVES,  Balanced 

Crane  Company,  998-999 
Illinois  Engineering  Co.,  978-979 
Jenkins  Bros.,  1041 
Kieley  &  Mueller,  Inc.,  1035 
Mueller  Steam  Specialty  Co.,  1036 
Spence  Engineering  Co.,  961 

VALVES,  Blow-off 

Cochrane  Corp.,  1031 

Crane  Company,  098-999 

Detroit  Lubricator  Co.,  942-943 

Henry  Valve  Company,  947 

Jenkins  Bros.,  1041 

Kieley  &  Mueller,  Inc.,  1035 

Manning,  Maxwell  &  Moore,  Inc., 

952 

McDonnell  &  Miller,  990-991 
Yarnall-Waring  Co.,  1038 

VALVES,  By-Pass 

Crane  Company,  998-999 
Henry  Valve  Company,  947 
Jenkins  Bros.,  1041 
Johnson  Service  Co.,  948-949 
Manning,  Maxwell  &  Moore,  Inc., 
952 

VALVES,  Check 

Crane  Company,  998-999 
Fedders  Manufacturing  Co.,  842- 

843 

Frick  Company,  891 
Grinnell  Co.,  Inc.,  972-974,  1034 
Henry  Valve  Company,  947 
Illinois  Engineering  Co.,  978-979 
Jenkins  Bros.,  1041 
Manning,  Maxwell  &  Moore,  Inc., 

952 

Warren  Webster  &  Co.,  984-987 
York  Ice  Machinery  Corp.,  829 

VALVES,  Diaphragm 

Alco  Valve  Company,  938 
Illinois  Engineering  Co.,  978-979 
Johnson  Service  Co.,  948-949 
Kieley  &  Mueller,  Inc.,  1035 
Manning,  Maxwell  &  Moore,  Inc. 

952 

Mueller  Steam  Specialty  Co.,  1036 
Powers  Regulator  Co.,  958-959 
Taylor  Instrument  Companies,  962- 

963 
White-Rodgers  Electric  Co.,  965 

VALVES,  Expansion 

Alco  Valve  Company,  Inc.,  938 
Automatic  Products  Corp.,  939 
Crane  Company,  998-999 
Detroit  Lubricator  Co.,  942-943 
Fedders  Manufacturing  Co.,  842- 

843 

Frick  Company,  891 
Fulton  Sylphon  Co.,  944-945 
Henry  Valve  Company,  947 
Spence  Engineering  Co.,  961 
York  Ice  Machinery  Corp.,  829 

VALVES,  Float 

Alco  Valve  Company,  Inc.,  938 
Anderson  Products,  Inc.,  1039 
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Baker  Ice  Machine  Co.,  888 
Cochrane  Corp.,  1031 
Crane  Company,  908-999 
Detroit  Lubricator  Co.,  942-943 
Dole  Valve  Company,  1040 
Frick  Company,  Inc.,  891 
General  Electric  Company,  910*917 
Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
McDonnell  &  Miller.  990-991 
Mueller  Steam  Specialty  Co.,  1030 
Spence  Engineering  Co.,  961 
Trane  Company,  The,  858-859 
York  Ice  Machinery  Corp.,  829 

VALVES,  Flow  Control 

Bell  &  Gosaett  Co.,  969 
Bristol  Company,  The,  941 
Crane  Company,  998-999 
C.  A.  Dunham  Co.,  970-971 
Frick  Company,  Inc.,  891 
General  Electric  Company,  910-917 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Manning,  Maxwell  &  Moore,  Inc., 

952 

McDonnell  &  Miller,  990-991 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Powers  Regulator  Co.,  958-959 
Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 
Triplex  Heating  Specialty  Co.,  982- 

Warren  Webster  &  Co.,  984-987 

VALVES,  Gat© 

Crane  Company,  998-999 
Detroit  Lubricator  Co,.  942-943 
Grinnell  Co.,  Inc.,  972-074,  1034 
Jenkins  Bros,,  1041 
Manning,  Maxwell  &  Moore,  Inc., 
952 

VALVES,  Hydraulic 

Crane  Company.  998-999 

Jenkins  Bros.,  1041 

Manning,  Maxwell  &  Moore,  Inc., 

952 
Yarnall- Waring  Co.,  1038 

VALVES,  Magnetic 

Alco  Valve  Company,  Inc.,  938 
Automatic  Products  Corp.,  939 
Barber-Colman  Co.,  921,  940 
Detroit  Lubricator  Co.,  942-943 
Frick  Company,  891 
Julien  P.   Fries!  &  Sons,   Div.   of 

Bendix  Aviation  Corp.,  940 
General  Electric  Company,  916-917 
McDonnell  &  Miller,  990-991 
Mercoid  Corporation,  953 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Penn  Electric  Switch  Co,,  957 
Spence  Engineering  Co.,  961 

VALVES,  Mixing,  Thermostatic 

Barber-Colraan  Co.,  921, 940 
Dole  Valve  Company,  1040 
Fulton  Sylphon  Co.,  944-945 
Johnson  Service  Co.,  948-949 
Minneapolis-Honeywell    Regulator 

Co.,  054-965 

Powers  Regulator  Co.,  958-969 
Sarco  Company,  Inc.,  980-981 


VALVES,  Non-Return 

Crane  Company,  998-990 
Fedders  Manufacturing  Co.,  842- 

843 

Frick  Company,  891 
Illinois  Engineering  Co.,  978-979 
Jenkins  Bros.,  1041 
Kieley  &  Mueller,  Inc.,  1035 
Manning,  Maxwell  &  Moore,  Inc., 

952 

VALVES,   Packless   Refrigerant 

Alco  Valve  Company,  938 
Henry  Valve  Company,  947 

VALVES,  Pressure  Reducing 

(See  Regulators,  Pressure) 

VALVES,  Pump 

Crane  Company,  998-999 

Jenkins  Bros.,  1041 

Trane  Company,  The,  858-859 

VALVES,  Purge 

Henry  Valve  Company,  947 

VALVES,  Radiator 

American  District  Steam  Co.,  1029 
American    Radiator    &    Standard 

Sanitary  Corp.,  992-993 
Anderson  Products,  Inc.,  1039 
Barnes  &  Jones,  Inc.,  968 
Bell  and  Gossett  Co.,  969 
Burnham  Boiler  Corp.,  994-995 
Crane  Company,  998-999 
Detroit  Lubricator  Co.,  042-943 
Dole  Valve  Company,  1040 
C.  A.  Dunham  Co.,  970-971 
Fulton  Sylphon  Co.,  944-945 
Grinnell  Co.,  Inc.,  972-974,  1034 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Jenkins  Bros.,  1041 
Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 

VALVES,  Radiator,  Electric 
Motor  Operated 

Barber-Colman  Co.,  921,  940 
Bristol  Company,  The,  941 
Julien  P.  Fries  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
General  Electric  Company,  916-917 
Jenkins  Bros.,  1041 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 
Sarco  Company,  Inc.,  980-981 

VALVES,  Radiator  Orifice 

American  District  Steam  Co.,  1029 
American    Radiator   &   Standard 

Sanitary  Corp.,  992-993 
Barnes  &  Jones,  Inc.,  968 
Detroit  Lubricator  Co.,  942-943 
C.  A.  Dunham  Co.,  970-971 
Grinnell  Co.,  Ine,,  972-974,  1034 
William  S.  Haines  &  Co.,  975 
Hoffman  Specialty  Co.,  Inc.,  976- 

977 

Illinois  Engineering  Co.,  978-979 
Sarco  Company,  Inc.,  980-981 
Trane  Company,  The,  858-859 
Warren  Webster  &  Co.,  984-987 

VALVES,  Radiator,  Pneumatic 
Diaphragm 

Bell  and  Gossett  Co.,  969 
Bristol  Company,  The,  941 
Johnson  Service  Co.,  948-949 


Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Powers  Regulator  Co.,  958-959 
Taylor  Instrument  Companies,  962- 

963 

VALVES,  Refrigerant  Line 

Frick  Company,  Inc.,  891 
Henry  Valve  Company,  947 

VALVES,  Relief 

Baker  Ice  Machine  Co,,  888 
Bell  and  Gossett  Co.,  969 
Cochrane  Corp.,  1031 
Crane  Company,  998-999 
Frick  Company,  891 
Henry  Valve  Company,  947 
Illinois  Engineering  Co.,  978-979 
Kieley  &  Mueller,  Inc.,  1035 
Manning,  Maxwell  &  Moore,  Inc., 

952 

McDonnell  &  Miller,  990-991 
Mueller  Steam  Specialty  Co.,  Inc., 

1036 

Trane  Company,  The,  858-859 
Triplex  Heating  Specialty  Co.,  982- 

983 
York  Ice  Machinery  Corp.,  829 

VALVES,  Safety 

American    Radiator    &    Standard 

Sanitary  Corp,,  992-993 
Baker  Ice  Machine  Co.,  888 
Crane  Company,  998-999 
Detroit  Lubricator  Co,,  942-943 
Frick  Company,  Inc.,  891 
Henry  Valve  Company,  947 
Jenkins  Bros.,  1041 
Manning,  Maxwell  8c  Moore,  Inc., 

952 

McDonnell  &  Miller,  990-991 
D.  J.  Murray  Mfg.  Co.,  Unit  Heater 

&  Cooler  Div.,  852 
Spence  Engineering  Co.,  961 
Triplex  Heating  Specialty  Co.,  982- 

983 

VALVES,  Solenoid 

Alco  Valve  Company,  Inc.,  938 
Anderson  Products,  Inc.,  1039 
Automatic  Products  Corp.,  939 
Barber-Colman  Co.,  921,  940 
Detroit  Lubricator  Co.,  942-943 
Frick  Company,  Inc.,  891 
Julien  P.  Friez  &  Sons,  Div.  of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
General  Electric  Company,  916-917 
McDonnell  &  Miller,  990-991 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Penn  Electric  Switch  Co.,  957 
Spence  Engineering  Co.,  961 
Trane  Company,  The,  858-859 
White-Rodgers  Electric  Co.,  965 

VALVES,  Stop  and  Check  (Sw 

Values,  Non-Return) 

VALVES,  Thermostatic 

Alco  Valve  Company,  Inc.,  938 
Automatic  Products  Corp.,  039 
Barber-Colman  Co.,  921,  940 
Barnes  &  Jones,  Inc.,  968 
Detroit  Lubricator  Co.,  042-943 
Fodders  Manufacturing  Co.,  842- 

843 
Julien  P.  Friez  &  Sons,  Div,  of 

Bendix  Aviation  Corp.,  946 
Fulton  Sylphon  Co.,  944-945 
General  Electric  Company,  916-917 
Grinnell  Co.,  Inc.,  972-974, 1034 
Illinois  Engineering  Co.,  978-079 
Johnson  Service  Co.,  948-949 
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Manning,  Maxwell  &  Moore,  Inc., 

952 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Sarco  Company,  Inc.,  980-981 
Spence  Engineering  Co.,  961 
Taylor  Instrument  Companies,  962- 

963 

Trane  Company,  The,  858-859 
White-Rodgers  Elec.  Co.,  965 
Yarnall-Waring  Co.,  1038 

VALVES,  Water  Regulating 

Automatic  Products  Corp.,  939 
Bell  and  Gossett  Co.,  969 
Cochrane  Corporation,  1031 
Crane  Company,  998-999 
Detroit  Lubricator  Co.,  942-943 
Fulton  Sylphon  Co.,  944-945 
General  Refrigeration  Corp.,  892 
Johnson  Service  Co.,  948-949 
Kieley  &  Mueller,  Inc.,  1035 
Manning,  Maxwell  &  Moore,  Inc., 

952 

McDonnell  &  Miller,  990-991 
Minneapolis-Honeywell    Regulator 

Co.,  954-955 

Mueller  Steam  Specialty  Co.,  1036 
Penn  Electric  Switch  Co.,  957 
Powers  Regulator  Co.,  958-959 
Spence  Engineering  Co.,  961 
York  Ice  Machinery  Corp.,  829 

VAPOR    HEATING    SYSTEMS 

(See  Heating  Systems,  Vapor) 

VENTILATORS,  Attic  (See  also 
Fans,  Electric,  Propeller  and  Ex- 
haust) 

American  Blower  Corp.,  818-819 
American  Coolair  Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Co.,  903 
Burnham  Boiler  Corp.,  994-995 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Co.,  821 
DeBothezat     Division,     American 

Machine  &  Metals,  Inc.,  905 
Gar  Wood  Industries,  Inc.,  834-835 
General  Electric  Company,  916-917 
Ilg  Electric  Ventilating  Co.,  906 
Lau  Blower  Company,  907 
H.  J.  Somers,  Inc.,  873 
B.  F.  Sturtevant  Co.,  908-909 
Torrington  Mfg.  Co.,  911-913 
United    States    Air    Conditioning 

Corp.,  828 

United  States  Register  Co.,  930 
Westinghouse  Elec.  &  Mfg,   Co., 

826-827,  876 
L.  J.  Wing  Mfg.  Co,,  855-857 

VENTILATORS,  Floor  and  Wall 

American  Blower  Corp.,  818-819 
American  Coolair  Corp.,  900-901 
Anemostat  Corp.  of  America,  919 
Auer  Register  Co.,  The,  920 
Barber-Colman  Co.,  921, 940 
Coppus  Engineering  Corp.,  867 
Hart  &  Cooley  Mfg.  Co.,  922-923 
Hendrick  Mfg.  Co.,  924 
Independent  Register  Co.,  925 
L.  J.  Mueller  Furnace  Co.,  838-839 
B.  F,  Sturtevant  &  Co.,  908-909 
Tuttle  &  Bailey,  Inc.,  927-929 
United  States  Register  Co.,  930 
Waterloo  Register  Co.,  931 

VENTILATORS,  Mushroom 

American  Blower  Corp.,  818-819 
Clarage  Fan  Company,  821 
Coppus  Engineering  Co.,  867 


L.  J.  Mueller  Furnace  Co.,  838-839 
Tuttle  &  Bailey,  Inc.,  927-929 

VENTILATORS,  Roof 

Airtherm  Mfg.  Co.,  841 
American  Coolair  Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Chainberlin  Metal  Weather  Strip 

Co.,  1048-1049 
DeBothezat    Division,    American 

Machine  &  Metals,  Inc.,  905 
General  Electric  Company,  916-917 
Ilg  Electric  Ventilating  Co.,  906 
Johns-Manville,  1072-1073 
New  York  Blower  Co.,  910 
B.  F.  Sturtevant  Co.,  908-909 

VENTILATORS,  Unit 

American  Blower  Corp.,  818-819 
American  Coolair  Corp.,  900-901 
Buffalo  Forge  Company,  903 
Davies  Air  Filter  Corp.,  868 
Ilg  Electric  Ventilating  Co.,  906 
Herman  Nelson  Corp.,  853 
John  J.  Nesbitt,  Inc.,  854 
New  York  Blower  Co.,  910 
Staynew  Filter  Corp,,  874-875 
B.  F.  Sturtevant  Co.,  908-909 
Trane  Company,  The,  858-859 
L.  J.  Wing  Mfg.  Co.,  855-857 
Young  Radiator  Company,  860 

VENTILATORS,  Window 

American  Air  Filter  Co.,  864-865 
American  Blower  Corp.,  818-819 
American  Coolair  Corp.,  900-901 
Autovent  Fan  &  Blower  Co.,  899 
Buffalo  Forge  Company,  903 
Carrier  Corporation,  820 
Chamberlin  Metal  Weather  Strip 

Co.,  1048-1049 

Coppus  Engineering  Corp.,  867 
Davies  Air  Filter  Corp.,  868 
General  Refrigeration  Corp.,  892 
Ilg  Electric  Ventilating  Co.,  906 
F.  Jaden  Manufacturing  Co.,  846 
Pittsburgh  Corning  Corp.,  1055 
H.  J.  Somers,  Inc.,  873 
Staynew  Filter  Corp.,  874-875 
B.  F.  Sturtevant  Co,,  908-909 

VIBRATION  ABSORBERS  (See 

also  Sound  Deadening) 
Armstrong  Cork  Company,  1060 
Celotex  Corporation,  1062 
Johns-Manville,  1072-1073 
Mundet  Cork  Company,  1076 
United  States  Gypsum  Co.,  1082- 

1083 

WALLBOARD,  Insulating 

Celotex  Corporation,  1062 
Insulite  Company,  1068-1069 
International   Fibre   Board,    Ltd., 

1071 
United  States  Gypsum,  1082-1083 

WARM  AIR  FURNACES  (See 
Furnaces,  Warm  Air) 

WARM  AIR  HEATING  SYS- 
TEMS (See  Heating  Systems, 
Furnace) 

WATER  COOLING  (See  also  Cool- 
ing Equipment,  Water;  Cooling 
Towers') 

Aerofin  Corporation,  883-885 
Airtemp  Div.,  Chrysler  Corp,,  830- 

831 

Baker  Ice  Machine  Co.,  888 
Carbondale    Div.,    Worthington 

Pump  &  Machinery  Corp,,  896- 

897 


Carrier  Corporation,  820 

Curtis  Refrigerating  Machine  Co., 

Div,  of  Curtis  Mfg.  Co.,  890 
Feddera  Manufacturing  Co.,  842- 

843 

Frick  Company,  Inc.,  891 
General  Refrigeration  Corp.,  892 
Marley  Co.,  Inc.,  881 
McQuay,  Incorporated,  848-849 
Refrigeration  Economics  Co.,  823 
Servel,  Inc.,  894 
Trane  Company,  The,  858-859 
Universal  Cooler  Corp.,  895 
Vilter  Manufacturing  Co.,  898 
Westinghouse  Elec.  &  Mfg,   Co., 

826-827,  876 
York  Ice  Machinery  Corp.,  829 

WATER     COOLING     TOWERS 

(See  Cooling  Towers,  Water) 

WATER  FEEDERS  (See  Feeders, 
Water) 

WATER  HEATERS  (See  Heaters, 
Hot  Water  Service) 

WATER  MIXERS, 
Thormostatic 

Fulton  Sylphon  Co,,  944-945 

WATER  TREATMENT 

American  Blower  Corp,,  818-819 
Cochrane  Corp.,  1031 
Oakite  Products,  Inc.,  877 
Research  Products  Corp.,  872 
Vinco  Company,  Inc,,  988-989 

WEATHER    INSTRUMENTS, 
Indicating  and  Recording 

Bristol  Company,  The,  941 
Julien  P.   Friez  &  Sons,   Div,   of 

Bendix  Aviation  Corp.,  946 
Johnson  Service  Co.,  948-949 
Leeds  &  Northrup  Co.,  951 
Palmer  Company,  The,  956 
Powers  Regulator  Co.,  958-959 
Taylor  Instrument  Companies,  962- 

963 

WEATHERSTRIPS,  Metal 

Chamberlin  Metal  Weather  Strip 
Co,,  1048-1049 

WELDING  FITTINGS  (See  Fit- 
tings, Welding) 

WELDING  ROD 

Carnegie-Illinois  Steel  Corp.,  935 
Wickwire  Spencer  Steel  Co,,  932 

WHEELS,  Blower 

American  Blower  Corp.,  818-819 
Autovent  Fan  &  Blower  Co.,  899 
Bayley  Blower  Company,  902 
Buffalo  Forge  Company,  903 
Champion  Blower  &  Forge  Co.,  904 
Clarage  Fan  Company,  821    . 
Hastings  Air  Conditioning  Co.,  845 
Lau  Blower  Co.,  907 
L.  J.  Mueller  Furnace  Co.,  838-839 
B,  F.  Sturtevant  Co.,  908-909 
Torrington  Mfg.  Co.,  911-913 
United    States    Air    Conditioning 

Corp,,  828 
Utility  Fan  Corporation,  914 

WINDOWS,  Supplementary 
Sash 

Chamberlin  Metal  Weather  Strip 

Co.,  1048-1049 
Libby-Owens-Ford  Glass  Co.,  1052 

1053 
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ENGINEERS  OF  HUMAN  COMFORT 

THE  Heating,  Ventilating  and  Air  Conditioning  Engineer  through 
his  work  and  research  brings  to  our  homes,  our  offices  and  our 
factories,  in  both  summer  and  winter,  that  climate  best  suited  to  our 
comfort  and  health.  He  is  truly  an  Engineer  of  Human  Comfort. 

In  September  1894,  a  little  group  of  engineers,  educators  and  manu- 
facturers gathered  in  New  York  and  agreed  that  the  great  art  of  heating 
and  ventilating  deserved  and  required  recognition  as  an  essential,  dis- 
tinctive and  highly  specialized  division  of  modern  engineering.  These 
men  realized  the  basic  importance  of  heating  and  ventilating  as  the 
primary  element  in  the  well-being  of  civilized  mankind,  living  and  working 
mostly  indoors. 

They  foresaw  the  need  for  research  and  one  of  the  first  acts  of  the 
organized  body  was  to  establish  a  Committee  on  Standards.  That  the 
Charter  Members  had  great  faith  in  their  enterprise  is  evident,  although 
little  did  they  dream  that  progress  would  be  so  rapid  in  their  profession. 

During  the  intervening  years  since  that  little  group  of  75  pioneers 
unfurled  the  banner  of  THE  AMERICAN  SOCIETY  OF  HEATING  AND  VENTI- 
LATING ENGINEERS — 3,032  of  the  real  leaders  of  thought  and  action  in 
heating,  ventilating,  and  air  conditioning  have  gathered  about  that 
standard  and  carried  it  proudly  before  them  far  along  the  way  of  real 
accomplishment.  They  may  be  identified  among  engineering  groups 
by  the  distinctive  emblem  which  was  adopted  by  the  Charter  Members. 

The  first  Annual  Meeting  was  held  in  New  York,  N.  Y.,  January  22-24, 
1895,  and  the  organization  was  incorporated  under  the  laws  of  the  State. 

The  Society  now  has  3,032  members  on  its  rolls,  including  engineers, 
educators,  scientists,  physicians,  architects,  contractors,  and  leaders  of 
industry.  There  are  four  classes  of  active  members,  namely:  MEMBER, 
ASSOCIATE,  JUNIOR  and  STUDENT, 

The  management  of  the  Society  is  entrusted  to  4  Officers  and  a  Council 
of  13  members.  Continuity  of  policy  is  insured  by  electing  4  men  annually 
for  a  3-year  term  and  retaining  the  retiring  president  on  the  Council  for 
1  year.  Research  work  is  in  charge  of  the  Committee  on  Research 
consisting  of  15  members,  5  being  elected  annually  for  a  period  of  3  years. 

The  three  major  activities  of  the  Society  are:  Membership  Service, 
Publication  and  Research,  the  record  of  its  accomplishments  being 
permanently  recorded  in  the  annual  TRANSACTIONS. 

Headquarters  of  the  Society  are  maintained  in  The  New  York  Life 
Building,  51  Madison  Avenue,  New  York,  N.  Y. 


Special  Committees 

Committee  on  Admission  and  Advancement:  L.  W.  Moon,  Chairman  (two  years) ;  Earle  W, 
Gray  (three  years);  C.  H.  Pesterfield  (one  year). 

Committee  on  Constitution  and  By-Laws:  F.  C.  Mclntosh,  Chairman;  M.  C.  Beman, 
W.  E.  Stark. 

A.S.H.V.E. — I.E.S.  Committee  on  Lighting  in  Air  Conditioning:  H.  M.  Sharp,  Chairman; 
E.  E.  Ashley,  A.  A.  Brainerd,  A.  D.  Cameron,  F.  H.  Faust,  W.  F.  Friend,  W.  E. 
Stark  and  Walter  Sturrock. 

A.S.H.V.E — A.S.T.M.  Committee  on  Thermal  Conductivity:  F.  C.  Houghten,  Chairman; 
C.  B.  Bradley,  H.  C.  Dickinson,  R.  H.  Heilrnan,  E.  R.  Queer,  F.  B.  Rowley,  T.  S. 
Taylor  and  G.  B.  Wilkes. 

F.  Paul  Anderson  Award  Committee:  W.  L.  Fleisher,  Chairman;  D.  S.  Boyden,  John 
Howatt,  W.  T.  Jones  and  Perry  West. 

Publication  Committee:  W.  H.  Severns,  Chairman  (one  year);  P.  Nicholls  (two  years); 
James  Holt  (three  years). 

Guide  Publication  Committee:  S.  S.  Sanford,  Chairman;  P.  D.  Close,  C.  M.  Humphreys, 
A.  J.  Offner  and  M.  F,  Rather. 

Speakers  Bureau  Committee:  W.  A.  Russell,  Chairman;  L.  F.  Kent,  M.  F.  Rather, 
A.  J.  Rummel,  A.  F.  H.  Scott,  G.  M.  Simonson  and  William  Worton. 

Committee  to  Study  the  Method  of  Selecting  Society  Officers  and  Council  Members:  H.  H. 
Erickson,  Chairman;  Tom  Brown,  R.  H.  Carpenter,  W.  H.  Driscoll,  F,  C,  Mclntosh 
and  W.  A.  Russell. 


Advisory  Committee  for  Pacific  Heating  and  Air  Conditioning  Exposition:  W.  L.  Fleisher, 
Chairman;  H.  H.  Douglas,  E.  O.  Eastwood,  J.  H.  Gumz,  M.  J.  Hauan,  Daniel 
Hayes,  J.  E.  McNevin,  N.  H.  Peterson,  T.  E,  Taylor  and  Dr.  B.  M.  Woods. 


Committee  on  Code  for  Testing  Surface  Coils  for  Heating  and  Cooling:  Tom  Brown, 
Chairman;  C.  A.  McKeeman,  Vice- Chair  man;  E.  L.  Hogan,  H.  F.  Hutzel,  L.  E. 
Moody,  A.  F.  Nass,  S.  F.  Nicoll,  M.  Noble,  L.  P,  Saunders  and  D.  C.  Wiley. 

Committee  on  Safety  Regulations  for  Heating,  Ventilating  and  Air  Conditioning  Systems: 
N.  A,  Hollister,  Chairman;  F.  H.  Buzzard,  B.  F.  McLouth,  G.  P.  Nachman  and 
C.  H.  Randolph. 


Nominating  Committee 

Chapter  Representative  Alternate 

Atlanta  S.  W.  BOYD  L.  F.  KENT 

Cincinnati  R.  E.  KRAMIG,  JR.  H.  E.  SPROULL 

Golden  Gate  G.  M.  SIMONSON  T.  A,  HILL 

Illinois  TOM  BROWN  M.  W.  BISHOP 

Kansas  City  W.  A.  RUSSELL  M.  A.  DISNEY 

Manitoba  G.  C.  DAVIS  R.  L.  KENT 

Massachusetts  H.  C.  MOORE  D.  S.  BOYDEN 

Michigan  W.  C.  RANDALL  G.  H.  TUTTLE 

Western  Michigan  B.  F.  McLouTH  L.  G.  MILLER 

Minnesota  R.  E.  BACKSTROM  H.  M.  BETTS 

Montreal  C.  W.  JOHNSON  F.  G.  PHIPPS 

New  York  0.  0.  OAKS  C.  S.  PABST 

Western  New  York  L.  P.  SAUNDERS  C.  A.  GIFFORD 

North  Carolina  R.  B.  RICE  E.  R.  HARDING 

Northern  Ohio  C.  M.  H.  KAERCHER  C.  F.  EVELETH 

Ontario  H.  R.  ROTH  C.  TASKER 

Oregon  E.  E.  CARROLL  E.  C.  WILLEY 

Pacific  Northwest  M.  J.  HAUAN  S.  D.  PETERSON 

Philadelphia  H.  H.  ERICKSON  R.  F.  JUNGER 

Pittsburgh  J.  F.  COLLINS,  JR.  F.  C.  MC!NTOSH 

St.  Louis  C.  F.  BOESTER,  JR.  J.  H.  CARTER 

Southern  California  J.  F.  PARK  H.  H.  DOUGLAS 

South  Texas  D.  S.  COOPER  A.  J.  RUMMEL 

Washington,  D.  C.  S.  P.  EAGLETON 


COMMITTEE  ON  RESEARCH 

A.  E.  STAGEY,  JR.,  Chairman 

C.-E.  A.  WINSLOW,  Vice-Chairman  F.  C.  HOUGHTEN,  Director 

J.  H.  WALKER,  Technical  Adviser  A.  C.  FIELD NER,  Ex-Officio  Member 

One  Year  Two  Years  Three  Years 

M.  K.  FAHNESTOCK  R.  E.  DALY  '     PHILIP  DRINKER 

W.  L.  FLEISHER  W.  A.  DANIELSON  AXEL  MARIN 


R.  J.  TENKONOHY  H.  J.  ROSE  A.  E.  STAGEY,  JR. 

T.  H.  URDAHL  C.  TASKER  J.  H.  VAN  ALSBUR 

B.  M.  WOODS  C.-E.  A.  WINSLOW  J.  H.  WALKER 


Executive  Committee 

A.  E.  STAGEY,  JR.,  Chairman 
M.  K.  FAHNESTOCK  T.  H.  URDAHL  C.-E.  A.  WINSLOW  B.  M.  WOODS 

Finance  Committee 

E.  P.  HECKEL,  Chairman 
J.  A.  GOFF  H.  B.  HEDGES  J.  A.  KIESLING  C.  H.  RANDOLPH 

Technical  Advisory  Committees 

Sensations  of  Comfort— Thomas  Chester,  Chairman;  C.  R.  Bellamy,  E.  P.  Heckel,  W.  S. 
Kilpatrick,  Dr.  W.  J.  McConnell,  A.  B.  Newton,  B.  F.  Raber,  C.  Tasker*. 

Physiological  Reactions— C.-E.  A.  Winslow*,  Chairman;  Dr.  T.  Bedford,  Dr.  E.  F. 
DuBois,  Dr.  M.  B.  Ferderber,  E.  P.  Heckel,  John  Howatt,  Dr.  R.  W.  Keeton, 
C.  S.  Leopold,  Andr6  Missenard,  Dr.  R,  R.  Sayers,  Dr.  Charles  Sheard,  C.  Tasker*. 

Treatment  of  Disease — Dr.  M.  B.  Ferderber,  Chairman;  Dr.  C.  J.  Barone,  Dr.  A.  R. 
Bchnke,  Dr.  B.  Z.  Cashman,  W.  L.  Fleisher*,  Dr.  T.  L.  Hazlett,  C.  S.  Leopold, 
Dr.  C.  D.  Selby,  Dr.  A.  W.  Shcrrill,  Dr.  H.  F.  Smyth,  Dr.  C.  S.  Stephenson,  Dr. 

B.  L.  Vosburgh. 

Air  Conditioning  in  Industry — W.  L.  Fleisher*,  Chairman;  Philip  Drinker*,  Dr.  Leonard 
Grcenburg,  H.  P.  Greenwald,  A.  M.  Kinney,  J.  W.  Kreuttner,  L.  L.  Lewis,  H.  B. 
Matzen,  Dr.  W.  J.  McConnell,  Dr.  C.  P.  McCord,  P.  A.  McKittrick,  Dr.  R.  R. 
Saycrs,  Dr.  Charles  Sheard,  C.  Tasker*,  R.  M.  Watt,  Jr. 
Air  Pollution  and  Purification — C.-E.  A.  Winslow*,  General  Chariman. 

(a)  Air  Pollution— IS.  J.  Rose*,  Chairman;  Philip  Drinker*,  H.  B.  Mcller,  J.  S. 

Owens,  Sol  Pincus,  R.  J.  Tenkpnohy*,  E.  C.  Webb,  E.  H.  Whitlock. 
(6)  Removal  Atmospheric  Impurities — Dr.  Leonard  Greenburg,   Chairman;  R.  S. 
Dill,  Theodore  Hatch,  L.  R.  Kollcr,  F.  H.  Munkelt,  G.  W.  Penney,  Dr.  E.  B. 
Phelps,  F.  B.  Rowley,  C.  Tasker*,  W.  0.  Vedder,  J.  H.  Waggoner,  R.  P.  Warren, 
W.  F,  Wells,  Dr.  Rene  Wiener. 

Radiation  and  Comfort—].  C.  Fitts,  Chairman;  A.  H.  Barker,  L.  M.  K.  Boelter,  R.  E. 
Daly*,  E.  R.  Gurney,  L.  N.  Hunter,  A.  P.  Kratz,  C.  S.  Leopold,  D.  W.  Nelson, 
W.  J.  Olvany,  G.  W.  Penney,  W.  R.  Rhoton,  C.-E.  A.  Winslow* 

Instruments— -D.  W.  Nelson,  Chairman;  F.  R.  Bichowsky,  L.  M.  K.  Boeltcr,  R.  S.  Dill, 
M.  K.  Fahnestock*,  A.  P.  Gagge,  J.  A.  Goff,  F.  W.  Reichelderfer,  G.  L.  Tuve, 

C,  P.  Yaglou. 

Weather  Design  Conditions— T .  H.  Urdahl*,  Chairman;  J.  C.  Albright,  P.  D.  Close,  John 

Everetts,  Jr.,  C.  M.  Humphreys,  J.  B.  Kincer,  0.  A.  Kinzer,  J.  W.  O'Neill,  F.  W. 

Reichelderfer. 
Radiation  with  Gravity  Air  Circulation — M.  K.  Fahnestock*,  Chairman;  R.  E.  Daly*, 

R.  S.  Dill,  A.  G.  Dixon,  H,  F.  Hutzel,  J.  P.  Magos,  J.  W.  McElgin,  J.  F.  Mclntire, 

T.  A.  Novotney,  W.  A.  Rowe. 
Heat  Transfer  of  Finned  Tubes  with  Forced  Air  Circulation — W.  E.  Heibel,  Chairman; 

William  Goodman,  H.  F.  Hutzel,  Ferdinand  Jehle,  S.  F.  Nicoll,  R.  H.  Norris,  L.  P. 

Saunders,  R.  J.  Tenkonohy*,  G.  L.  Tuve,  C.  F.  Wood. 
Cooling  Load  in  Summer  Air  Conditioning — C.  M.  Ashley,  Chairman;  John  Everetts,  Jr., 

M.  G.  Kershaw,  A.  E.  Knapp,  C.  S.  Leopold,. L.  S.  Morse,  R.  M.  Stikeleather, 

J.  H.  Walker*. 
Solid  Fuels — R.  A.  Sherman,  Chairman;  C.  E.  Bronson,  W.  A.  Danielson*,  R.  S.  Dill, 

H.  N.  Eavenson,  A.  C.  Fieldner,  L.  N.  Hunter,  A.  J.  Johnson,  R.  E.  Kerr,  H.  K. 

Kugel,  F.  L.  Meyer,  P.  Nicholls,  V.  F.  Parry,  H.  J.  Rose*    L.  E.  Seeley,   C.  E. 

Shaffer,  C.  Tasker*,  E.  C.  Webb. 


*Member  of  Committee  on  Research. 


Summer  Air  Conditioning  for  Residences — M.  K.  Fahnestock*,  Chairman;  C.  F.  Boester, 

E.  A.  Brandt,  John  Everetts,  Jr.,  H.  F.  Hutzel,  E.  D.  Milener,  K.  W.  Miller,  F.  G. 
Sedgwick,  J.  H.  Walker*. 

Air  Distribution  and  Air  Friction— J.  H.  Van  Alsburg*,  Chairman;  S.  H.  Downs,  A.  E, 
Hershey,  R.  D.  Madison,  L.  G.  Miller,  D.  W.  Nelson,  C.  H.  Randolph,  D.  J.  Stewart, 
M.  C.  Stuart,  Ernest  Szekely,  R.  J.  Tenkonohy*,  G.  L.  Tuve. 

Heat  Requirements  of  Buildings — P.  D.  Close,  Chairman;  E.  K.  Campbell,  J.  F.  S.  Collins, 
Jr.,  E.  F.  Dawson,  W.  H.  Driscoll,  H.  M.  Hart,  E.  C.  Lloyd,  H.  H.  Mather,  C,  H. 
Pesterfield,  F.  B.  Rowley,  R.  K.  Thulman,  J.  H.  Walker*. 

Air  Conditioning  Requirements  of  Glass — M.  L.  Carr,  Chairman;  C.  M.  Ashley,  L.  T. 
Avery,  F.  L.  Bishop,  W,  A.  Danielson*,  H.  C.  Dickinson,  J.  D.  Edwards,  J.  E. 
Frazier,  S.  O.  Hall,  E.  H.  Hobbie,  C.  L.  Kribs,  Jr.,  Axel  Marin*,  R.  A.  Miller, 

F.  W.  Parkinson,  J.  H.  Plummer,  W.  C.  Randall,  L.  T.  Sherwood,  J.  T.  Staples, 

G.  B.  Watkins,  F.  C.  Weinert. 

Insulation— R.  T.  Miller,  Chairman;  E.  A.  Allcut,  R.  E.  Backstrom,  Wharton  Clay, 
R.  E.  Daly*,  W.  A.  Danielson*,  H.  C.  Dickinson,  J.  D.  Edwards,  W.  V.  Hukill, 

E.  C.  Lloyd,  Paul  McDermott,  E.  W.  McMullen,  W.  T.  Miller,  E.  R.  Queer,  F.  B. 
Rowley,  W.  S,  Steele,  J.  H.  Waggoner,  G.  B.  Wilkes. 

Sound  Control — J.  S.  Parkinson,  Chairman;  E.  L.  Anderson,  C.  M.  Ashley,  A.  L.  Kimball, 
V.  0.  Knudsen,  R.  D.  Madison,  R.  F.  Norris,  C.  H.  Randolph,  A.  E.  Stacey,  Jr.*, 
G.  T.  Stanton,  A.  G.  Sutcliffe,  R.  M.  Watt,  Jr. 

Cooling  Towers,  Evaporative  Condensers  and  Spray  Ponds — B.  M.  Woods*,  Chairman; 
J.  C.  Albright,  W.  W.  Cockins,  S.  C.  Coey,  E.  H.  Hyde,  E.  H.  Kendall,  S.  R.  Lewis, 
J.  Lichtenstein,  H.  B.  Nottage,  J.  F.  Park,  E.  T.  Selig,  Jr.,  E.  H.  Taze. 

Psychrometry — F.  R.  Bichowsky,  Chairman;  D.  B.  Brooks,  W.  H.  Carrier,  H.  C.  Dickin- 
son, A.  W.  Gauger,  J.  A.  Goff,  William  Goodman,  A.  M.  Greene,  Jr.,  L.  P.  Harrison, 

F.  G.  Keyes,  A.  P.  Kratz,  D.  M.  Little,  Axel  Marin*,  D.  W.  Nelson,  W.  M.  Sawdon, 
F.  O.  Urban. 

Corrosion — A.  R.  Mumford,  Chairman;  H.  E.  Adams,  J.  F.  Barkley,  L,  F,  Collins,  W.  H. 

Driscoll,  T.  J.  Finnegan,  W.  Z.  Friend,  R.  R.  Seeber,  E.  T.  Selig,  Jr.,  F.  N.  Speller, 

J.  H.  Walker*. 
Flow  of  Fluids  Through  Pipes  and  Fittings — S.  R.  Lewis,  Chairman;  L,  A.  Cherry,  G.  C. 

Davis,  T.  M.  Dugan,  Earle  W.  Gray,  R.  T.  Kern,  H.  A.  Lockhart,  Axel  Marin* 

R.  F.  Taylor,  E.  L.  Weber. 

*Member  of  Committee  on  Research. 


Officers  of  Local  Chapters,  1940-41 


Atlanta 

Headquarters,  Atlanta,  Ga. 

Meets:    First  Monday  in  Month 
President,  T.  T.  TUCKER 

260  Peachtree  St.,  N.  W. 
Secretary,  L.  F.  KENT 

P.  O.  Box  1673 

Cincinnati 

Headquarters,  Cincinnati,  Ohio 
Meets:    Second  Tuesday  in  Month 

President,  R.  E.  KRAMIG,  JR. 
2224  East  14th  St. 

Secretary,  C.  E.  Husx 

Fourth  and  Main  Sts. 

Connecticut 

Headquarters,  Hew  Haven,  Conn. 
President,  L.  E.  SEELEY 

Yale  School  of  Engrg. 
Secretary,  E.  J.  RODEE 

290  Congress  St. 

Delta 

Headquarters,  New  Orleans,  La. 
President,  G.  E.  MAY 

317  Baronne  St. 
Secretary,  F.  G.  BURNS 

317  Baronne  St. 


Golden  Gate 

Headquarters,  San  Francisco,  Calif. 

Meets:    First  Tuesday  in  Month 
President,  N.  H.  PETERSON 

1120  Folsom  St. 
Secretary,  J.  A.  HILL 

245  Market  St. 

Illinois 

Headquarters,  Chicago,  111. 

Meets:    Second  Monday  in  Month 
President,  V.  L.  SHERMAN 

643  Hillside  Ave.,  Glen  Ellyn 
Secretary,  M.  W.  BISHOP 

228  N.  La  Salle  St.,  Chicago 

Iowa 

Headquarters,  Des  Homes,  Iowa 
Meets:    Second  Tuesday  in  Month 

President,  R.  A.  NORMAN 

715  Ridgewood  Ave.,  Ames 

Secretary,  N.  B.  DELAVAN 
414-12th  St.,  Des  Moines 

Kansas  City 

Headquarters,  Kansas  City,  Mo. 

Meets:    Second  Monday  in  Month 
President,  W.  L.  CASSELL 

912  Baltimore  Ave. 
Secretary,  E.  M.  JOLLEY 

3001  Fairfax  Rd.,  Kansas  City,  Kans. 


Officers  and  List  of  Chapters,  1940-41— (Continued) 


Manitoba 

Headquarters,  Winnipeg,  Man, 

Meets:    Third  Thursday  in  Month 
President,  P.  L,  CHARLES 

406  Tribune  Bldg. 
Secretary,  IVAN  MCDONALD 

44  Princess  St. 

Massachusetts 

Headquarters,  Boston,  Mass. 

Meets:    Third  Tuesday  in  Month 
President,  C.  P.  YAGLOU 

55  Shattuck  St. 
Secretary,  C.  M.  F.  PETERSON 

77  Massachusetts  Ave.,  Cambridge 

Michigan 

Headquarters,  Detroit,  Mich. 

Meets:   First  Monday  after  10th  of  Month 
President,  G.  H.  TUTTLE 

2000  Second  Ave. 
Secretary,  W.  H.  OLD 

1761  Forest  Ave.,  W. 

Minnesota 

Headquarters,  Minneapolis,  Minn. 
Meets:    First  Monday  in  Month 
President,  M.  H.  BJERKEN 

633  S.  Seventh  St. 
Secretary,  D.  B.  ANDERSON 

1081  First  National  Bank  Bldg. 
St.  Paul,  Minn. 

Montreal 

Headquarters,  Montreal,  Que. 

Meets:    Third  Monday  in  Month 
President,  C.  W.  JOHNSON 

630  Dorchester  St.,  W, 
Secretary,  F.  G.  PHIPPS 

5431  Earnscliffe  Ave. 

New  York 

Headquarters,  New  York,  N.  Y. 
Meets:    Third  Monday  in  Month 
President,  C.  S,  PABST 
55  West  42nd  St, 
Secretary,  T.  W.  REYNOLDS 

100  Pinccrest  Dr.,  Hastings-on-Hudson,  N.  Y. 

North  Carolina 

Headquarters,  Durham,  N.  C. 
President,  ARVIN  PAGE 

1001  S.  Marshall  St.,  Winston-Salen,  N.  C. 
Secretary,  T.  C.  COOKE 

400  E.  Peabody  St.,  Durham,  N.  C. 

North  Texas 

Headquarters,  Dallas,  Tex. 

Meets:    Second  Monday  in  Month 
President,  L.  S,  GILBERT 

1314  Liberty  Bank  Bldg. 
Secretary,  T.,  H.  ANSPACHER 

702  Tower  Petroleum  Bldg. 

Northern  Ohio 

Headquarters,  Cleveland,  Ohio 

Meets:    Second  Monday  in  Month 
President,  C.  A.  MCKEEMAN 

Case  School  of  Applied  Science 
Secretary,  C.  M.  H.  KAERCHER 

3030  Euclid  Ave. 

Oklahoma 

Headquarters,  Oklahoma  City,  Okla. 

Meets:    Second  Monday  in  Month 
President,  S.  L.  HOLLAND 

321  N.  Harvey  Ave. 
Secretary,  A.  R.  MORIN 

Box  1197 

Ontario 

Headquarters,  Toronto,  Ont. 

Meets:    First  Monday  in  Month 
President,  J.  W.  O'NEILL 

8  Springmount  Ave. 
Secretary,  H.  R.  ROTH 

57  Bloor  St.,  W. 


Oregon 

Headquarters,  Portland,  Ore. 

Meets:    Thursday  after  First  Tuesday  in  Month 
President,  T.  E.  TAYLOR 

307  Postal  Bldg. 
Secretary,  B.  W.  MOORE 

7408  Southeast  35th  Ave. 

Pacific  Northwest 

Headquarters,  Seattle,  Wash. 

Meets:  Second  Tuesday  in  Month 
President,  M.  J.  HAUAN 

3412-16th  South 
Secretary,  H.  T.  GRIFFITH 

324-1411  Fourth  Ave.  Bldg. 

Philadelphia 

Headquarters,  Philadelphia,  Pa. 

Meets:  Second  Thursday  in  Month 
President,  C.  B.  EASTMAN 

530  Brookview  Lane,  Brookline,  Pa. 
Secretary,  A.  C.  CALDWELL 

550  South  48th  St.,  Philadelphia,  Pa. 

Pittsburgh 

Headquarters,  Pittsburgh,  Pa. 

Meets:  Second  Monday  in  Month 
President,  F.  C.  MCINTOSH 

1238  Brighton  Rd. 
Secretary,  T.  F.  ROCKWELL 

Carnegie  Institute  of  Technology 

St.  Louis 

Headquarters,  St.  Louis,  Mo. 

Meets:    First  Tuesday  in  Month 
President,  C.  E.  HARTWEIN 

231  W.  Lockwood  Ave.,  Webster  Groves,  Mo. 
Secretary,  C.  F.  BOESTER 

101  'E.  Essex,  Kirkwood,  Mo. 

South  Texas 

Headquarters,  Houston,  Tex. 

Meets:    Third  Friday  in  Month 
President,  A.  J.  RUMMEL 

201  N.  St.  Mary's  St.,  San  Antonio 
Secretary,  R.  M.  SPENCER 

329  M  &  M  Bldg.,  Houston 

Southern  California 

Headquarters,  Los  Angeles,  Calif. 

Meets:  Second  Wednesday  in  Month 
President,  H.  H.  DOUGLAS 

601  W.  Fifth  St. 
Secretary,  H.  H.  BULLOCK 

212  N.  Vignes  St. 

Washington,  D.  C. 
Headquarters,  Washington,  D.  C. 
Meets:    Second  Wednesday  in  Month 
President,  F.  E.  SPURNEY 

28  W.  Baltimore  St.,  Kensington,  Md. 
Secretary,  E.  H.  LLOYD 

1626  K  St.,  N.  W.,  Washington,  D.  C. 

Western  Michigan 

Headquarters,  Grand  Rapids,  Mich. 

Meets:  Second  Monday  in  Month 
President,  T.  D.  STAFFORD 

954  Ogden  Ave.,  S.  E. 
Secretary,  F.  C.  WARREN 

200  Division  Ave.,  N. 

Western  New  York 

Headquarters,  Buffalo,  N.  Y. 

Meets:  Second  Monday  in  Month 
President,  C.  A.  GIFFORD 

78  Roycroft  Blvd.,  Snyder,  N.  Y. 
Secretary,  S.  M.  QUACKENBUSH 

597  Michigan  Ave.,  Buffalo,  N.  Y. 

Wisconsin 

Headquarters,  Milwaukee,  Wis. 

Meets:  Third  Monday  in  Month 
President,  A.  S.  KRENZ 

5114  W.  Center  St. 
Secretary,  H.  W.  SCHREIBER 

507  E.  Michigan  St. 


HOW  TO  APPLY  FOR  MEMBERSHIP 


The  real  accomplishments  of  life  are 
usually  measured  by  the  service  one  has 
rendered  to  his  fellows  and  the  true  cul- 
tural refinement  of  mind,  the  finest  sense 
of  personal  and  professional  ethics,  factors 
transcending  all  material  elements  in  what 
man  calls  "success,"  are  developed  through 
association  with  those  of  high  ideals  and 
cherished  ambitions  in  the  same  field  of 
activity.  THE  AMERICAN  SOCIETY  OF 
HEATING  AND  VENTILATING  ENGINEERS 
offers  to  him  whose  work  is  definitely 
within  its  province  an  opportunity  for 
such  association  and  an  opportunity  for 
real  service  to  his  profession, 

Every  man  in  the  heating,  ventilating 
and  air  conditioning  profession  needs  the 
Society — 

1 — Because  of  the  contacts  that  it  brings 
through  national  and  local  meetings. 

2 — Because  of  the  information  supplied  by 
Society  Publications. 

3 — Because  of  the  opportunities  that  re- 
search reveals  in  new  applications  for 
engineering  services  and  equipment. 

4 — Because  of  the  satisfaction  to  be  de- 
rived in  contributing  to  human  comfort 
and  well  being. 

A  Candidate  must  make  application  on 
the  printed  form  "Membership  Appli- 
cation" which  is  available  at  the  head- 
quarters office  or  from  Chapter  Officers 
and  members.  A  statement  of  qualifi- 
cations and  engineering  experience  is 
required  and  four  members  must  act  as 
sponsors  except  under  certain  conditions 
noted  in  Article  5-1 1 1  of  the  By-Laws. 

Initiation  Fees  for  1941  are:  Members 
and  Associate  Members  3510,00;  Junior 
Members  $5.00.  The  Initiation  Fee  must 
accompany  application. 


For  1941  the  annual  dues  of  the  Society 
are:  Members  and  Associate  Members 
$18.00;  Junior  Members  $10.00;  and  Student 
Members  $3.00.  Dues  of  new  members 
are  pro-rated  on  a  quarterly  basis. 

ARTICLE  C-II— MEMBERSHIP 

Section  1.  Persons  connected  with  the 
arts  and  sciences  related  to  heating,  venti- 
lating or  air  conditioning  are  eligible  for 
admission  into  the  Society. 

Section  4«  A  Member  shall  be  thirty 
(30)  years  of  age  or  over  and  shall  be  a 
person  of  experience  in  the  science  of  heat 
transfer  in  its  application  to  the  art  of 
heating,  ventilating  or  air  conditioning, 
and  shall  have  been  in  active  practice  of 
his  profession  and  in  responsible  charge  of 
important  work  for  five  (5)  years  and  shall 
be  qualified  to  design  as  well  as  to  direct 
such  engineering  work, 

Section  5.  A  Junior  Member  shall  be  a 
person  over  twenty  (20)  years  and  under 
thirty  (30)  years  of  age,  who  has  been 
actively  engaged  in  the  work  of  heating, 
ventilating  or  air  conditioning  for  three  (3) 
years,  or  is  a  graduate  of  a  school  of  engi- 
neering of  recognized  standing. 

Section  6,  An  Associate  Member  shall 
be  twenty-five  (25)  years  of  age  or  over. 
He  need  not  be  an  engineer,  but  must  have 
been  so  connected  with  some  branch  of 
engineering  or  the  art  of  heating,  venti- 
lating, air  conditioning  or  the  industries 
relating  thereto,  that  he  may  be  considered 
as  qualified  to  co-operate  with  heating  and 
ventilating  engineers  in  the  advancement 
of  professional  knowledge. 

Section  7.  A  Student  Member  shall  be 
a  person  between  the  ages  of  18  and  25 
years,  who  is  regularly  attending  courses 
in  an  engineering  college  or  technical 
school  at  the  time  of  applying  for  member- 
ship. 
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Roll  of  Membership 

AMERICAN  SOCIETY  of  HEATING  and  VENTILATING  ENGINEERS 


1941 

(Corrected  to  January  15,  1941) 


HONORARY  MEMBERS 

BALDWIN,  WM.  J.  (1915),  New  York,  N.  Y.  (Deceased  May  7, 1924.) 
BILLINGS,  DR.  J.  S.  (1896),  New  York,  N,  Y.  (Deceased  March  10, 1913.) 
BOLTON,  REGINALD  PELHAM  (1897),  New  York,  N.  Y. 

BRECKENRIDGE,  L.  P.  (1920),  North  Ferrisburg,  Vt.  (Deceased  August  22,  1940.) 
GORMLY,  JOHN  (Charter  Member),  Nomstown,  Pa.  (Deceased  January  31,  19290 
NEWTON,  G.  W,  (Charter  Member),  Baltimore,  Md.  (Deceased  August  6, 1920.) 
HOOD,  0.  P.  (1929),  Washington,  D.  C.  (Deceased  April  22,  1937.) 
JELLETT,  STEWART  A.  (Charter  Member),  (Presidential  Member),  Philadelphia,  Pa, 
(Deceased  April  5,  1935.) 


LIST  OF  MEMBERS  Arranged  Alphabetically 

(Asterisk  indicates  authorship  of  papers) 

(U  1923;  A  1918;  J  19M  indicates,  Election  as  Member  1923;  Associate  1918;  Junior  1916. 
(Pres.  1923)  indicates,  Elected  President  in  1923  and  is  now  a  Presidential  Member, 


ABBOTT,  Thomas  J.  (U  1938)  Vice-Pres,  (for 
mail)  Gecx  C.  Abbott,  Ltd.,  119  Harbord  St.,  and 
42  Ardrnore  Rd.(  Toronto,,  Ont,,  Canada, 

ABRAMS,  Abraham  (M  1927:  J  1924)  Pres., 
Abbey  Heating  Co,,  Inc.,  81  Centre  Ave.,  and 
(for  mail)  100  Clove  Rd.,,New  Rochelle,  N.  Y, 

ABRAMSON,  Ralph  J.  (A  1938)  Estimating  & 
Design  Engr.,  Hipskind  Heating  &  Plumbing  Co., 
1726  Winter  St.,  and  (for  mail)  2040  Henrietta 
St.,  Fort  Wayne,  Ind. 

ACHESON,  Albert  R.  (M  1019)  Prof.,  Mech. 
Engrg.,  Syracuse  University,  and  501  Eckel 
Theatre  Bldg.,  and  (for  mail)  852  Ostrom  Ave., 
Syracuse*  N.  Y. 

ADAIR,  James  S.  (A  1941;  J  1940)  Owner  (for 
mail)  Southern  Equipment  Co,,  205  Baiter  Bldg., 
and  520  Rue  Chartres,  Vieux  Carre,  New  Orleans, 
La. 

ADAM,  Ray  W,  (A  1938)  Owner  (for  mail) 
William  A,  Adam  Co.,  8810  Grinnell  Ave,,  and 
5911  Courville  Ave,,  Detroit,  Mich. 

ADAMS,  Bruce  P.  (A  1930)  Gen.  Mgr.  (for  mail) 
McDonnell  &  Miller,  400  N,  Michigan  Ave., 
Chicago,  and  2211  Greenwood  Ave.,  Wilmette, 
III 

ADAMS,  Chester  Z.  (M  1939)  Br.  Mgr.  (for  mail) 
Ilg  Electric  Ventilating  Co.,  Box  1356,  504  Pied- 
mont Bldg.,  and  A4  Dolly  Madison  Apts., 
Greensboro,  N.  C. 

ADAMS,  Eugene  E.  (A  1938)  Sales  Engr.  (for 
mail)  Garden  City  Fan  Co.,  Room  1508A,  55 
West  42nd  St.,  New  York,  and  35-46  79th  St., 
Jackson  Heights,  L.  L,  N,  Y. 

ADAMS,  Frank  L,  (M  1939)  Htg.  &  Air  Cond. 
Engr.  (for  mail)  Public  Service  Co.  of  Colorado, 
900-15th  St.,  and  1185  Grape  St.,  Denver,  Colo. 

ADAMS,  Harold  E.  (M  1930)  Chief  Engr,  (for 
mail)  The  Nash  Engineering  Co.,  South  Norwalk, 
and  Merrill  Heights,  Norwalk,  Conn. 


ADAMS,  Nell  D.  (M  1929;  A  1925;  J  1922) 
(Council,  1938-40)  Supt.  (for  mail)  Franklin 
Heating  Station,  220  Second  Ave.  S.W.,  and 
836  Eighth  Ave.  S.W.,  Rochester,  Minn. 

ADDAMS,  Homer  (Charter  Member;  Life  Member) 
(Presidential  Member}  (Pres.,  1924:  1st  Vice- 
Pres.,  1923:  Treas.,  1915-22;  Council,  1915-25) 
Pres.,  Fitzgibbons  Boiler  Co,,  Inc.,  and  Kewanee 
Boiler  Co.,  Inc.,  101  Park  Ave.,  New  York,  N.  Y. 

ADDINGTON,  Herbert  B.  (M  1938)  Consulting 
Engr.  (for  mail)  13  East  37th  St.,  New  York,  and 
25  Lafayette  Ave.,  Brooklyn,  N.  Y, 

ADDINGTON,  H.  M.  (M  1939)  Assoc.  Engr.,  War 
Dept,,  Furniture  Warehouse,  Ft.  Myer,  Va.,  and 
(for  mail)  2025  Eye  St.,  N.W.,  Washington,  D.  C, 

ADEMA,  George  E.  (M  1939)  Prop,  (for  mail) 
N,  M.  Adema  &,Son,  39  W.  Balcom  St.,  and  260 
Warren  Rd.,  Buffalo,  N,  Y. 

ADLAM,  T.  Napier  (M  1932)  Vice-Pres.  and  Gen, 
Mgr.,  Sarco  Manufacturing  Co.,  183  Madison 
Ave.,  New  York,  N.  Y,,  and  (for  mail)  64 
Wellington  Ave.,  West  Orange,  N.  J. 

ADLER,  Herman  (J  1940;  5  1938)  Purchasing 
Agent,  Armo  Cooling  &  Ventilating  Co.,  Inc.,  30 
West  15th  St.,  and  (for  mail)  485  Central  Park 
West,  New  York,  N.  Y. 

AEBERLY,  John  J.*  (M  1928)  (Council,  1937- 
39)  Chief  of  Div.  of  Htg,,  Vtg.  and  Ind.  Sani- 
tation, Chicago  Board  of  Health,  707  City  Hall, 
and  (for  mail)  6225  N.  Newcastle  Ave.,  Norwood 
Park  P,  0.,  Chicago,  111. 

AHEARN,  William  J.  (M  1929)  Htg.  and  Vtg. 
Engr,,  131  Windermere  Rd.r  Auburndale,  Mass. 

AHLFF,  Albert  A.  (M  1923;  A  1918)  Sales  Supvr., 
Tuttle  &  Bailey,  Inc.,  1600  Arch  St.,  and  (for 
mail)  1421  Grey  wall  Lane,  Qverbrook  Hills, 
Philadelphia,  Pa. 

AHRENS,  Clarence  F.  (A  1940)  Sales  Engr.,  R.  A, 
Dubuciue  Supply  Co.,  3960  Duncan  Ave.,  and 
(for  mail)  4151  Tocnges  Ave.,  St.  Louis,  Mo. 
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AINSWORTH,  Samuel  E.  (A  1939)  Sales  Engr., 
Roche  Newton  &  Co.,  1316  Texas  Ave.,  and  (for 
mail)  1524  25th  St.,  Lubbock,  Tex. 

AKERMAN,  Joseph  Reid  (A  1941;  J  1937)  Engr. 
(for  mail)  Phoenix  Oil  Co.,  700  Twiggs  St.,  and 
83 1-1 5th  St.,  Augusta,  Ga. 

AKERS,  Arthur  W.  (A  1940)  Dir.  (for  mail) 
Technicians  Institute,  244  West  14th  St.,  New 
York,  N.  Y. 

AKERS,  George  W.  (M  1929)  Secy.-Treas., 
George  W.  Akers  Co.,  16525  Woodward  Ave., 
Detroit,  and  (for  mail)  R.  F.  D.  No.  3,  Birming- 
ham, Mich. 

ALBEN,  Edward  A.  (A  1939)  Htg.  Contractor 
(for  mail)  Alben  Equipment  Co.,  114  E.  Tenth 
St.,  and  R-4,  Box  282C,  Vancouver,  Wash. 

ALBRIGHT,  C.  Barton  (/  1938)  Air  Cond.  Engr., 
69  Lane  Ave.,  Caldwell,  N.  J. 

ALEXANDER,  Samuel  W.  (M  1935)  Pres.,  S.  W. 
Alexander  Co.,  Ltd.,  2494  Danforth  Ave.,  and 
(for  mail)  124  Kingsmount  Park  Rd.,  Toronto, 
Ont.,  Canada. 

ALFAGEME,  Braulio  (M  1935)  Engr.  &  Mgr.,  B. 
Alfageme,  Almagro  1,  Madrid,  Spain. 

ALFERY,  Henry  F.  (M  1938)  Chief  Engr.  (for 
mail)  Milwaukee  Gas  Specialty  Co.,  2025  W. 
Clybourn  St.,  and  1819  W.  Center  St.,  Milwau- 
kee, Wis. 

ALFSEN,  Nikolai  (M  1933)  Engr.,  Alfsen  & 
Gunderson,  Prinsensgate  2b,  Oslo,  and  (for  mail) 
Utsiktsveien  22,  Stabekk,  Norway. 

ALGREN,  Axel  B.*  (M  1930)  Asst.  Prof,  Mech. 
Engrg.,  Asst.  Dir.  Engrg.  Experiment  Station, 
University  of  Minnesota,  and  (for  mail)  5109-17th 
Ave.,  S.,  Minneapolis,  Minn. 

ALLAN,  William  (A  1938)  Pres.-Treas.  (for  mail) 
Allan  Engineering  Co.,  724  E.  Mason  St.,  and 
2735  N.  Farwell  Ave.,  Milwaukee,  Wis. 

ALLCUT,  Edgar  A.*  (M  1937)  Prof.,  Mech.  Engrg. 
(for  mail)  University  of  Toronto,  and  48  Foxbar 
Rd.,  Toronto,  Ont.,  Canada. 

ALLEN,  A.  Walter  (M  1936)  Sales  Engr.,  Pease 
Foundry  Co.,  Ltd.,  151  Glen  Ave.,  Ottawa,  Ont., 
Canada. 

ALLEN,  DeWitt  M.  (M  1936;  J  1922)  Dist.  Mgr. 
Ilg  Electric  Ventilating  Co.,  310  Board  of  Trade 
Bldg.,  Kansas  City,  Mo.,  and  (for  mail)  3924 
Cambridge,  Kansas  City,  Kan. 

ALLEN,  William  W.  (A  1936)  Pres.,  American 
Coolair  Corp.,  Box  2300,  Jacksonville,  Fla. 

ALLENSWORTH,  James  E.  (S  1939)  Student, 
Carnegie  Institute  of  Technology,  Box  290, 
Pittsburgh,  Pa.,  and  (for  mail)  Amsterdam,  O. 

ALLONIER,  Howard  R.  (A  1936)  Dist.  Sales 
Mgr.,  John  J.  Nesbitt  Co.,  425  W.  Town  St., 
Columbus,  and  (for  mail)  R.  R.  No.  1,  Powell,  O. 

ALLSOP,  Rowland  P.  (A  1940;  J  1934)  Consult- 
ing Engr.  (for  mail)  1221  Bay  St.,  and  168 
Courcellette  Ave.,  Toronto,  Ont.,  Canada. 

ALT,  Harold  L.*  (M  1913)  Mech.  Engr.,  Voorhees, 
Walker,  Foley  &  Smith,  101  Park  Ave.,  New 
York,  and  (for  mail)  115-27  225th  St.,  St.  Albans, 

ALTEMUELLER,  George  F.  (4  1940)  Chief 
Engr.  (for  mail)  Homeland  Investment  Co.,  Ill 
Corcoran  St.,  and  2601  Highland  Ave.,  Durham, 

AMBROSE,  Eugene  R.  (M  1940)  Air  Cond.  Engr. 

(for  mail)  American  Gas  &  Electric  Service  Corn 

30  Church  St.,  New  York,  and  49  Sherman  St ' 

Brooklyn,  N.  Y. 
AMMERMAN,  Andrew  S.,  Jr.  (A  1941;  J  1937) 

Engr.  (for  mail)  Aerofin  Corp.,  Room  544,  111  W. 

Washington  St.,  and  4332  N.  Hermitage  Ave 

Chicago,  111. 
AMMERMAN,  Charles  R.  (M  1916)  Consulting 

Engr.  (for  mail)  772  Century  Bldg.,  and  3908 

Guilford  Ave.,  Indianapolis,  Ind. 
ANDEREGG,  R.  H.  (M  1920)  Vice-Pres.  &  Chief 

Engr.,  The  Trane  Co.,  and  (for  mail)  420  N. 

Losey  Blvd.,  LaCrosse,  Wis. 


ANDERSON,  Carroll  S.  (M  1920)  Mgr.  (for  mail) 
American  Blower  Corp.,  1105  Architects  Bldg., 
816  W.  Fifth  St.,  Los  Angeles,  and  4267  Holly 
Knoll  Dr.,  Hollywood,  Calif. 

ANDERSON,  David  B.  (A  1939;  J  1936;  5  1933) 
Mgr.,  Sales  Engrg.  Dept.  (for  mail)  Wood 
Conversion  Co.,  1981  First  National  Bank  Bldg,, 
and  1999  Pinehurst  Ave.,  St.  Paul,  Minn. 

ANDERSON,  Edwin  J.  (A  1939)  Mfrs.  Agent  (for 
mail)  14  Smith  St.,  and  274  Lenox,  Detroit,  Mich. 

ANDERSON,  Einar  (A  1940)  Sales  Engr.,  Vulcan 
Iron  Works,  Ltd.,  and  (for  mail)  152  Bannerman 
Ave.,  Winnipeg,  Man.,  Canada. 

ANDERSON,  George  A.  M.  (A  1939;  J  1936) 
Pres.  (for  mail)  King  Ventilating  Co.,  and  717  S. 
Cedar,  Owatonna,  Minn. 

ANDERSON,  John  W.  (J  1937)  Engrg.  Dept., 
The  Conditioning  Co.,  368  Broad  St.,  Newark, 
and  (for  mail)  548  Westminster  Ave.,  Elizabeth, 

ANGERMEYER,  Albert  H.  (A  1936)  Owner  (for 
mail)  A.  H.  Angermeyer  Plumbing  &  Heating, 
119  N.  Commercial  St.,  and  245  Webster  St., 
Neenah,  Wis, 

ANGUS,  Frank  M.  (M  1937)  Dist.  Sales  Mgr., 
General  Refrigeration  Corp.,  Beloit,  Wis,,  and 
(for  mail)  4936  Booth  Ave.,  Kansas  City,  Kan. 

ANGUS,  Harry  H.*  (M  1918)  (Council,  1927-29) 
Consulting  Engr.,  1221  Bay  St.,  and  (for  mail) 
34  Farnham  Ave.,  Toronto,  Ont,,  Canada. 

ANOFF,  Seymour  M,  (J  1940)  Asst.  Gen.  Mgr. 
in  charge  of  Prod,,  Albert  Pick  Co.,  Inc.,  2159 
Pershing  Rd.,  and  (for  mail)  40  N.  Central  Ave., 
Chicago,  111. 

ANSPACHER,  Thomas  H.  (M  1939;  J 1936)  Dist. 
Mgr.  (for  mail)  Buffalo  Forge  Co.,  702  Tower- 
Petroleum  Bldg.,  and  4512  Arcady,  Dallas,  Tex. 

ANTHES,  Lawrence  L.  (A  1035)  Pres.  (for  mail) 
Imperial  Iron  Corp.,  Ltd.,  30  Jefferson  Ave.,  and 
117  Dowling  Ave.,  Toronto,  Ont.,  Canada. 

APT,  Sanford  R.  (M  1935)  Chief  Mech.  Engr., 
Caribbean  Architect-Engineer,  41  East  42nd  St.. 
New  York,  and  (for  mail),  30-20  168th  St., 
Flushing,  L.  L,  N.  Y. 

ARCHAMBAULT,  Joseph  A,  (A  1939)  Sales 
Office  Mgr.  (for  mail)  C,  A.  Dunham  Co.,  Ltd., 
22  Wellington  St.,  N.,  and  55A  Council  St., 
Sherbrooke,  Que.,  Canada. 

ARCHER,  David  M.  (M  1034)  Sales  Repr,  (for 
mail)  Young  Radiator  Co,,  143  Federal  St., 
Boston,  and  10  Harding  Ave.,  Braintree,  Mass. 

ARENBERG,  Milton  K.  (A  1920)  Pres.  (for  mail) 
Robert  Barclay,  Inc.,  122  N.  Peoria  St.,  Chicago, 
and  Wildwood  Lane,  Highland  Park,  111. 

ARGUE,  Edgar  J.  (A  1935)  Sales  Engr.,  Anthes 
Foundry,  Ltd.,  Saskatchewan  Ave.,  and  (for 
mail)  858  Fleet  Ave.,  Winnipeg,  Man.,  Canada. 

ARKLEY,  Lome  M.  (M  1922)  Head  of  Dept,, 
Mech.  Engrg.  (for  mail)  Queen's  University,  and 
22  Kensington  Ave.,  Kingston,  Ont.,  Canada. 

ARMBRUSTER,  Frank  T.  W.  (M  1936)  Sales 
Engr.,  American  Radiator  &  Standard  Sanitary 
Corp.,  503  S.  Front  St.,  Columbus,  and  (for  mail) 
105  First  Ave.,  Waverly,  0. 

ARMISTEAD,  William  C.  (M  1937)  Sales  Enffr 
(for  mail)  205  Church  St.,  and  Murfreesboro 
Rd.,  Nashville,  Tenn. 

ARMOUR,  Edson  G.  (J  1940;  5  1939)  Sales  Engr. 
(for  mail)  Armour's,  156  Market  St.,  and  55- A 
Sheridan  St.,  Brantford,  Ont.,  Canada. 

ARMSPACH,  Otto  W.*  (M  1919)  Vice-Pres.  and 
Chief  Engr,,  Kroeschell  Engineering  Co.,  215 
W.  Ontario  St.,  Chicago,  and  (for  mail)  205  S. 
Summit  Ave.,  Villa  Park,  111. 
ARMSTRONG,  Charles  E.  (M  1939)  Chief  Engr. 
(for  mail)  Armstrong  Heat  Control  Co.,  1626 
N.  E.  Union  Ave.,  and  1307  N.  E.  llth  Ave., 
Portland,  Ore. 

ARMSTRONG,  Edward  T.  (/  1941;  S  1939) 
Instructor,  Mech.  Engrg.  Dept.  (for  mail) 
Clarkson  College  of  Technology,  and  22  Main 
St.,  Potsdam,  N.  Y. 
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ARMSTRONG,  Walter  J.  (M  1938)  Consulting 
Engr.  (for  mail)  1010  St.  Catherine  St.,  West, 
Montreal,  and  15  Willow  Ave.,  Westmount,  Que., 
Canada. 

ARNDT,  Heinrich  W.  (A  1935)  2034  Wrightson 
Rd.,  Augusta,  Ga. 

ARNOLD,  Robert  S.  (A  1926;  J  1922)  Owner, 
Robt.  Arnold  Sales  &  Engineering  Co.,  409  Otis 
Bldg.,  and  (for  mail)  6391  Sherwood  Rd., 
Philadelphia,  Pa. 

ARONSON,  Henry  H.  (A  1939;  J  1929)  Field 
Engr,,  Premier  Furnace  Co.,  Dowagiac,  Mich., 
and  (for  mail)  6145  Winthrop  Ave.,  Chicago,  111, 

ARROWSMITH,  John  O.  (M  1934)  Plant  Engr, 
(for  mail)  Canadian  Kodak  Co.,  Ltd.,  Toronto  9, 
and  9  Humberview  Rd,,  Toronto,  Ont.,  Canada. 

ARTHUR,  John  M.,  Jr.  (M  1923)  Commercial 
Sales  Mgr.  (for  mail)  Kansas  City  Power  & 
Light  Co.,  1330  Baltimore  Ave,,  Kansas  City, 
Mo.,  and  3311  State  Ave.,  Kansas  City,  Kan. 

ASH,  Robert  S.  (J  1940)  Htg,  Engr.  (for  mail) 
James  B.  Clow  &  Sons,  201  N.  Talman  Ave., 
Chicago,  and  848  Washington  Blvd.,  Oak  Park,  111. 

ASHLEY,  Carlyle  M.*  (M  1931)  Dir.  of  Develop- 
ment (for  mail)  Carrier  Corp.,  S.  Geddes  St.,  and 
207  Brattle  Rd,,  Syracuse,  N.  Y. 

ASHLEY,  Edward  E.  (M  1912)  Partner  (for  mail) 
Edward  E.  Ashley,  Consulting  Engr,,  10  East 
40th  St.,  New  York,  N.  Y.,  and  Noroton  Heights, 
Conn. 

ATHERTON,  Alfred  E.  (A  1937)  Dir.  (for  mail) 
A.  E,  Atherton  &  Sons  Pty.,  Ltd.,  383  Latrobe 
St.,  Melbourne,  C.  1,  and  39  Ormond  Esplanade, 
Elwood,  S.  3,  Melbourne,  Australia. 

ATHERTON,  George  R.  (M  1930)  Exec.  Dept., 
The  Trane  Co.,  and  (for  mail)  323  South  17th 
St.,  LaCrosse,  Wis. 

AUER,  George  G.  (A  1939)  Pres.  (for  mail)  Auer 
Register  Co.,  3608  Payne  Ave,,  Cleveland,  and 
1021  Homewood  Drive,  Lakewood,  O. 

AUSTIN,  William  H.  (J  1940;  S  1937)  Tenderay 
Engr.,  Westinghouse  Lamp  Div.,  and  (for  mail) 
32  Fremont  St.,  Bloomfield,  N.  J. 

A  VERY,  Lodyard  (A  1939)  Engr.,  Carrier  Corp., 
and  (for  mail)  594  Roberts  Ave.,  Syracuse,  N.  Y. 

AVERY,  Lester  T,  (M  1934)  Pres.  (for  mail) 
Avery  Engineering  Co.,  1906  Euclid  Ave., 
Cleveland,  0. 

AXEMAN,  James  E.  (M  1932;  A  1931;  J  1925) 
Gen.  Sales  Mgr.  (for  mail)  Spencer  Heater  Div. 
and  N.  Campbell  St.,  Williamsport,  Pa. 

AY,  Edward  L.  (J  1940)  Asst.  Air  Cond.  Engr., 
Annex  Library  Congress,  Second  &  Pennsylvania 
Ave.  S,  E,,  and  (for  mail)  2008  Shepherd  St. 
N.  E.,  Washington,  D.  C. 

B 

BABER,  John  E.  (A  1940)  Sales  Engr.  (for  mail) 
T.  C.  Hey  ward,  1408  Independence  Bldg.,  and 
1240  Romany  Rd.,  Charlotte,  N.  C, 

BACHMAN,  Fred  (M  1936)  Owner  (for  mail) 
Fred  Baehman,  1608  N.  Carlisle  St.,  Philadelphia, 
and  906  Bell  Ave.,  Yeadon,  Pa, 

BACHMANN,  Arthur  J.  (J  1940;  S  1939) 
Preferred  Utilities  Co.,  Inc..  5  Irma  Ave.,  Port 
Washington,  and  (for  mail)  139-15  86th  Rd., 
Jamaica,  L.  L,  N,  Y. 

BAGHOFER,  Henry  A.,  Jr.  (J  1938)  Mgr.,  Htg. 
and  Air  Cond.  Dept.,  Mid-West  Plumbing  & 
Heating  Co.,  Ill  S.  Fifth  St.,  and  (for  mail)  534 
S.  Eighth  St.,  Salina,  Kan. 

BAGKSTROM,  RueseU  E.*  (A  1931;  J  1928) 
Mgr.,  Ind.  Sales  Dept.  (for  mail)  Wood  Con- 
version Co.,  First  National  Bank  Bldg.,  and  1655 
Hillcreat  Ave.,  St,  Paul,  Minn. 

BACKUS,  Theodore  H,  L.  (M  1916)  Schumacher 
&  Backus,  200-208  Hill  St.,  and  (for  mail)  1018 
Vaughn  St.,  Ann  Arbor,  Mich. 

BADGETT,  W.  Howard*  (M  1937;  J  1932)  Capt., 
Infantry,  U.  S.  Army,  Hdq.,  Houston  Military 
District,  324  Post  Office  Bldg.,  Houston,  Tex. 


BADHE,  Jaikrishna  M.  (A  1940)  Asst.  Engr.  (for 
mail)  Volkart  Bros.,  Ballard  Estate,  Bombay, 
and  Flat  No.  11,  "Palm  View,"  Gokhale  Rd., 
Dadar,  Bombay,  India. 

BAGGALEY,  Walter  (U  1938)  Dist.  Mech.  Elec. 
Engr.  (for  mail)  Austin  Co.,  16112  Euclid  Ave., 
Cleveland,  and  3390  Glencairn  Rd.,  Shaker 
Heights,  O. 

BAHLMANN,  William  F.  (A  1940)  Br.  Mgr.  (for 
mail)  Holland  Furnace  Co.,  700  W.  Broad  St., 
and  Stratford  Hills,  Richmond,  Va. 

BAHNSON,  Frederic  F.*  (M  1917)  Consulting 
Engr.,  The  Bahnson  Co.,  1001  S.  Marshall  St., 
Pres.,  Southern  Steel  Stampings  Inc.,,  Cherry 
St.  at  Brookstown  Ave.,  and  for  mail  28  Cascade 
Ave.,  Winston-Salem,  N.  C. 

BAILEY,  Albert  E.,  Jr.  (A  1938)  Sales  Engr., 
Frigidaire  Div.,  General  Motors  Sales  Corp.,  29 
Franklin  Rd.,  and  (fbr  mail)  1624  Patterson  Ave. 
S.  W.,  Roanoke,  Va. 

BAILEY,  Charles  F.  (J  1939)  Virginia  Engineering 
Co.,  N.  O,  B.,  Norfolk,  and  (for  mail)  Windsor, 
Va. 

BAILEY,  Edward  P.  (M  1925)  Sales  Engr., 
Detroit  Stoker  Co.,  5-125  General  Motors  Bldg., 
Detroit,  and  (for  mail)  151  Crocker  Blvd.,  Mt. 
Clemens,  Mich. 

BAILEY,  F.  A.,  Jr.  (A  1939)  Prop.,  Bailey's, 
130  King  St.,  Charleston,  S.  C. 

BAILEY,  James  Luther  (A  1940:  J  1930)  Asst. 
Chief  Engr.,  Parks-Cramer  Co.,  Charlotte,  N.  C. 

BAILEY,  W.  Mumford  (M  1930)  Managing  Dir,, 
British  Trane  Co.,  Ltd.,  Vectair  House,  Clerken- 
well  Close,  London,  E.  C.  1,  England. 

BAIRD,  Floyd  E.  (M  1929)  So.  Dist.  Mgr.  (for 
mail)  The  Trane  Co.,  314  Palmer  Bldg.,  Atlanta, 
and  400  Campbell  Hill,  Marietta,  Ga. 

BAKER,  C.  T.*  (M  1935)  Consulting  Engr.  (for 
mail)  1070  Spring  St.  N.  W.,  and  31  The  Prado, 
Atlanta,  Ga. 

BAKER,  Donald  L.  (A  1940)  Office  Mgr.  (for 
mail)  Messrs.  Martin  &  Co.,  New  Delhi,  India, 
and  4  Canning  Rd.,  New  Delhi,  India,  and  1931 
Chapel  St,,  New  Haven,  Conn. 

BAKER,  George  R.  (M  1936)  Pres.  (for  mail) 
G.  R.  Baker  Co.,  Ltd.,  224  Adelaide  St.,  W.,  and 
37  Lappin  Ave.,  Toronto,  Ont,,  Canada. 

BAKER,  Harold  S.  (A  1937)  Sales  Engr.  (for 
mail)  Bakersfield  Hardware  Co.,  2015  Chester 
Ave.,  and  241  Jefferson  St.,  Bakersfield,  Calif. 

BAKER,  Harry  L.,  Jr.  (J  1935)  Sales  Engr.  (for 
mail),  American  Blower  Corp.,  135  Spring  St., 
Rochester,  and  Van  Tassel  Apts,,  N.  Tarry- 
town,  N.  Y. 

BAKER,  Irving  G.  (M  1921)  Vice-Pres.  in  Charge 
of  Sales  (for  mail)  Chrysler  Corp.,  Airtemp  Div., 
1119  Leo  St.,  and  Box  386,  Route  7,  Dayton,  O. 

BAKER,  Roland  H.  (M  1928;  A  1924)  Lt,  Com- 
mander, U.  S.  Naval  Reserve,  U.  S,  Navy  Yard, 
and  (for  mail)  74  Revere  St.,  Boston,  Mass. 

BAKER,  Thomas  (M  1938)  416  Clifton  Terrace  S,, 
14th  and  Clifton  St.  N.  W.,  Washington,  D.  C. 

BAKER,  William  C.  (M  1938)  Pres.  and  Treas. 
(for  mail)  Electric  Appliances,  Inc.,  155  Seventh 
Ave.,  N.,  and  Westover  Drive,  Nashville,  Tenn. 

BAKER,  William  H.,  Jr.  (A  1935)  Gen.  Mgr.  (for 
mail)  Standard  Air  Conditioning,  Inc.,  50  West 
40th  St.,  and  307  East  44th  St.,  New  York,  N.  Y. 

BALDI,  Giuseppe  (A  1936)  Engr.  (for  mail) 
Compagnia  Italiana  Westinghouse,  Via  Pier 
Carlo  Boggio  20,  Torino,  Italy, 

BALDWIN,  Karl  F.,  Jr.  (A  1941;  J  1938)  Engr., 
McCrea  Equipment  Co.,  516  Second  St.  N.  W-., 
Washington,  D.  C.,  and  (for  mail)  4810  Cedar  St,, 
Hyattaville,  Md. 

BALDWIN,  William  H.  (M  1921)  Sales  Engr. 
(for  mail)  C.  A.  Dunham  Co.,  6757  Cass  Ave., 
and  2432  Atkinson  Ave.,  Detroit,  Mich. 

BALL,  Frederick  T.  (A  1940)  Mgr.,  Stoker 
Refrigeration  Depta.,  Canadian  Fairbanks  Morse 
Co,,  Ltd.,  324  Main  St.,  and  (for  mail)  374 
Brock  St,,  Winnipeg,  Man,,  Canada. 
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BALL,  William  (A  1936)  Pres.  (for  mail)  Inter- 
State  Heating  &  Plumbing  Co.,  521  Southwest 
Blvd.,  Kansas  City,  Mo.,  and  1026  Shawnee  Rd., 
Kansas  City,  Kan. 

BALLANTYNE,  George  L.  (A  1936)  Mgr.,  Htg. 
Section  (for  mail)  Crane,  Ltd.,  1170  Beaver  Hall 
SQ.,  Montreal,  and  140  Ballantyne  Ave.,  S., 
Montreal,  W.,  Que.,  Canada. 

BALLMAN,  William  H.  (M  1937)  Mgr.  &  Chief 
Engr.,  Air  Cond.  Div.,  Westinghouse  Electric  & 
Manufacturing  Co.,  1419  N.  Broad  St.,  Phila- 
delphia, Pa. 

BALSAM,  Charles  P.  (M  1932)  Owner,  National 
Home  Equipment  Co.,  11  West  42nd  St.,  New 
York,  and  (for  mail)  324  Fourth  St.,  Brooklyn, 

BANACH,  C.  J.  (J  1939)  Chief  Draftsman,  John- 
son Fan  &  Blower  Corp.,  1319  W.  Lake  St.,  and 
(for  mail)  1427  N.  Leavitt  St.,  Chicago,  111. 

BANKS,  John  B.  (A  1937)  Br.  Mgr.  (for  mail) 
Minneapolis-Honeywell  Regulator  Co.,  2405  N. 
Maryland  Ave.,  and  2928  N.  Maryland  Ave., 
Milwaukee,  Wis. 

BANNER,  F.  L.  Dan  (M  1937)  Dist.  Mgr.  (for 
mail)  Minneapolis-Honeywell  Regulator  Co., 
3101  Gilham  Plaza,  and  615  East  73rd  Terrace, 
Kansas  City,  Mo. 

BANOWSKY,  Aubra  B.  (M  1938)  Commercial 
Sales  Mgr.,  United  Gas  Corp.,  United  Gas  Bldg., 
and  (for  mail)  3735  Ingold,  Houston,  Tex. 

BANTA,  Guy  L.  (A  1939)  Br.  Mgr.  (for  mail)  The 
Trane  Co.,  310  Postal  Bldg.,  and  Chasselton 
Apts.,  Northeast  28th  St.,  Portland,  Ore. 

BARBIERI,  Patrick  J.  (J  1936;  5  1933)  Air  Cond. 
Engr.,  Armo  Cooling  &  Ventilating  Co.,  30  West 
15th  St.,  and  (for  mail)  2237  Belmont  Ave., 
New  York,  N.  Y. 

BARNARD,  M.  Everett  (A  1931;  J  1929)  Sales 
Engr.  (for  mail)  Carrier  Corp.,  12  South  12th  St., 
and  380  Vernon  Rd.,  Philadelphia,  Pa, 

BARNES,  Arthur  F.  (M  1920)  Owner  (for  mail) 
Texas  Engineering  Co.,  726  Electric  Bldg.,  and 
3015  Jarrard  St.,  Houston,  Tex. 

BARNES,  Arthur  R.  (M  1924)  Chief  Engr.  (for 
mail)  U.  S.  Supply  Co.,  1315  West  12th  St.,  and 
326  East  70th  Terrace,  Kansas  City,  Mo. 

BARNES,  Hugh  S.  (J  1940)  Sales  Engr.  (for  mail) 
American  Blower  Corp.,  1211  Commercial  Bank 
Bldg.,  and  2152  Sherwood  Ave.,  Charlotte,  N.  C. 

BARNES,  Lewis  L.  (J  1937)  Air  Cond.  Engr., 
Carrier  Atlanta  Corp.,  348  Peachtree  St.,  and 
(for  mail)  3995  N.  Stratford  Rd.,  Atlanta,  Ga. 

BARNES,  N.  W.  (A  1940)  Sales  Repr.  (for  mail) 
The  Fulton  Sylphon  Co.,  568  Wrigley  Bldg.,  and 
505  N.  Michigan  Ave.,  Chicago,  111. 

BARNES,  R.  W.  (M  1939)  Htg.  &  Air  Cond. 
Contractor,  1208  Main  Ave.,  San  Antonio,  Tex. 

BARNES,  Walter  E.  (M  1933)  Pres.,  Barnes  & 
Jones,  Inc.,  128  Brookside  Ave..  Jamaica  Plain, 
Boston,  and  (for  mail)  7  Woodlawn  Ave.,Wellesley 
Hills,  Mass. 

BARNES,  Willis  L.  (/  1940)  Sales  Engr.  (for  mail) 
The  H.  L.  Thompson  Co.,  2207  Second  National 
Bank  Bldg.,  and  1111  Richmond  Rd.,  Apt.  No.  8, 
Houston,  Tex. 

BARNEY,  William  E.  (M  1936)  Consulting  Engr. 
&  Mgr.  (for  mail)  Hydraulic- Press  Brick  Co., 
Ohio  &  Michigan  Div.,  South  Park,  and  4929 
East  108th  St.,  Cleveland,  0. 

BARNSLEY,  Frank  Richard  (A  1936)  Mgr.,  Air 
Cond.  Div.  (for  mail)  Canadian  General  Electric 
Co.,  Ltd.,  1000  Beaver  Hall  Hill,  and  4418 
Oxford  Ave.,  Montreal,  Que.,  Canada. 

BARNUM,  Marvin  C.  (M  1930;  A  1928)  Eastern 
Repr.  (for  mail)  Waterman-  Waterbury  Co.,  P.  O. 
Box  284,  Suffern,  and  Cherry  Lane,  Tallman, 

BARNUM,  Willis  E.,  Jr.  (M  1933;  J  1930)  Mgr., 
Air  Cond.  Div.,  York  Ice  Machinery  Corp., 
and  (for  mail)  154  Rathton  Rd.,  York,  Pa. 

BARR,  George  W.  (Life  Member;  M  1905)  (Board 
of  Governors,  1910)  Dist.  Mgr.,  Aerofin  Corp., 
•2030  Land  Title  Bldg.,  Philadelphia,  and  (for 
mail)  Woods  End,  Villa  Nova,  Pa. 


BARRY,  Patrick  I.  {M  1920)  (Peace  Commis- 
sioner) Managing  Director  (for  mail)  M.  Barry, 
Ltd.,  4  Marlboro  St.,  and  8  Sidney  Park,  Cork, 
Ireland. 

BARTELS,  Everett  M.  (A  1941 ;  J  1939)  Supvr.  of 
Mech.  Equip,  (for  mail)  Independent  School 
Dist.  629  Third  St.,  and  824  E.  Sheridan  St., 
Des  Moines,  la. 

EARTH,  Herbert  E.  (M  1920)  Vice-Pres.  (for 
mail)  American  Blower  Corp.,  6000  Russell  St., 
and  Wardcll  Apts.,  15  E.  Kirby,  Detroit,  Mich. 

EARTH,  John  W.  (/  1939)  (for  mail)  P.  O.  Box 
169,  and  410  N.  E.  Fifth  St.,  Ft.  Lauderdale,  Fla. 

BARTLETT,  Amos  C.  (M  1919)  Mgr,,  Htg.  and 
Vtg.  Dept.  (for  mail)  B.  F.  Sturtevant  Co., 
Hyde  Park,  Boston,  and  30  Hollingsworth  Ave., 
Braintree,  Mass. 

BARTLETT,  C.  Edwin  (M  1922)  Prea.  (for  mail) 
Bartlett  &  Co.,  Inc.,  3112  North  17th  St.,  and 
3111  W.  Coulter  St.,  Philadelphia,  Pa. 

BARTLEY,  Henry  E.  (M  1938)  Dir.  and  Works 
Mgr.,  Matthews  &  Yates,  Ltd.,  "Cyclone  Works," 
Swinton,  and  (for  mail)  "The  Grange,"  Hospital 
Rd.,  Pendlebury,  Lanes.,  England. 

BARTON,  Edmund  H.  (A  1939)  Mgr.  Htg.  Dept. 
(for  mail)  Moosomin  Hardware,  and  Box  308, 
Moosomin,  Sask.,  Canada. 

BARTON,  Jay  (M  1937)  Pres.,  National  Manu- 
facturing &  Engineering  Co.,  416  Stephenson 
Bldg.,  Detroit,  Mich. 

BASSETT,  James  W.  (A  1938)  Sales  Engr.  (for 
mail)  McQuay,  Inc.,  2832  E.  Grand  Blvd., 
Detroit,  and  123  Merrill  St.,  Birmingham,  Mich. 

BASTEDO,  Albert  E.  (M  1919)  Vice-Prcs.  and 
Treas.,  Burnham  Boiler  Corp.,  Irvington,  N.  Y. 

BASTEDO,  George  R.  (/  1937)  Elec.  Engr.,  Board 
of  Transportation,  250  Hudson  St.,  New  York, 
and  (for  mail)  102-36  86th  Rd.,  Richmond  Hill, 
L.  I.,  N.  Y. 

BATES,  John  H.  (J  1941;  S  1939)  Service  Dept., 
731  A,  Sears  Roebuck  &  Co.,  925  S.  Homan  St., 
and  (for  mail)  3210  Arthington  St.,  Chicago,  111. 

BATTAN,  Stuart  W.  (M  1940)  Owner  (for  mail) 
S.  W.  Battan,  Avondale,  Pa.,  and  Kennett 
Square,  Pa. 

BAUER,  Albert  E.  (U  1935)  Chief  Engr.  (for 
mail)  Brown  Sheet  Iron  &  Steel  Co.,  964  Berry 
Ave.,  and  59  S.  Victoria  St.,  St.  Paul,  Minn. 

BAUM,  Albert  L.  (M  1916)  Member  of  Firm  (for 
mail)  Jaros,  Baurn  &  Bolles,  415  Lexington  Ave., 
and  600  West  lllth  St.,  New  York,  N.  Y. 

BAUMGARDNER,  Carroll  M.  (M  1928)  Br. 
Mgr.  (for  mail)  United  States  Radiator  Corp., 
3254  N.  Kllbourn  Ave,,  Chicago,  and  416 
Cumnor  Rd.,  Kenilworth,  111. 

BAXTER,  William  E.  (A  1939)  Pres.  (for  mail) 
W.  E.  Baxter,  Ltd.,  87  Vitre  St.  W.,  Montreal, 
and  89-51st  Ave.,  Lachine,  Que.,  Canada. 

BAY,  Charles  H.  (A  1938)  In  charge  of  Steam 
Sales  (for  mail)  The  Detroit  Edison  Co.,  2000 
Second  Ave.,  Rm.  322,  and  17323  Wildemere, 
Detroit,  Mich. 

BAYLES,  Robert  W.  (A  1940)  Mgr.  Htg.  Div., 
James  Morrison  Brass  Manufacturing  Co.,  Ltd., 
276  King  St.  W.,  and  (for  mail)  34  Gormley 
Ave.,  Toronto,  Ont.,  Canada. 

BAYSE,  Harry  V.  (M  1923)  Pres.  (for  mail) 
American  Furnace  Co.,  2719-31  Delmar  Blvd., 
and  6959  Hancock  Ave.,  St.  Louis,  Mo. 

BEACH,  Walter  R.  (A  1936)  Sales  Engr.  (for  mail) 
Cleveland  Electric  Illuminating  Co.,  75  Public 
Sq.,  Cleveland,  and  1185  Yellowstone  Rd., 
Cleveland  Heights,  0. 

EEAIRD,  Benjamin  J.  (M  1939)  Estimator  (for 
mail)  Chas.  G.  Heyne  &  Co.,  2002  Rothwell.  and 
1621  Kipling,  Houston,  Tex. 

SEALS,  DoweH  E.  (A  1941;  J  1940)  Chief  Plbg. 
Estimator  &  Engr.,  Brown  &  Root,  W.  S. 
Bellows,  Columbia  Construction  Co.,  Naval  Air 
Station,  and  (for  mail)  1205  Florida  Ave., 
Corpus  Christi,  Tex. 

BEAN,  George  S.  (A  1935)  Mgr.  Stoker  Div.  (for 
mail)  North  Western  Fuel  Co.,  2196  University 
Ave.,  St.  Paul,  and  4949-16th  Ave.  S.,  Minne- 
apolis, Minn. 
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BETLEM,  Henriette  T.  (J  1934)  (for  mail) 
Betlem  Heating  Co.,  1926  East  Ave.,  and  1293 
Park  Ave.,  Rochester,  N.  Y. 

BETTS,  Howard  M.  (M  1927)  Sr.  Htg.  Engr. 
(for  mail)  Dept.  of  Buildings,  City  of  Minneapolis, 
213  City  Hall,  and  4923  S.  Russell  Ave.,  Minnea- 
polis, Minn. 

BETZ,  Harry  D.  (M  1928)  Pres.  (for  mail)  Betz 
Air  Conditioning  Corp.,  1820  Wyandotte  St., 
and  1610  Valentine  Rd.,  Kansas  City,  Mo. 

BEVINGTON,  Curtis  H.  (M  1936)  Owner  (for 
mail)  C.  H.  Bevington  Co.,  600  S.  Michigan  Ave., 
Chicago,  and  310  S.  Stone  Ave.,  La  Grange,  111. 

BIBER,  Herbert  A.  (A  1937)  Engr.,  Mellon 
National  Bank,  514  Smithfield  St.,  Pittsburgh, 
and  (for  mail)  323  Barnes  St.,  Wilkinsburg,  Pa. 

BIBLE,  Hollis  U.  (M  1940)  Consulting  Engr.  (for 
mail)  6551  Main,  and  1609  Marshall,  Houston, 
Tex. 

BICHOWSKY,  F.  Russell*  (M  1935)  Pres., 
Bichowsky  &  Rice,  7356  Lake  St.,  River  Forest, 
111. 

BIERINGER,  Fred  A.  (A  1941;  J  1939)  Engr. 
(for  mail)  Baldwin-Hill  Co.,  Trenton,  N.  J.,  and 
1613  East  23rd  St.,  Brooklyn,  N.  Y. 

BIGELOW,  Edward  S.  (M  1938)  Eastern  Sales 
Mgr.,  Advance  Insulating  Co.,  Inc.,  Pittsburgh, 
and  (for  mail)  413  Jericho  Rd.,  Abington,  Pa. 

DIGGERS,  Richmond  H.  (A  1939)  Mfrs.  Agent 
(for  mail)  2217  E.  Jefferson  Ave.,  and  2237  E. 
Jefferson  Ave.,  Detroit,  Mich. 

BIGOLET.  Louis  (M  1939)  Louis  Bigolet,  40  New 
Chambers  St.,  New  York,  and  (for  mail)  1145 
Ocean  Pkwy.,  Brooklyn,  N.  Y. 

BILLINGSLEY,  Oliver  F.,  2nd  (/  1937)  Htg.  & 
Vtg.  Engr.,  Douglas  Aircraft  Co.,  3000  Ocean 
Park  Dr.,  Santa  Monica,  and  (for  mail)  P.  O. 
Box  1003,  Hollywood,  Calif. 

BINDER,  Charles  G.  (M  1920)  Mgr.  Htg.  Dept., 
Warren  Webster  &  Co.,  17th  &  Federal  St., 
Camden,  and  (for  mail)  115  Oak  Terrace, 
Merchantville,  1ST.  J. 

BIRD,  Charles  (A  1934)  Gen.  Mgr.,  The  Doer- 
mann  Roehrer  Co.,  450  E.  Pearl  St.,  Cincinnati, 
O. 

BIRD,  George  L.  H.  (A  1941;  J  1937)  12  Lawn 
Rd.,  London,  N.  W.  3,  England. 

BIRKETT,  Harold  S.  (M  1940)  Htg.  Engr., 
The  Brooklyn  Union  Gas  Co.,  176  Remsen  St., 
and  (for  mail)  815  East  19th  St.,  Brooklyn,  N.  Y. 

BISHOP,  Charles  R.  (Life  Member  \  M  1901)  22 
Sagamore  Rd.,  Bronxville,  N.  Y. 

BISHOP,  Frederick  R.  (M  1921)  Mgr.  of  Sales, 
The  Brundage  Co,,  Kalamazoo,  and  (for  mail) 
8011  Dexter  Blvd.,  Detroit,  Mich. 

BISHOP,  Jacob  A.  (M  1939)  Dist.  Mgr.  (for  mail) 
American.  Blower  Corp.,  619  Mercantile  Bldg., 
and  1115  N.  Windomere,  Dallas,  Tex. 

BISHOP,  Joseph  W.  (see  Special  Service  Roll, 
p.  73). 

BISHOP,  M.  W.  (A  1939:  J  1935)  Sales  Engr.  (for 
mail)  American  Blower  Corp.,  228  N.  LaSalle  St., 
and  2641  Estes  Ave.,  Chicago,  111. 

BISPALA,  John  T.  (A  1940)  Partner,  Mgr., 
Bispala  Brothers,  2328  First  Ave,,  Hibbing, 
Minn. 

BJERKEN,  Maurice  H.  (M  1938;  A  1927)  N.  W. 
Repr.  (for  mail)  Hoffman  Specialty  Co.,  533  S. 
Seventh  St.,  and  4952-17th  Ave.  S.,  Minne- 
apolis, Minn. 

BLACK,  Edgar  N.,  3rd  (M  1922)  Philadelphia 
Mgr.  (for  mail)  Fitzgibbons  Boiler  Co.,  Inc., 
Presser  Bldg.,  Philadelphia,  and  111  Woodside 
Rd.,  Haverford,  Montgomery  Co.,  Pa. 

BLACK,  Fred.  C.  (Life  Member;  M  1919)  Pres. 
(for  mail)  F.  C.  Black  Co.,  622  W.  Randolph  St., 
and  4535  N.  Ashland  Ave.,  Chicago,  111. 

BLACK,  Harry  G.  (M  1917)  Prop,  (for  mail) 
P.  Gormly  Co.,  155  N.  Tenth  St.,  and  927  N. 
65th  St.,  Philadelphia,  Pa. 

BLACK,  James  M.  (/  1940;  5  1939)  Sales  Engr., 
Avery  Engineering  Co.,  1029  Chamber  of  Com- 
merce, and  (for  mail)  L.  B,  Harrison  Club, 
Cincinnati,  O. 


BLACKBURN,  E.  C.,  Jr.  (M  1929)  Consulting 
Engr.,  5  Kenwood  Rd.,  Garden  City,  L.  I.,  N.  Y. 

BLACKBALL,  Wilmot  R.  (M  1922)  Partner 
(for  mail)  McKellar  &  Blackball,  1104  Bay  St., 
and  332  Waverley  Rd.,  Toronto,  Ont.,  Canada. 

BLACKMAN,  Alfred  O.  (M  1911)  Mech.  Engr. 
(for  mail)  Robert  &  Co.,  and  2223  Dellwood 
Ave.,  Jacksonville,  Fla. 

BLACKMORE,  F.  H.  (M  1923)  Mgr.  Mfg.  Dept. 
(for  mail)  U.  S.  Radiator  Corp.,  1056  Natl.  Bank 
Bldg.,  Detroit,  and  515  Tooting  Lane,  Birming- 
ham, Mich. 

BLACKMORE,  George  C.  (Charter  Member]  Life 
Member}  Pres.,  Automatic  Gas  Equipment  Co., 
301  Brushton  Ave.,  Pittsburgh,  Pa. 

BLACKMORE,  J.  J.*  (Charter  Member;  Life  Mem- 
ber} Retired,  32  West  40th  St.,  New  York,  N.  Y. 

BLACKMORE,  Joseph  J.  (A  1939;  J  1937)  Sales 
Engr.,  Mfrs.  Agency,  6327  Clayton  Ave.,  St. 
Louis,  and  (for  mail)  312  S.  Fillmore,  Ed  wards- 
vine,  111. 

BLACKSHAW,  J.  L.*  (M  1937;  J  1929)  Br.  Mgr., 
Air  and  Refrigeration  Corp..  268  McDonough 
Blvd.,  Atlanta,  and  (for  mail)  247  W.  Mercer 
Ave.,  College  Park,  Ga. 

BLAIR,  Donald  W.  (A  1940)  Steam  Service  Engr., 
Boston  Edison  Co.,  39  Boylston  St.,  Boston,  and 
(for  mail)  32  Summer  St.,  Saugus,  Mass. 

BLAKELEY,  Hugh  J,  (M  1935)  Consulting  Engr. 
(for  mail)  Hubbard  Rickerd  &  Blakeley,  110 
State  St.,  Boston,  and  145  Greaton  Rd.,  West 
Roxbury,  Mass. 

BLAKER,  Alfred  H.  (A  1930)  Secy.  &  Treas.  (for 
mail)  National  Korectalre  Co.,  1019  Cortland  St., 
and  6018  N.  Francisco  Ave.,  Chicago,  111. 

BLANDING,  Robert  L.  (M  1938)  Vice-Pros,  (for 
mail)  Taco  Heaters,  Inc.,  123  South  St.,  and 
1385  Smith  St.,  Providence,  R.  I. 

BLANKIN,  Merrill  F.  (M  1927;  A  1920;  /  1919) 
(Treas.,  1939-40;  Council,  1039-40)  Pres.  (for 
mail)  Haynes  Selling  Co.,  Inc.,  S.  E.  Cor.  Ridge 
Ave.  and  Spring  Garden  St.,  and  528  E.  Gates 
St,,  Roxboro,  Philadelphia,  Pa. 

BLAS,  Romualdo  J.  (M  1930)  Mgr.  &  Chief 
Engr.,  Bias  &  Co.,  Apartado  Postal  1006, 
Caracas,  Venezuela,  South  America. 

BLAYNEY,  W.  Ronald  (A  1939)  Secy.  &  Treas., 
W.  B.  Graves  Heating  Co.,  102  N.  Desplaines  St., 
and  (for  mail)  4327  Monticello  Ave.,  Chicago,  111. 

BLAZER,  Benjamin  V.  (A  1040)  Owner  (for 
mail)  M.  Blaxer  &  Son,  173  Market  St.,  Passaic, 
and  48-13th  Ave.,  Paterson,  N.  J, 

BLIZZARD,  Bruce  C,  (A  1930)  Asst.  M«r.  Fuel 
Oil  Dept.  (for  mail)  Imperial  Oil,  Ltd.,  56  Church 
St.,  and  1  Mallory  Gardens,  Toronto,  Ont.. 
Canada. 

BLOOM,  Louis  (M  1935)  Partner,  Freeport 
Plumbing  and  Heating  Engineers,  84-A  Broad- 
way, Freeport,  L.  I.,  N,  Y. 

BLUM,  Herman,  Jr.  (J  1930)  3050  Santa  Fe, 
Corpus  Christi,  Tex. 

BLUM,  Richard  J.,  Jr.  (A  1940)  Sales  Engr.  (for 
mail)  The  Kirk  &  Blum  Mfg.  Co..  2850  Spring 
Grove  Ave.,  and  3909  Vine  St.,  Cincinnati,  0. 

BLUMENTHAL,  M.  I.  (M  1936)  Engr.  &  Instruc- 
tor, Refrig.  &  Air  Cond.  Dept.  (for  mail)  National 
Schools,  4000  S.  Figueroa,  and  651  West  40th  PL, 
Loa  Angeles,  Calif. 

BOALES,  William  G.  (M  1936;  A  1923)  Owner 
(for  mail)  Wm.  G.  Boales  &  Associates,  6439 
Hamilton  Ave.,  Detroit,  and  263  McMillan  Rd., 
Grosse  Pointe  Farms,  Mich. 

BODEN,  Walter  F.  (A  1937)  Br.  Mgr.  (for  mail) 
Modine  Mfg.  Co.,  424  E.  Wells  St.,  Milwaukee, 
and  606  Milwaukee  Ave.,  South  Milwaukee,  Wis. 

BODINGER,  Jacob  H.  (M  1931)  Pres.  (for  mail) 
J.  H.  Bodinger  Co.,  Inc.,  530  Tenth  Ave.,  New 
York,  and  1902  Avenue  L,  Brooklyn,  N.  Y. » 

BODMER,  Emmanuel  (see  Special  Service  Roll, 
p.  73). 

BOESTER,  Carl  F.*  (M  1939;  A  1936)  Dir. 
Housing  Research,  Purdue  Research  Foundation, 
Purdue  University,  Lafayette,  Ind.,  and  (for 
mail)  101  E.  Essex,  Ktrkwood,  St.  Louis,  Mo. 


ROLL  OF  MEMBERSHIP 


BOGATY,  Hermann  S.  (M  1921)  735  E.  Phil- 

Ellena  St.,  Philadelphia,  Pa. 
BOLAND,  Roy  O.  (A  1938)  Mgr.,  Insulation  Div. 

(for  mail)  Alexander  Murray  &  Co.,  Ltd.,  4035 

Richelieu  St.,  Montreal,  and   348    Kensington 

Ave.,  Westmount,  Que.,  Canada. 
BOLTON,  Reginald  P.*  (Honorary  Member:  Life 

Member;  M  1897)  (Presidential  Member)   (Pres. 

1911;  1st  Vice-Pres.,  1905,  1910;  2nd  Vice-Pres. 

1903;  Board  of  Governors,  1901,  1905,  1910-13) 

The  R.  P.  Bolton  Co.,  116  East  19th  St.,  New 

York,  N.  Y. 
BOND,  Harry  H.   (M  1938)   Partner   (for  mail) 

Edward  E.  Ashley,  Cons.  Engr.,  10  East  40th 

St.,  New  York,  and  141-49  181st  St.,  Springfield, 

BOND,   Horace  A.   (M  1930)   Prof.  Engr.,  152 

Washington  Ave.,  and   (for  mail)   12  Ramsey 

PI.,  Albany,  N.  Y. 
BONTHRON,   Robert    C.    (A    1935)    Syndicate 

Repr.,  Air  Cond.  Dept.,  Westinghouse  Electric 

&  Manufacturing  Co.,  150  Broadway,  New  York, 

and  (for  mail)  44  Ingraham  Blvd.,  Hempatead, 

L.  I.,  N.  Y. 
BOOT,   Arthur  (M  1938)   Mgr.,  Refrig.   &  Air 

Cond.  Div.  (for  mail)  Boot  &  Co.,  Inc.,  115  W. 

Fulton    St.,    and    928    Orchard    Ave,,    Grand 

Rapids,  Mich. 
BOOTH,  Charles  A.  (M  1917)  Vice-Pres.,  Buffalo 

Forge  Co.,  490  Broadway,  and  (for  mail)  142 

Summit  Ave.,  Buffalo,  N.  Y. 
BORAK,  Eugene  (M  1937)  Engr.,  Buensod-Stacey 

Air  Conditioning,  Inc.,  60  East  42nd  St.,  New 

York,  N.  Y.,  and  (for  mail)  261  Manhattan  Ave., 

Jersey  City,  N.  J. 
BORG,  Elmer  H.  (M  1938)  Partner  (for  mail) 

Proudfoot  Rawson-Brooks  &  Borg,  Archts.,  815 

Hubbell    Bldg,,   and  3101    Easton   Blvd.,   Des 

Moines,  la. 
BORKAT,  Philip  (J  1936)  Asst.  Engr.,  Specifi- 

cations Section,  Bureau  of  Yards  &  Docks,  U.  S. 

Navy  Dept.,  Washington,  D.  CM  and  (for  mail) 

905  Carroll  Ave.,  Takoma  Park,  Md. 
BORLING,  John  R.   (A  1934)  Engr.-Custodian 

(for  mail)  Chicago  Board  of  Education,  214  N. 

Lavergne    Ave.,    and    1000    N.    Waller   Ave., 

Chicago,  111. 
BORNEMANN,   Walter  A.    (M  1924;  J   1923) 

Sales  Engr.  (for  mail)  Carrier  Corp.,  12  South 

12th  St.,  Philadelphia,  and  123  W.  Wharton  Rd., 

Glenside,  Pa. 
BORNSTEIN,   William   (A    1937)   Partner  (for 

mail)  Wm.  Bornstein  &  Son,  720  New  Jersey 

Ave.  N.  W.,  Washington,  D.  C.,  and  222  Chestnut 

Ave.,  Takoma  Park,  Md. 
BORTON,  A.  Robert  (J  1939)  Dist.  Mgr.  (for 

mail)  John  J.  Nesbitt,  Inc.,  720  Empire  Bldg., 

Pittsburgh,  and  316  Breading  Ave.,  Ben  Avon, 

Pittsburgh  2,  Pa. 
BOTELHO,  Nanto  Junqueira  (4   1937)  Chief 

Engr.  and  Mgr.,  Ceibrasil  Representacoes  Ltda., 

Rua    General    Camara,    64-7°   andar,   Rio   de 

Janeiro,  Brazil,  South  America. 
BOTTUM,  Edward  W.  (J  1938)  Chief  Engr.  (for 

mail)  J.  L.  Skuttle  Co.,  1015  Franklin  St.,  and 

1601  Clark  St.,  Detroit,  Mich. 
BOUEY,  Angus  J.  (A  1937;  /  1930)  Sales  (for 

mail)   The   B.  F.  Sturtevant  Co.,  681  Market 

St.,  and  4810  Fulton  St.,  San  Francisco,  Calif. 
BOUILLON,  Lincoln  (M  1933)  Consulting  Engr. 

(for  mail)  426-1411  Fourth  Ave.  Bldg.,  and  2211- 

32nd  Ave.  S.,  Seattle,  Wash. 


BOWEN,  John  C.  (A  1938)  Sales  Mgr.,  Midwest 
Engineering  Co.,  201-2 
Wis. 


., 
-203  State  St.,  La  Crosse, 


. 
BOWERMAN,   Everett  L.    (A   1937)    Mgr.  Air 

Cond.    Dept.,    Bennett    &    Wright,    Ltd.,    72 

Queen  St,  E.,  and  (for  mail)  274  Belsize  Dr., 

Toronto,  Ont.,  Canada. 
BOWERS,  Arthur  F.  (A  1919)  Pres.  (for  mail) 

Industrial  Heating  &  Engineering  Co.,  828  N. 

Broadway,  and  2853  N.  Hackett  Ave.,  Milwau- 

kee, Wis. 


BOWES,  Warren  H.  (A  1940)  Air  Cond.  Engr. 
(for  mail)  Canadian  General  Electric  Co.,  214 
King  St.,  W.  and  85  Pears  Ave.,  Toronto,  Ont., 
Canada. 

BOWLES,  Edmund  N.  (A  1937)  Northwest  Air 
Cond.  Supvr.  (for  mail)  Westinghouse  Electric 
&  Manufacturing  Co.,  20  N.  Wacker  Dr.,  and 
6043  N.  Paulina  St.,  Chicago,  111. 

BOWLES,  Potter  (A  1928)  Pres.  (for  mail)  Hoff- 
man Specialty  Co.,  Inc.,  77  Bedford  St.,  Stamford, 
and  Box  61,  New  Canaan,  Conn. 

BOXALL,  Frederick  (M  1937)  Export-Air  Cond. 
&  Refrig.  Engr.,  Worthington  Pump  &  Machinery 
Corp.,  Worthington  Ave.,  Harrison,  and  (for 
mail),  36  Kenwood  Ave.,  Verona,  N.  J. 

BOYAR,  Sidney  L.  (J  1938)  Asst.  Buyer-Stokers 
&  Controls,  Sears  Roebuck  &  Co.,  925  S.  Homan 
Ave.,  Chicago,  111.,  and  (for  mail),  711  W. 
Chicago  Ave.,  E.  Chicago,  Ind. 

BO  YD,  Spencer  W.  (M  1937;  J  1931)  Consulting 
Engr.  (for  mail)  Newcomb  &  Boyd,  Cons.  Engrs., 
Trust  Co.  of  Georgia  Bldg.,  and  1505  Fairview 
Rd.,  Atlanta,  Ga. 

BOYD,  T.  Dudley  (M  1937)  Sales  Engr.  (for 
mail)  Johnson  Service  Co.,  1113  Race  St.,  and 
3332  N.  Sterling  Way,  Cincinnati,  O. 

BOYDEN,  Davis  S.*  (Life  Member;  M  1909) 
(Presidential  Member)  (Pres.  1937;  1st  Vice- 
Pres.  1936;  Treas.,  1933-34;  Council,  1917,  1930- 
38)  Consultant,  Box  386,  Shirley,  Mass. 

BOYKER,  Robert  Owen  (J  1935)  Contractor, 
Mac  Boyker  &  Son  (for  mail)  220  First  Ave., 
and  100  Kennebeck  Ave.,  Kent,  Wash. 

BOYLE,  John  R.  (M  1936)  Traveling  Sales  Mgr., 
Westerlin  &  Campbell  Co.,  1113  Cornelia  Ave., 
and  (for  mail)  6858  Osceola  Ave.,  Chicago,  111. 

BOZEMAN,  Richard  (M  1936;  J  1929)  Pro- 
duction Supt.,  United  Clay  Products  Co.,  931 
Investment  Bldg.,  Washington,  D.  C.,  and  (for 
mail)  1706  N.  Uhle  St.,  Arlington,  Va. 

BRAATZ,  Chester  J.*  (M  1930)  Sales  Mgr., 
Temperature  Control  Div.,  Barber-Colman  Co., 
and  (for  mail)  1819  Clinton  St.,  Rockford,  111. 

BRACKEN,  John  H.  (M  1927)  Mgr.  Industrial 
Uses  Dept.  (for  mail)  The  Celotex  Corp.,  919 
N.  Michigan  Ave.,  and  455  Oakdale  Ave., 
Chicago,  111. 

BRADFIELD,  William  W.  (M  1926)  Mech. 
Engr.  (for  mail)  341  Michigan  Trust  Bldg.,  and 
1352  Franklin  St.  S.  E.,  Grand  Rapids,  Mich. 

BRADFORD,  Gilmore  G.  (M  1936)  Mgr., 
Frigidaire  Div.,  General  Motors  China  Ltd.,  201 
Rte.  Cardinal  Mercier,  Shanghai,  China. 

BRADLEY,  Euftene  P.  (M  1906)  Pres.  (for  mail) 
Hester- Bradley  Co.,  2835  Washington  Blvd.,  and 
No.  4  Yale  Ave.,  University  City,  St.  Louis  Co., 
Mo. 

BRANDT,  Allen  D.  (M  1940)  P.  A.  Sanitary 
Engr.  (R),  U.  S.  Public  Health  Service,  National 
Institute  of  Health,  and  (for  mail)  137  N. 
Chelsea  Lane,  Bethesda,  Md. 

BRANDT,  Ernst  H.,  Jr.  (M  1928)  Pres.  (for  mail) 
Reliance  Engineering  Co.,  Inc.,  P.  O.  Box  1292, 
and  1101  Providence  Rd.,  Charlotte,  N.  C. 

BRANIFF,  Paul  R.  (A  1939)  Secy.-Treas.  (for 
mail)  Braniff  Engineering  Co.,  817  N.  Broadway, 
and  2004  Northwest  16th,  Oklahoma  City,  Okla. 

BRATT,  Hero  D.  (M  1937)  Sales  Engr.,  Warren 
Webster  &  Co.,  228  Ottawa  Ave.  S.  W.,  and  (for 
mail)  2259  Stafford  Ave.  S.  W.,  Grand  Rapids, 
Mich. 

BRAUER,  Roy  (M  1926)  Dist.  Mgr,  (for  mail) 
The  Trane  Co.,  Pittsburgh,  Pa. 

BRAUN,  Charles  R.,  Jr.  (S  1939)  Student  (for 
mail)  Carnegie  Institute  of  Technology,  4903 
Forbes  St.,  Pittsburgh,  Pa.,  and  845  Thomas  Rd., 
Columbus,  O. 

BRAUN,  John  J.  (M  1932)  Factory  Mgr.,  The 
United  States  Playing  Card  Co.,  Cincinnati, 
and  (for  mail)  4305  Floral  Ave.,  Norwood,  0. 

BRAUN,  Louis  T.  (M  1921)  Executive  Secy,  (for 
mail)  Chicago  Master  Steamfitters  Assn.,  228  N. 
LaSalle  St.,  and  1548  Pratt  Blvd.,  Chicago,  111 
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BRAYMAN,  Albert  I.  (J  1937)  Draftsman  and 
Estimator,  Edward  Brayman,  Htg.  Contractor, 
81  Chamber  St.,  Boston,  and  (for  mail)  340 
Boulevard,  Revere,  Mass. 

BREDESEN,  Bernhard  P.  (A  1931)  Engr.  (for 
mail)  Reese  &  Bredesen,  403  Essex  Bldg.,  and 
3623  Knox  Ave.  N.f  Minneapolis,  Minn. 

BRENEMAN,  Robert  B.  (A  1931;  J  1927)  Br. 
Mgr.  (for  mail)  Armstrong  Cork  Co.,  37  N. 
Third  St.,  Columbus,  and  Rte.  2,  Westerville,  0. 

BREX,  Irving  E.  (A  1939)  Asst.  MgrM  Brex  & 
Bieler  Div.,  Excelsior  Steel  Furnace  Co.,  45th 
St.  &  First  Ave.,  and  (for  mail)  7200  Ridge  Blvd., 
Brooklyn,  N.  Y. 

BREYER,  Frederick  (S  1940)  Student  (for  mail) 
Carnegie  Institute  of  Technology,  4921  Forbes 
St.,  Pittsburgh,  Pa.,  and  4219  Richton,  Detroit, 
Mich. 

BRIDE,  William  T.  (M  1928;  J  1925)  (for  mail) 
Bride,  Grimes  £  Co.,  P.  0.  Box  777,  Lawrence, 
and  28  Albion  St.,  Methuen,  Mass. 

BRIGHAM,  Clare  M.  (M  1935)  Vice-Pres.  in 
Charge  of  Sales  (for  mail)  C.  A.  Dunham  Co., 
450  E.  Ohio  St.,  Chicago,  and  420  Maple  Ave., 
Winnetka,  111. 

BRINKER,  Harry  A.  (M  1934)  2521  University 
Ave.,  Kalamazoo,  Mich. 

BRINTON,  Joseph  W-  (M  1920)  Dist.  Mgr.  (for 
mail)  American  Blower  Corp.,  1003  Statler 
Bldg.,  Boston,  and  42  Gleason  St.,  West  Medford, 

BRISSENDEN,  Carrol  W.  (J  1939)  Htg.  Engr. 
(for  mail)  Portland  General  Electric  Co.,  621  S. 
W.  Alder  St.,  and  2735  S,  E.  61st  Ave.,  Port- 
land, Ore. 

BRISSETTE,  Leo  A.  (M  1930)  Treas.  (for  mail) 
Trask  Heating  Co.,  4  Merrimac  St.,  Boston,  and 
168  Florence  St.,  Melrose,  Mass. 

BRITTAIN,  Alfred,  Jr.  (M  1938)  Engr.,  Weather- 
makers  (Canada)  Ltd.,  593  Adelaide  St.,  and  (for 
mail)  138  Wheeler  Ave.,  Toronto,  Ont.,  Canada. 

BROCHA,  John  F.  (M  1936)  Buyer  of  Plbg.  and 
Htg.,  Montgomery  Ward  &  Co.,  619  W.  Chicago 
Ave.,  and  (for  mail)  5475  Hirsch  St.,  Chicago,  111. 

BROCKINTON,  C.  E.  (A  1937)  Sales  Engr.  (for 
mail)  Advanced  Refrigeration,  Inc.,  350  Peach- 
tree  St.,  and  756  Elkmont  Dr.  N.  E.,  Atlanta,  Ga. 

BRODERICK,  Edwin  L.*  (M  1933)  Research 
Asst.  in  Mech.  Engrg.  (for  mail)  University  of 
Illinois,  213  Mech.  Engrg.  Lab.,  Urbana,  and 
909  S.  First  St.,  Champaign,  111. 

BRODNAX,  George  H.,  Jr.  (M  1938)  Sales  Engr. 
(for  mail)  Georgia  Power  Co.,  Electric  Bldg., 
and  1564  Westwood  Ave.  S.  W.,  Atlanta,  Ga. 

BROKAW,  George  K.  (J  1939;  S  1938)  Office 
Engr.,  Clyde  E.  Bentley,  Cons.  Engr.,  216  Pine 
St.,  San  Francisco,  and  (for  mail)  2400  Haste  St., 
Berkeley,  Calif. 

BRONSON,  Carlos  E.*  (M  1919)  Chief  Mech. 
Engr.,  Kewanee  Boiler  Corp.,  Kewanee,  111. 

BROOKE,  Irving  E.  (M  1938)  Consulting  Engr. 
(for  mail)  189  W.  Madison  St.,  Chicago,  and  830 
Keystone  Ave.,  River  Forest,  111. 

BROOM,  Benjamin  A.  (M  1914)  Sales  Pro- 
motion Engr.,  Weil-McLain  Co.,  641  W.  Lake 
St.,  and  (for  mail)  1534  Fargo  Ave.,  Chicago,  111. 

BROOME,  Joseph  H.  (A  1936)  Sales  Engr., 
Minneapolis-Honeywell  Regulator  Co.,  604  Cen- 
tral Ave.,  East  Orange,  and  (for  mail)  134  Cooper 
Ave.,  Montdair,  N.  J. 

BROWN,  Alfred  P.  (M  1927)  Vice-Pres.  (for  mail) 
Reynolds  Corp.,  1400  Wabansia  Ave.,  Chicago, 
and  439  Maple  St.,  Winnetka,  111. 

BROWN,  Aubrey  I.*  (M  1923)  Prof,  of  Htg.  and 
Vtg.  (for  mail)  Ohio  State  University,  and  169 
Richards  Rd.,  Columbus,  O. 

BROWN,  David  (M  1936)  Owner  (for  mail)  67 
Cooper  Square,  and  54  West  174th  St.,  New  York, 

BROWN,  Foskett*  (M  1926)  Pres.  (for  mail) 
Gray  &  Dudley  Co.,  222  Third  Ave.  N.,  and 
2314  West  End  Ave.,  Nashville,  Tenn. 


BROWN,  H.  Jimius  (J  1940)  Engr.,  64  Norwood 
Ave.,  Clifton,  S.  I.,  N.  Y. 


BROWN,  John  S.  (J  1937)  Test  Engr.  (for  mail) 
Frigidaire  Div.,  General  Motors  Sales  Corp., 
Taylor  St.  Plant,  and  35  E.  Norman  Ave., 
Dayton,  0. 

BROWN,  Leland  S.,  Jr.  (S  1940)  Student, 
Catholic  University,  and  (for  mail)  15  Bryant  St. 
N.  W.,  Washington,  D.  C. 

BROWN,  Mack  David  (M  1938;  /  1936)  Engr., 
(for  mail)  Northup  &  O'Brien,  Archts.,  602-03 
Reynolds  Bldg.,  and  2914  Bon  Air  Ave.,  Winston- 
Salem,  N.  C. 

BROWN,  Marvin  L.  (M  1939)  Vice-Pres.,  Dallas 

Air  Conditioning  Co.,  Inc.,  3500  Commerce  St., 

and  (for  mail)  3461  Potomac  St.,  Dallas,  Tex. 

BROWN,  Maurice  W.  (/  1938)  Sales  Engr.  (for 

mail)   American  Blower  Corp.,  619  Mercantile 

Bldg.,   and  2523  W.   Tenth  St.,   Dallas,   Tex. 

BROWN,  Sterling  D.  (J  1939)  Br.  Mgr.  (for  mail) 

The  Trane  Co.,  West  Sprague  Ave.,  Spokane, 

Wash. 

BROWN,  Tom  (M  1930)  Mgr.,  Koolshade  Div. 
(for  mail)  Avery  Engineering  Co.,  1906  Euclid 
Ave.,  Cleveland,  and  3796  Lowell  Rd.,  Cleveland 
Heights,  O. 

BROWN,   William   H.    (A    1923)    Mgr.,    Brown 

Bros.,  Inc.,  3015  North  22nd  St.,  Milwaukee,  Wis. 

BROWN,  W.  Maynard  (A  1930)  Warren  Webster 

&  Co.,  17th  and  Federal  Sts.,  Camden,  N.  J. 

BROWNE,  Alfred  L.  (M  1923)  Illinois  Engineering 

Co.,  253  Highland  Rd.,  South  Orange,  N.  J. 

BRUNDAGE,  F.  Ward  (/  1940)   Mech.  Engr., 

Stewart-Kingscott  Co.,  208  Elm  St.,  and  (for 

mail)  809  W.  Lovell  St.,  Kalamazoo,  Mich. 

BRUNETT,  Adrian  L.   (M  1923)   Mech.  Engr., 

U.  S.  Supervising  Architects  Office,  Procurement 

Bldg.,  Washington,  D.  C.,  and  (for  mail)  P.  0. 

Box  36,  Rockville,  Md. 

BRUNNER,  Emanuel  G.  (A  1940)  Burner  Sales, 
Dome  Oil  Co.,  Inc.,  and  (for  mail)  707-20th  St. 
N.  W.,  Washington,  D.  C. 

BRUST,  Otto  (M  1930)  Consulting  Engr.,  Wil- 
mersdorferstrasse  95,  Berlin-Charlottenburg  4, 
Germany. 

BRYANT,  AliceGertrude*,A.B.,M.D.,F.A.C.S., 
AS-E.E.  (Life  Member-,  M  1921)  Otolaryngologiat 
Physician  and  Surgeon,  405  Marlborough  St., 
Boston,  Mass. 

BRYANT,  Percy  J.  (M  1915)  Chief  Engr.  (for 

mail)  Prudential  Insurance  Co.,  763  Broad  St., 

Newark,  and  754  Belviderc  Ave.,  Westfield,  N.  J. 

BUCK,  David  T.  (M  1940;  A  1936)  Pres,  (for  mail) 

Buck  Engineering  Co,,  37-41  Marcy  St.,  and  116 

W.  Main  St.,  Freehold,  N.  J. 

BUCK,    Lucien    (M    1928)    Engr.,    Proctor    & 

Schwartz,    Inc.,    Seventh    St.    &    Tabor    Rd., 

Philadelphia,    and    (for    mail)    Pardee    Lane, 

Wyncote,  Pa. 

BUCKERIDGE,  Victor  L.  (A  1938)  Partner  (for 
mail)  H.  Buckeridge  &  Son,  15108  Kercheval 
Ave.,  Grosse  Pointe,  and  1397  Brys  Dr.,  Grosse 
Pointe  Woods,  Mich. 

BUCKLEY,  Duane  J.   (S  1939)   Student,  Uni- 
versity of  Illinois,  Urbana,  111.,  and  (for  mail) 
421  S.  Fountain,  Wichita,  Kan. 
BUCKLEY,  Malcomb  L.  (A  1939)  Estimator  (for 
mail)  Phillips-Getschow  Co.,  32  W.  Hubbard  St.. 
and  4542  Beacon  St.,  Chicago,  111. 
BUENGER,  Albert*  (M  1920;  /  1917)  (Council, 
1934-37)  Mech.  Engr.  (for  mail)  A.  M.  Kinney, 
Inc.,  Cong.  Engrs.,  1301  Enquirer  Bldg.,  and  3171 
Portsmouth  Ave.,  Cincinnati,  0. 
BUENSOD,  Alfred  G.  (M  1918)  Pres.,  Buensod- 
Stacey  Air  Conditioning,  Inc.,  60  East  42nd  St., 
and  (for  mail)  33  Fifth  Ave.,  New  York,  N.  Y. 
BULLER,  Charles  R.  (A  1938)  Chief  Engr.,  Oil 
Burner  Div.,  The  Heil  Co.,  29th  &  Montana 
Ave.,  and  (for  mail)  2650  S.  Shore  Drive,  Milwau- 
kee, Wis. 

BULLOCK,  Howard  H.  (A  1933)  Commercial 
Engr.  (for  mail)  General  Electric  Co.,  212  No. 
Vignes  St.,  Los  Angeles,  and  2442  Cudahy  St,» 
Huntington  Park,  Calif. 
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BURCH,  Laurence  A.  (M  1934)  Sales  Mgr., 
R.  L.  Deppmann  Co.,  5853  Hamilton  Ave., 
Detroit,  and  (for  mail)  78  Amherst  Rd.,  Pleasant 
Ridge,  Mich. 

SURGES,  Joseph  H.  M.  (J  1939)  20  Orchard  St., 
Bloomfield,  N.  J. 

BURKE,  James  J.  (M  1939;  A  1937;  J  1930) 
Engr.  in  charge  of  Air  Cond.  &  Refrig.,  American 
Viscose  Corp.,  Delaware  Trust  Bldg.,  Wilmington, 
Del. 

BURK.HART,  Elder  M.  (A  1940;  J  1935)  Sales 
Engr.,  Overly  Manufacturing  Co.,  Greensburg, 
Pa.^and  (for  mail)  042  D  St.  N.  E.,  Washington, 

BURNAM,  C.  M.,  Jr.  (M  1938;  A  1937)  Engrg, 
Editor  <for  mail)  Heating,  Piping  and  Air  Con- 
ditioning, 0  N.  Michigan  Avc.,  and  10565  S. 
Hale  Ave.,  Chicago,  111. 

BURNETT,  Earle  S.  (M  1920)  Senior  Mech.  Engr., 
Petroleum  and  Natural  Gas  Div.,  U.  S.  Bureau 
of  Mines,  Amarillo  Helium  Plant,  P.  O.  Box 
2250,  and  (for  mail)  4223  West  llth  Ave., 
Amarillo,  Tex. 

BURNS,  Edward  J.  (M  1923)  Harris  Bros.  Plumb- 
ing Co.,  217  W.  Lake  St.,  and  (for  mail)  4716 
Aldrich  Ave.  S.,  Minneapolis,  Minn. 

BURNS,  Frank  G.  (M  1940)  Dealer  Coordinator 
(for  mail)  New  Orleans  Public  Service,  Inc.,  317 
Baronne  St.,  and  8515  Pritchard  PL,  New 
Orleans,  La. 

BURNS,  Harold  J.  (A  1941;  J  1939)  Asst.  Htg. 
Engr.,  Washington  Gas  Light  Co.,  411  Tenth 
Street,  Washington,  D.  C.,  and  (for  mail)  105 
Allen  Rd.,  Yorktowne  Village,  Md. 

BURNS,  John  R.  (J  1936;  &  1933)  Htg.  Dept., 
Crane  Co.,  279  Madison  Ave.,  New  York,  N.  Y., 
and  (for  mail)  504  N.  Main  St.,  Wallingford, 
Conn. 

BURR,  Griffith  €.  (M  1937)  Air  Cond,  Engr., 
Air  Conditioning  Corp.,  306  N.  Elm  St.,  and  (for 
mail)  808  Cypress  St.,  Greensboro,  N.  C. 

BURRITT,  Charles  G.  (A  1910)  Office  Mgr.  (for 
mail)  Johnson  Service  Co.,  922  Second  Ave.  S, 
and  Leamington  Hotel,  Minneapolis,  Minn, 

BURTON,  W.  Russell  (A  1939)  Sales  Engr.,  H.  J. 
Kandberg,  500  N.  E.  Union  Ave.,  and  (for  mail) 
2810  N.  E.  19th  St.,  Portland,  Ore. 

BUSHNELL,  Carl  I).  (A  1921)  Pres.  (for  mail) 
Buahnell  Machinery  Co.,  311  Rosa  St.,  Pitts- 
burgh, and  94  Pilgrim  Rd.,  Rosslyn  Farms, 
Carnegie,  Pa. 

BUSSE,  Herbert  (M  1938)  Chief  Engr.,  Fisher 
Bldg.  Div.,  Fisher  &  Co.,  417  Fisher  Bldg.,  and 
(for  mail)  16700  Greenview  Rd.,  Detroit,  Mich. 

BUTLER,  Peter  D.  (M  1922)  Sales,  U.  S.  Radiator 
Corp.,  Detroit,  Mich,  and  (for  mail)  127  Edge- 
water  Rd.,  Cliffside  Park,  N.  J. 

BUTT,  Roderick  E.  W.  (see  Special  Service  Roll, 
p.  73). 

BUZZARD,  Francis  H.  (M  1939)  Asst.,  Charles 
S.  Leopold,  Cons.  Engr.,  213  S.  Broad  St., 
Philadelphia,  Pa.,  and  (for  mail)  624  Wood 
Lane,  Haddonfield,  N.  J. 

BYRD,  Tom  I.  (A  1936)  Mgr.,  Bldgs.  Market 
Dept,  (for  mail)  The  American  Rolling  Mill  Co., 
703  Curtis  St.,  and  2403  Fleming  Rd,,  Middle- 
town,  O. 

BYRNE,  Joseph  J.  (A  1939)  Htg.  Engr.  (for  mail) 
Mueller  Furnace  Sales  Co.,  4069  N.  E,  Union 
Ave.,  and  6414  N,  E.  Rodney  Ave.,  Portland,  Ore. 

BYSOM,  Leslie  L.  (M  1915)  Mech.  Engr., 
Design  Section,  Puget  Sound  Navy  Yard,  Public 
Wks.  Dept.,  and  (for  mail)  1214  Eighth  St., 
Bremerton,  Wash. 


CADY,  Edward  F.  (J  1937)  Mech.  Engr.,  The 
Austin  Co,,  16112  Euclid  Ave.,  Cleveland,  and 
(for  mall)  2196  Rexwood  Rd.,  Cleveland  Heights, 
O. 

CAIN,  William  J.  (S  1940)  9111  Delphine  Ave., 
Overland,  Mo. 


CALDWELL,  Arthur  C.  (M  1930)  Engr.  and 
Estimator,  P.  Gormly  Co.,  155  N.  Tenth  St., 
and  (for  mail)  550  South  48th  St.,  Philadelphia, 
Pa. 

CALEB,  David  (M  1923)  Engr.  (for  mail)  Kansas- 
City  Power  &  Light  Co.,  1330  Baltimore  Ave., 
and  141  Spruce  St.,  Kansas  City,  Mo. 

CALL,  Joseph  (M  1938;  J  1936)  Mgr.,  Air  Cond., 
Div.,  Elliott-Lewis  Co.,  2518  N.  Broad  St., 

,  Philadelphia,  and  (for  mail)  50  Fairfield  Rd.,. 
Brookline  Park,  Del.  Co.,  Pa. 

CALLAHAN,  Peter  J.  (M  1934)  Inspecting  Engr.,, 
Central  Hanover  Bank  &  Trust  Co.,  60  Broad- 
way, New  York,  and  (for  mail)  4057  Amboy  Rd., 
Great  Kills,  S.  I.,  N.  Y. 

CALNAN,  Edward  J.  (M  1941)  Power  Engr.  (for 
mail)  Ontario  Paper  Co.,  Ltd.,  Thorold,  and  208' 
Russell  Ave.,  St.  Catharines,  Ont.,  Canada. 

CALVER,  Robert  W.  (see  Special  Service  Roll, 
p.  73). 

CAMERON,  Robert  T.  (J  1941;  S  1938)  Sales, 
Engr.,  Crane  Co.,  1007  W.  Bay  St.,  and  (for  mail) 
1516  Lorimier  Rd.,  Jacksonville,  Fla. 

CAMPAU,  Williarn  R.  (M  1940)  Secy.  &  Gen. 
Mgr.  (for  mail)  Kendall  Heating  Co.,  64  S.  W. 
Front  Ave.,  and  4418  N.  E.  llth,  Portland,  Ore. 

CAMPBELL,  Alfred  Q.,  Jr.  (A  1940;  J  1933) 
Engr.  (for  mail)  E.  K.  Campbell  Heating  Co.,. 
P.  O.  Box  365,  and  Robin  Rd.,  Nashville,  Tenn. 

CAMPBELL,  Andy  O.  (A  1941;  J  1939)  Engr.  & 
Draftsman  (for  mail)  Oklahoma  Gas  &  Electric 
Co.,  Third  &  Harvey  Sts.,  and  2749  N.  W.  21st 
St.,  Oklahoma  City,  Okla. 

CAMPBELL,  Bowen  (M  1938)  Chief  Engr.  (for 
mail)  Campbell  Htg.  Co.,  3127  Dean  Ave.,  and 
2404  East  29th  St.,  Des  Moines,  la. 

CAMPBELL,  Everett  K.*  (M  1920)  (Council, 
1931-33;  1939-40)  Pres.  (for  mail)  E.  K.  Campbell 
Heating  Co.,  2445  Charlotte  St.,  and  3717 
Harrison,  Kansas  City,  Mo. 

CAMPBELL,  E.  K.,  Jr.  (M  1938;  J  1930)  Secy., 
E.  1C.  Campbell  Heating  Co.,  2445  Charlotte  St., 
Kansas  City,  and  (for  mail)  5351  F  Gladstone, 
Normandy,  Mo. 

CAMPBELL,  George  Summers  (A  1941;  J  1937) 
Consulting  Engr.,  Geo.  S.  Campbell,  Mech. 
Engr.,  1100-17th  Ave.  S.,  Nashville,  Tenn. 

CAMPBELL,  George  W.  (J  1939)  Engr.,  T.  H. 
Urdahl,  Cons.  Engr.,  726  Jackson  PI.  N.  W.,  and 
(for  mail)  I3ll-30th  St.  N.  W.,  Washington,  D.  C. 

CAMPBELL,  Robert  E.  (A  1940;  J  1934)  Chief 
Engr.,  General  Cooling  and  Heating  Corp.,  120 
E.  Forsyth  St.,  and  (for  mail)  1521  Catherines 
Ct.,  Jacksonville,  Fla. 

CAMPBELL,  Roger  P.  (J  1939)  Engr.  (for  mail) 
E.  K.  Campbell  Heating  Co.,  2445  Charlotte  St.,, 
and  3717  Harrison  Blvd.,  Kansas  City,  Mo. 

CAMPBELL,  Thomas  F.  (M  1928)  (for  mail) 
T,  F.  Campbell  Co.,  1013  Penn  Ave.,  and  R.  D. 
No.  1,  Wilkinsburg,  Pa. 

CANDEE,  Bertram  C.  (M  1933)  Partner,  Beman 
&  Candee,  374  Delaware  Ave.,  Buffalo,  and  (for 
mail)  19  Tremont  Ave,,  Kenmore,  N.  Y. 

CAPLE,  Ira  (/  1941;  5  1938)  Engr.,  Super 
Radiator  Corp.,  and  (for  mail)  715  University 
Ave.  S.  E.,  Minneapolis,  Minn. 

CARBONE,  James  H.  (M  1937)  Htg.-Vtg. 
Inspector,  City  of  New  York,  New  York,  and 
(for  mail)  121-13  198th  St.,  St.  Albans,  L.  I., 
N.  Y. 

CAREY,  Paul  C.  (M  1930)  Consulting  Engr.  and 
Member  of  Firm  (for  mail)  Runyon  &  Carey,  33 
Fulton  St.,  Newark,  and  31  Claremont  Dr., 
Maplewood,  N.  J. 

CARLE,  William  E.  (M  1926)  Pres.  (for  mail) 
Carle-Boehling  Co.,  Inc.,  1641  W.  Broad  St.,  and 
4015  W.  Franklin  St.,  Richmond,  Va, 

CARLOCK,  Marion  F.  (M  1936)  Dist.  Mgr., 
American  Foundry  &  Furnace  Co.,  7008  Amherst, 
University  City,  Mo. 

CARLSON,  C.  O.  (A  1937)  Owner  (for  mail) 
C.  O.  Carlson  Heating  Co.,  1627  Washington 
Ave.  N.,.and  1806  Thomas  Ave.  N.,  Minne- 
apolis, Minn. 
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•CARLSON,  Everett  E.  (M  1932;  A  1929)  Bn  Mgr, 
(for  mail)  The  Powers  Regulator  Co.,  1010 
Louderman  Bldg.,  and  6652  Washington  Ave., 
St.  Louis,  Mo. 

CARNAHAN,  John  H.  (A  1940;  J  1937)  Sales 
Dept.,  Oklahoma  Gas  &  Electric  Co.,  321  N. 
Harvey  St.,  and  (for  mail)  3116  Northwest  26th 
St.,  Oklahoma  City,  Okla. 

CARNEY,  Edward  J.  (A  1939)  Partner  (for  mail) 
John  C.  Kohler  Co.,  554  North  16th  St.,  and 
1020  North  64th  St.,  Philadelphia,  Pa. 

CARON,  Hector  (A  1938)  Mgr.  &  Owner,  Hector 
Caron,  324  Lincoln  Highway,  and  (for  mail)  421 
S.  Third  St.,  Rochelle,  111. 

•CARPENTER,  Randolph  H.  (M  1921)  (Council, 
1930-35)  Mgr.  New  York  Office  (for  mail)  Nash 
Engineering  Co.,  Graybar  Bldg.,  420  Lexington 
Ave.,  New  York,  and  20  Jefferson  Ave.,  White 
Plains,  N.  Y. 

CARR,  Maurice  L.*  (M  1931)  Dir.,  Pittsburgh 
Testing  Lab.,  Stevenson  &  Locust  Sts.,  Pitts- 

CARlflERt'Earl  G.  (M  1936;  J  1929)  Br.  Mgr., 
Carrier  Corp.,  704  Statler  Bldg.,  Boston,  and  (for 
mail)  68  High  St.,  Winchester,  Mass. 

CARRIER,  Willis  Haviland*  (M  1913)  (Presi- 
dential Member)  (Pres.,  1931;  1st  Vice-Pres., 
1930;  2nd  Vice-Pres,  1929;  Council,  1923-32) 
Chairman  of  the  Board  (for  mail)  Carrier  Corp., 
302  S.  Geddes  St.,  and  2570  Valley  Drive, 
Syracuse,  N.  Y. 

CARROLL,  Edgar  E.  (A  1939)  Owner  (for  mail) 
Kleenair  Furnace  Co.,  5329  N.  E.  Sandy  Blvd., 
and  2434  N.  E.  43rd  Ave.,  Portland,  Ore. 

CARROLL,  William  M.  (J  1938)  Sales  Engr. 
(for  mail)  Tom  Dolan  Htg.  Co.,  614  W.  Grand, 
and  908  East  Dr.,  Oklahoma  City,  Okla. 

CARTER,  Alexander  W.  (M  1940;  /  1936)  Htg. 
Engr.  (for  mail)  Monarch  Brass  Manufacturing 
Co.,  Ltd.,  71  Browns  Ave.,  and  117  Elmer  Ave., 
Toronto,  Ont.,  Canada. 

CARTER,  Doctor  (M  1934)  Consulting  Engr.,  162 
Avenue  Parade,  Accrington,  Lanes.,  England. 

CARTER,  John  H.*  (M  1936)  Mgr.  Refrig. 
Dept.  (for  mail)  Kupferle-Hicks  Heating  Co., 
3974  Delmar  Blvd.,  St.  Louis,  and  341  Spring 
Ave.,  Webster  Groves,  Mo. 

CARY,  Edward  B.  (M  1935)  Lt.  Comdr.,  Asst.  to 
Public  Works  Officer  (for  mail)  U.  S.  Naval 
Training  Station,  Great  Lakes,  and  412  Douglas 
Ave.,  Waukegan,  111. 

CASE,  Delbert  Vernon  (M  1937)  Mgr.  &  Owner, 
Case  Engineering  Co. — Lipman  Refrigeration 
Sales  Co.,  1728  Grand  Ave.,  Kansas  City,  and 
(for  mail)  Route  No.  1,  Hickman  Mills,  Mo, 

CASE,  Walter  G.  (A  1930)  Mgr.,  Ideal  Boilers  & 
Radiators,  Ltd.,  Ideal  House,  Great  Marl- 
borough  St.,  London,  W.I,  and  (for  mail)  66  The 
Ridgeway,  Kenton,  Harrow,  Middlesex,  England. 

CASEY,  Byron  L.  (M  1921)  Sales  Engr.  (for  mail) 
Ilg  Electric  Ventilating  Co.,  222  N.  LaSalle  St., 
Chicago,  and  404  Vine  Ave.,  Park  Ridge,  111. 

CASKEY,  Luther  H.,  Jr.  (S  1938)  Design  Engr., 
L.  H.  Caskey,  513  N.  Queen  St.,  Martinsburg, 
W.  Va. 

CASPERD,  Henry  W.  H.  (A  1938;  J  1930)  Engr., 
Carrier  Co.,  Ltd.,  24  Buckingham  Gate,  London 
and  (for  mail)  21  Robin  Hood  Lane,  Sutton, 
Surrey,  England. 

CASSELL,  John  D.*  (Life  Member;  M  1913) 
(Council,  1930-35)  Retired,  2008  Walnut  St., 
Philadelphia,  Pa. 

CASSELL,  William  L.  (M  1936)  Owner  (for  mail) 
William  L.  Cassell,  Mech.  Engr.,  912  Baltimore 
Ave.,  Kansas  City,  and  R.  F.  D.  No.  6,  Inde- 
pendence, Mo. 

CHALMERS,  Charles  H.  (M  1925)  Gen.  Mgr. 
(for  mail)  Chalmers  Oil  Burner  Co.,  1234  Central 
Ave.,  and  523  Seventh  St.  S.  E.,  Minneapolis, 

CHAMBERS,  Fred  W.  (M  1936)  Pres.  (for  mail) 
F.  W.  Chambers  &  Co,,  Ltd.,  96  Bloor  St.  W., 
and  55  Glengowan  Rd.,  Toronto,  Ont.,  Canada. 


CHAMPLIN,  Robert  C.  (4  1938)  Mgr.  Air  Cond. 
Engrg.  Dept.  (for  mail)  Timken  Silent  Automatic 
Div.,  100-400  Clark  Ave.,  and  13640  Mendota 
Ave.,  Detroit,  Mich, 

CHAPIN,  C.  Graham  (M  1933)  Treas.  (for  mail) 
Hopson  &  Chapin  Co.,  231  State  St.,  and  66 
Faire  Harbour  PI.,  New  London,  Conn. 

CHAPIN,  Harvey  G.  (M  1935)  Sales  Engr.  (for 
mail)  Westerlin  &  Campbell  Co,,  1113  Cornelia 
Ave,,  and  8352  Maryland  Ave.,  Chicago,  111. 

CHAPMAN,  William  A.,  Jr.  (Af  1936)  Com- 
mercial &  Air  Cond.  Sales  Planning  (for  mail) 
Frigidaire  Div.,  General  Motors  Sales  Corp., 
300  Taylor  St.,  and  525  Daytona  Pkwy., 
Dayton,  O. 

CHARLES,  Paul  L.  (M  1938)  Mgr.  (for  mail) 
Walsh  &  Charles,  406  Tribune  Bldg.,  and  145 
Ash  St.,  Winnipeg,  Man.,  Canada. 

CHARLET,  Louis  W.  (M  1934)  Gen,  Sales  Mgr., 
Kewanee  Boiler  Corp.,  and  (for  mail)  442  S. 
Tremont,  Kewanee,  111. 

CHASE,  Arthur  M.,  Jr.  (M  1938)  Sales  Engr. 
(for  mail)  York  Ice  Machinery  Corp.,  2201  Texas 
Ave.,  and  3333  Ozark  St.,  Houston,  Tex. 

CHASE,  Chauncey  L.  (M  1931)  Partner  (for  mail) 
Edward  E.  Ashley,  Cons.  Engr.,  10  East  40th  St., 
New  York,  and  8829  Ft,  Hamilton  Pkwy., 
Brooklyn,  N.  Y. 

CHASE,  L.  Richard  (M  1938:./  1931)  Vice-Pres. 
&  Gen.  Mgr.  (for  mail)  Transport  Clearing 
House,  Inc.,  Ill  W.  Jackson  Blvd.,  Chicago,  and 
555  Hinman,  Evanston,  111. 

CHASE,  Peter  S.  (A  1940)  Owner  (for  mail) 
Chase  Co.,  936  Oak  St.,  and  1167  Ferry  St., 
Eugene,  Ore. 

CHASE,  Roger  E.  (A  1939)  Pres.  (for  mail) 
R.  E.  Chase  &  Co.,  Tacoma  Bldg.,  and  117  N. 
Tacoma  Ave.,  Tacoma,  Wash. 

CHEESEMAN,  Evans  W.  (J  1937;  S  1934)  1st  Lt. 
Corps  of  Engrs.  Res.,  and  (for  mail)  1503  Willow 
St.,  Coffeyville,  Kans. 

CHENEVERT,  J.  Georges  (M  1938)  Consulting 
Engr.  (for  mail)  Arthur  Surveyor  &  Co.,  Rm. 
1203,  1010  St.  Catherine  St.  W.,  Montreal,  and 
536  Outremont  Ave.,  Outremont,  Que.,  Canada. 

CHENOWETH,  Dale  M.  (J  1938;  S  1936)  Asst. 
Gen.  Supt.,  S.  Braintree  Factory,  Armstrong 
Cork  Co.,  S.  Braintree,  and  (for  mail)  156  River 
St.,  Braintree,  Mass. 

CHERNE,  Realto  E.  (M  1938;  J  1929)  Br.  Chief 
Engr.,  Carrier  Corp.,  and  (for  mail)  167  Ridge- 
way  Ave.,  Syracuse,  N.  Y. 

CHERRY,  Lester  A.*  (M  1921)  (for  mail)  Cherry, 
Gushing  and  Preble,  Cona.  Engrs.,  271  Delaware 
Ave.,  Buffalo,  and  151  Euclid  Ave.,  Kenmore, 
N.  Y. 

CHESTER,  Frank  L.  (A  1940)  Mgr.  (for  mail) 
W.  G.  Chester  &  Son,  179  Bannatyne  Ave.,  and 
219  Kingston  Row,  Winnipeg,  Man.,  Canada. 

CHESTER,  Thomas*  (M  1917)  230  Fifth  Ave., 
New  York,  N.  Y. 

CHEYNEY,  Charles  C.  (A  1913)  Asst.  Sales  Mgr. 
(for  mail)  Buffalo  Forge  Co.,  490  Broadway,  and 
255  Lincoln  Pkwy.,  Buffalo,  N.  Y. 

CHILDS,  Lewis  A.  (M  1938)  Dist.  Sales  Mgr. 
(for  mail)  Clarage  Fan  Co.,  620  Commercial 
Trust  Bldg.,  and  1320  Foulkrod  St.,  Phila- 
delphia, Pa. 

CHRISTENSON,  Harry  (A  1931)  Co-partner  (for 
mail)  Hunter-Prell  Co.,  15-19  E.  Jackson  St.,  and 
121  Sunset  Blvd.,  Battle  Creek,  Mich. 

CHRISTMAN,  William  F.  (A  1931)  Engr.  (for 
mail)  Kroeschell  Engineering  Co.,  215  W. 
Ontario  St.,  and  5649  Artesian  Ave.,  Chicago,  III. 

CHRISTOPHERSEN,  Andrew  E.  (M  1935) 
Engr.-Custodian  (for  mail)  Board  of  Education, 
Spalding  School,  1628  Washington  Blvd.,  and 
2923  N.  Kilpatrick  Ave.,  Chicago,  111. 

CHURCH,  Herbert  J.  (M  1922)  Mgr.  (for  mail) 
Darling  Brothers,  Ltd.,  137  Wellington  St.  W., 
Toronto,  and  358  Main  St.  N.,  Weston,  Ont., 
Canada. 
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CITRON,  Daniel  J.   (5  1938)  2055  Ryer  Ave., 

New  York,  N.  Y. 

CLAR,  Robert,  Jr.  (A  1938)  Sales  Engr.,  U.  S. 
Radiator  Corp.,  127  Campbell  Ave.,  Detroit,  and 
(for  mail)  6898  Livernois,  Rochester,  Mich. 

CLARE,  Fulton  W.  (M  1927)  935  Plymouth  Rd. 
N.  E.,  Atlanta,  Ga. 

CLARK,  Adrian  N.  (A  1939)  Staff  Engr.,  Good 
Housekeeping  Institute,  Eighth  Ave.  &  57th  St., 
New  York,  and  (for  mail)  80  Chase  Rd.,  Man- 
hasset,  L.  I.,  N.  Y. 

CLARK,  Albert  C.  (A  1939)  Engr.,  Mueller 
Furnace  Sales  Co.,  4069  N.  E.  Union  Ave.,  and 
(for  mail)  3742  N,  E.  68th  Ave.,  Portland,  Ore. 

CLARK,  E.  Harold  (M  1922)  Mfrs.  Agent,  600 
Michigan  Theatre  Bldg.,  and  (for  mail)  2539 
Lakewood,  Detroit,  Mich. 

CLARK,  Lynn  W.  (A  1938)  Engr.  &  Salesman 
(for  mail)  Hall-Neal  Furnace  Co.,  1324  N. 
Capitol  Ave.f  and  737  West  32nd  St.,  Indianap- 
olis, Ind. 

CLARK,  Robert  L.  (A  1918)  Pres.  &  Treas.,  The 
Clark  Asbestos  Co.,  1893  East  55th  St.,  Cleve- 
land, and  (for  mail)  927  Caledonia  Ave.,  Cleve- 
land Heights,  0. 

CLARKSON,  John  R.  (J  1941;  5  1938)  2832  Burd, 
St.  Louis,  Mo. 

CLAUSEN,  Arnold  H.  (M  1939)  Owner  &  Mgr. 
(for  mail)"  Clausen  Engineering  Co.,  307  Wall  St., 
and  404  E,  Howcll  St.,  Seattle,  Wash. 

CLAY,  Wharton  (M  1939;  A  1938)  Secy,  (for  mail) 
National  Mineral  Wool  Association,  1270  Sixth 
Ave.,  New  York,  and  127  S.  Broadway,  Nyack, 
N.  Y, 

CLEGG,  Carl  (M  1022)  Dist.  Mgr.  (for  mail) 
American  Blower  Corp.,  311  Mutual  Bldg.,  and 
3413  Gillham  Rd.,  Kansas  City,  Mo. 

CLEMENS,  Joseph  D.  (S  1940)  Graduate  Student 
(for  mail)  Purdue  University,  201  Quincy  St.  W., 
Lafayette,  Ind.,  and  Lincoln  Ave.,  St.  Joseph, 
Mich. 

CLIFTON,  John  Arthur  (A  1938)  Mgr.  (for  mail) 
Renown  Plumbing  Supplies,  Ltd.,  230  Parlia- 
ment St.,  and  369  Belsize  Dr.,  Toronto,  Ont., 
Canada. 

CLO,  Harry  E.  (J  1939)  Sales  Engr.  (for  mail) 
American  Air  Filter  Co.,  Inc.,  Rm.  1310,  228  N. 
LaSalle  St.,  Chicago,  and  630  Library  PL, 
Evunston,  111. 

CLOSE,  Paul  D.*  (M  1928)  Tech.  Secy,  (for  mail) 
Insulation  Board  Institute,  111  W.  Washington 
St.,  Chicago,  and  757  Maclean  Ave.,  Kenilworth, 
111. 

CLOSE,  Robert  (M  1938)  Chief  Air  Cond.  Engr., 
National  Broadcasting  Co,,  30  Rockefeller  Plaza, 
New  York,  N.  Y.,  and  (for  mail)  185  Glenwood 
Ave.,  Lconia,  N.  J. 

COGHRAN,  Lex  H.  (M  1934)  Sales  Mgr.,  Western 
Div.  (for  mail)  American  Blower  Corp.,  625 
Market  St.,  and  130  Camino  Del  Mar,  San 
Francisco,  Calif. 

COCKINS,  William  W.  (A  1941;  /  1937)  Sales 
Engr.  (for  mail)  The  Trane  Co.,  1129  Folsom  St., 
San  Francisco,  and  1700  Madera  St.,  Berkeley, 
Calif. 

CODY,  Henry  C.  (M  1936)  Sales  Engr.,  Pierce 
Butler  Radiator  Corp.,  15th  &  Glenwood  Ave., 
and  (for  mail)  7336  North  21st  St.,  Philadelphia, 
Pa. 

COGHLAN,  Sherman  F.  (A  1937)  Mech.  Engr., 
Metropolitan  Water  District  of  So.  Calif.,  306 
W.  Third  St.,  Los  Angeles,  and  (for  mail)  414 
Ninth  St.,  Santa  Monica,  Calif. 

COHAGEN,  Chandler  C.  (M  1919)  Archt.  (for 
mail)  211  Hedden  Bldg.,  Box  2100,  and  245 
Avenue  G,  Billings,  Mont. 

COHEN,  Philip  (M  1932)  Dist.  Mgr.  (for  mail) 
B.  F.  Sturtevant  Co.,  401  E.  Ohio  Gas  Bldg., 
and  7100  Euclid  Ave.,  Cleveland,  0. 

COLBY,  John  H.  (J  1939)  Sales  Engr.  (for  mail) 
Johnson  Service  Co.,  20  Winchester  St.,  Boston, 
and  25  Jefferson  Rd.,  Wellesley  Hills,  Mass. 


COLCLOUGH,  Otho  T.  (A  1933)  Custodian, 
American  Legation,  and  (for  mail)  726  Parkdale 
Ave.,  Ottawa,  Ont.,  Canada. 

COLE,  C.  Boynton  (M  1940;  J  1937)  Owner, 
Boynton  Cole  Contracting  Engr.,  Htg.  &  Vtg., 
1873  Piedmont  Rd.,  and  (for  mail)  1843  Flagler 
Ave.  N.  E.,  Atlanta,  Ga. 

COLE,  Grant  E.  (A  1925)  Vice-Pres.  &  Mgr.  (for 
mail)  Trane  Co.  of  Canada,  Ltd.,  4  Mowat  Ave., 
and  112  Tyndall  Ave.,  Toronto,  Ont.,  Canada. 

COLEMAN,  John  B.  (M  1920)  Chief  Engr.  (for 
mail)  Grinnell  Co.,  Inc.,  275  W.  Exchange  St., 
and  237  Cole  Ave.,  Providence,  R.  I. 

COLFORD,  John  (A  1937)  Pres.,  John  Colford, 
Ltd.,  2007  Guy  St.,  Montreal,  and  (for  mail) 
51  Upper  Bellevue  Ave.,  Westrnount,  Que.> 


COLLE,  Samuel  S.  (A  1938)  Engr.  (for  mail)  Air 
Conditioning  Engineering  Co.,  361  Youville  Sq., 
and  4968  Fulton  St.,  Montreal,  Que.,  Canada. 

COLLIER,  William  L  (M  1921)  Pres.  (for  mail) 
W.  I.  Collier  &  Co.,  522  Park  Ave.,  Baltimore, 
and  Ellicott  City,  Md. 

COLLINS,  John  F.  S.,  Jr.  (M  1933)  (Council, 
1940)  Secy.-Treas.  (for  mail)  National  District 
Heating  Assn.,  1231  Grant  Bldg.,  and  827  N. 
Euclid  Ave.,  E.  E.,  Pittsburgh,  Pa. 

COLMAN,  Robert  C.  (A  1940)  Vice-Pres., 
McQuay,  Inc.,  1600  Broadway  N.  E.,  Minneap- 
olis, and  (for  mail)  102  Exeter  PL,  St.  Paul, 
Minn. 

COLMENARES,  Caspar  Vizoso  (A  1938)  (for 
mail)  Castel-Vizo,  S.  A.,  Obrapia  407,  and  Calle 
10  entre  5a  y  3&,  Miramar,  Havana,  Cuba. 

COMO,  Jack  A.  (M  1939)  Estimating  Engr., 
Independent  Plumbing  Co.,  172  Luckie  St.  N.  W., 
and  (for  mail)  2865  Elliot  Circle,  Atlanta,  Ga. 

COMSTOCK,  Glen  M.  (A  1926)  Dist.  Repr.- 
Engr.  (for  mail)  L,  J.  Wing  Manufacturing  Co., 
604  Chamber  of  Commerce  Bldg.,  Pittsburgh, 
and  154  College  Ave.,  Beaver,  Pa. 

CONATY,  Bernard  M.  (M  1935)  Sales  Mgr. 
(for  mail)  American  District  Steam  Co.,  North 
Tonawanda,  and  P.  0.  Box  342,  Eden,  N.  Y. 

CONE,  William  Edward  (A  1941;  /  1937)  Air 
Cond.  Engr.,  Shook  &  Fletcher  Supply  Co.,  1814 
First  Ave.  N.,  and  (for  mail)  1037  Tenth  Ave.  S., 
Birmingham,  Ala. 

CONKLIN,  Robert  Murray  (J  1940)  Engr.  (for 
mail)  The  Fred  D.  Pfening  Co.,  1075  W.  Fifth 
Ave.,  and  1445  W.  Second  Ave.,  Columbus,  0. 

CONNELL,  Richard  F.  (M  1916)  Mgr.  Capitol 
Testing  Laboratory  (for  mail)  U.  S.  Radiator 
Corp.,  1056  National  Bank  Bldg,,  and  2970 
Burlingarne,  Detroit,  Mich. 

CONNER,  Raymond  M.  (M  1931)  Dir.  Testing 
Labs,  (for  mail)  American  Gas  Association,  1032 
East  62nd  St.,  Cleveland,  and  271  East  216th 
St.,  Euclid,  O. 

CONNORS,  Edward  C.  (A  1940)  Engr.  Custodian 
Chicago  Board  of  Education,  1000  Grand  Ave., 
and  (for  mail)  4850  Quincy  St.,  Chicago,  111. 

CONRAD,  Roy  (M  1935)  Sales  Engr.,  Carrier 
Corp.,  1500  S.  Santa  Fe,  Los  Angeles,  Calif.,  and 
(for  mail)  3416  Colfax  "B",  Denver,  Colo. 

CONSTANT,  Earl  S.  (J  1935)  Engr.,  Buffalo 
Forge  Co.,  490  Broadway,  and  (for  mail)  149 
Highland  Ave.,  Buffalo,  N.  Y. 

CONVERSE,  Thornton  John  (M  1941)  Engr. 
(for  mail)  Office  of  Douglas  Orr,  Archt.,  96  Grove 
St.,  New  Haven,  and  Flying  Point,  Stony  Creek, 
Conn. 

COOK,  Benjamin  F.  (M  1920)  Consulting  Engr., 
114  W.  Tenth  St.  Bldg.,  Kansas  City,  and  (for 
mail)  1720  Overton  Ave.,  Independence,  Mo. 

COOK,  Henry  Dale  (A  1938)  Sales  Engr.  (for 
mail)  General  Controls  Co.,  450  E.  Ohio  St., 
Chicago,  111.,  and  73  East  10th  St.,  Holland. 
Mich. 

COOK,  Ralph  P.  (M  1930)  Asst.  Supt.  Engrg.  & 
Maintenance  Dept.,  in  charge  of  Engrg.  Div. 
(for  mail)  Eastman  Kodak  Co.,  Kodak  Park,  and 
663  Seneca  Pkwy.,  Rochester,  N.  Y. 
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COOKE,  Thomas  C.  (A  1937)  Htg.  &  Air  Cond. 
Engr.  (for  mail)  Tomlinson  Co.,  Inc.,  400-402 
E.  Peabody  St.,  P.  O.  Box  217,  and  lllSji 
Eighth  St.,  Durham,  N.  C. 

COOLEY,  Edgerton  C.  (M 1938)  Owner  (for  mail) 
E.  C.  Cooley  Co.,  625  Market  St.,  San  Francisco, 
and  Box  789  B,  Route  1,  Los  Altos,  Calif. 

COOMBE,  James  (A  1932)  Vice-Pres.  (for  mail) 
William  Powell  Co.,  2525  Spring  Grove  Ave., 
and  2363  Grandin  Rd.,  Cincinnati,  O. 

COON,  Thurlow  E.  (M  1916)  Pres.  (for  mail) 
The  Coon-DeVisser  Co.,  Inc.,  2051  W.  Lafayette, 
•  and  826  Edison  Ave.,  Detroit,  Mich. 

COOPER,  Dale  S.  (M  1938;  A  1937)  Consulting 
Engr.,  216  E.  Cowan  Dr.,  Houston,  Tex. 

COOPER,  Donald  E.  (J  1939)  Partner,  D.  E. 
Cooper  &  Son,  540  Hood  St.,  Salem,  Ore. 

COOPER,  John  W.  (M  1932;  A  1925;  J  1921) 
Repr,  (for  mail)  Buffalo  Forge  Co.,  1598  Arcade 
Bldg.,  St.  Louis,  and  612  Hawbrook  Dr.,  Kirk- 
wood,  Mo. 

COOPER,  William  B.  (J  1937)  Application  Engr. 
Home  Htg.  Sales,  Westinghouse  Electric  & 
Manufacturing  Co.,  653  Page  Blvd.,  Springfield, 
Mass. 

COOPERMAN,  Edward  (S  1940)  Student,  Car- 
negie Institute  of  Technology,  and  (for  mail) 
3120  Avalon  St.,  Pittsburgh,  Pa. 

COPPERUD,  Edmund  R,  (J  1933)  Asst.  Mgr., 
Minneapolis  Plumbing  Co.,  1420  Nicollet  Ave,, 
and  (for  mail) '17  West  25th  St.,  Minneapolis, 
Minn. 

CORNWALL,  Charles  C.  (J  1935)  Research 
Engr.,  The  Bahnson  Co.,  1001  S.  Marshall  St., 
and  (for  mail)  473  Carolina  Circle,  Winston- 
Salem,  N.  C. 

CORNWALL,  George  I.  (M  1919)  Sales  Engr., 
Burnham  Boiler  Corp.,  701  Spring  St.,  Elizabeth, 

CORRAO,  Joseph  (A  1936;  J  1933)  Engr.,  Dept. 

of  Works,  Engrg.  Dept.,  City  Hall,  and  (for  mail) 

854-31st  Ave.,  San  Francisco,  Calif. 
CORRIGAN,  James  A.  (A  1940;  J  1935;  5  1930) 

Engr.  (for  mail)  Corrigan  Co.,  2501  St.  Louis 

Ave.,  and  6130  McPherson  Ave.,  St.  Louis,  Mo. 
COST,  George  W.  (J  1939;  S  1938)  Jr.  Sales  Engr., 

Cornelius  Engineering  Corp.,  628  Forbes  Ave., 

Wilkinsburg,  and   (for  mail)   5556  Forbes  St., 

Pittsburgh,  Pa. 
COTT,   William  B.    (M   1940)    Sales  Engr.  Air 

Cond.,  Doermann-Roehrer  Co.,  450  E.  Pearl  St., 

and  (for  mail)  3001  Bellewood  Ave.,  Cincinnati,  0. 
COTTRELL,  Walter  H.  (A  1940)  Gen.  Mgr.  (for 

mail)    Home  Owners  Heating  Equipment  Co., 

2919    Nicollet    Ave.,    Minneapolis,    and    3148 

Webster  Ave.,  St.  Louis  Park,  Minn. 
COVER,  E.  B.   (M  1937)  Sales  Engr.,  York  Ice 

Machinery  Corp.,  115  South  llth  St.,  St.  Louis, 

Mo.,  and    (for  mail)   3252   Waverly,   East   St. 

Louis,  111. 
COVER,  Richard  R.   (A  1936)   Engr.,  2011   N. 

Utah  St.,  Arlington,  Va. 
COWARD,  Charles  W.  (M  1935)  Pres.  &  Treas. 

(for  mail)  Coward  Engineering  Co.,  411  Cooper 

St.,  Camden,  and  815  Lincoln  Ave.,  Palmyra, 

N.  J. 
COX,  Harrison  F.  (A  1930)  Htg.  &  Air  Cond., 

243  Carroll  St.,  Paterson,  N.  J. 
COX,  Samuel  F.   (M  1939)   Tech.  Dir.  Double 

Glazing  Div.  (for  mail)  Pittsburgh  Plate  Glass 

Co.,  2200  Grant  Bldg.,  and  6049  B'unkerhill  St.. 

Pittsburgh,  Pa. 
COX,  Thomas  M.,  Jr.  (A  1941;  J  1937)  Engr., 

Carrier  Corp.,  and   (for  mail)   178  Maplewood 

Ave.,  Syracuse,  N.  Y. 
COX,  Vernon  G.  (A  1939)  Dist.  Sales  Mgr.  (for 

mail)    Century    Electric    Co.,    514    Mercantile 

Bldg.,  810  Main  St.,  and  207  Yarmouth  St., 

Dallas,  Tex. 
COX,  William  W.  (Life  Member]  M  1923)  Pres.  & 

Mgr.  (for  mail)  Heating  Service  Co.,  Inc.,  326 

Columbia  St.,  and  6232-31st  Ave.  N.  E.,  Seattle, 

Wash. 


CRAIG,  Joseph  A.  (J  1940)  Sales,  Trane  Co.,  850 
Cromwell  Ave.,  St.  Paul,  and  (for  mail)  3736-16th 
Ave.  S.,  Minneapolis,  Minn. 

CRANE,  Robert  S.  (M  1938)  Dist.  Engr.  (for 
mail)  Air  Cond.  Frigidaire  Div.,  General  Motors 
Sales  Corp,,  4  Cummins  Station,  and  3514 
Harding  Rd.,  Nashville,  Tenn. 

CRARY,  James  O.  (A  1940)  Mgr,  Commercial 
Air  Cond.  Dept.  (for  mail)  Frigidaire  Div., 
General  Motors  Sales  Corp.,  4430  Toulouse  St., 
and  4430  S.  Johnson  St.,  New  Orleans,  La, 

CRAWFORD,  Arthur  C.  (A  1938)  Commercial 
Engr.,  Potomac  Electric  Power  Co.,  Tenth  & 
E  Sts.  N.  W.,  and  (for  mail)  429  Butternut  St. 
N.  W.,  Washington,  D.  C. 

CRAWFORD,  John  H.,  Jr.  (A  1936;  J  1930)  Air 
Cond.  Engr.,  Hitchen  Co.,  441  Lexington  Ave., 
New  York,  N.  Y.,  and  (for  mail)  289  Reynolds 
Terr.,  Orange,  N.  J. 

CRESSY,  L.  Villere  (M  1940)  Partner  (for  mail) 
L.  Villere  Cressy  &  Lewis  S.  Alcus,  Cons.  Engrs., 
916  Union  St.,  and  3217  DeSoto  St.,  New  Orleans, 
La. 

CRIQUI,  Albert  A.*  (M  1919)  Chief  Engr.  Htg. 
&  Vtg.  Dept.,  Buffalo  Forge  Co.,  490  Broadway, 
Buffalo,  and  (for  mail)  39  St.  Johns  Ave., 
Kenmore,  N.  Y. 

CROLEY,  Jack  G.  (J  1940)  Htg.  Engr.  (for  mail) 
Savannah  Gas  Co.,  114  Barnard  St.,  and  215  E. 
Charlton  St.,  Savannah,  Ga. 

CROMBIE,  James  (A  1939)  Sales  Engr.,  American 
Radiator  &  Standard  Sanitary  Corp.,  Elyria,  and 
(for  mail)  3901  Oak  St.,  Mariemont,  Cincinnati, 
0. 

CRONE,  Charles  E.  (M  1922)  Pres.  (for  mail) 
Charles  E.  Crone  Co.,  1656  N.  Ogdcn  Ave.,  and 
1320  N.  State  St.,  Chicago,  111. 

CRONE,  Thomas  E.  (Life  Member]  M  1920) 
Retired,  c/o  Mrs.  Carol  Brown,  Apt.  6-B,  3705- 
80th  St.,  Jackson  Heights,  L.  I.,  N.  Y. 

CRONEY,  P.  Alfred  (M  1938)  Chief  of  Mech. 
Section,  U.  S.  Housing  Authority,  Interior  Bldg. 
N.,  Washington,  D.  C.,  and  (for  mail)  112 
Granville  Dr.,  Silver  Spring,  Md. 

CROPPER,  Robert  O.  (M  1938)  Head  Operating 
Engr.,  Refrigeration  Plant  &  Htg.  Equip.,  War 
Dept.,  c/o  Quartermaster,  Ft.  Knox,  and  (for 
mail)  Vine  Grove,  Ky. 

CROSBY,  Edward  L.  (M  1936)  Pres.  (for  mail) 
Henry  Adams,  Inc.,  1015-1023  Calvert  Bldg., 
and  5323  Belleville  Ave.,  Baltimore,  Md. 

CROSS,  Freeman  G.  (M  1936)  Sales  Mgr. 
Controls  Div.  (for  mail)  Fulton  Sylphon  Co., 
and  31  Nokomis  Circle,  Knoxville,  Tenn. 

CROSS,  Robert  C.*  (M  1937)  Chief  of  Htg.  Div., 
Schwitzer-Cummins  Co.,  1125-1229  Massachu- 
setts Ave.,  Indianapolis,  Ind. 

CROSS,  Robert  E.  (M  1938;  A  1931)  Dist  Mgr., 
Minneapolis-Honeywell  Regulator  Co.,  271  Co- 
lumbus Ave.,  and  (for  mail)  68  Kimberly  Ave., 
Springfield,  Mass. 

CROUT,  Marvin  M.  (M  1939;  A  1938)  Br.  Mgr. 
(for  mail)  York  Ice  Machinery  Corp.,  412 
Houston  St.,  and  2392  Hurst  Dr.,  Atlanta,  Ga. 

CRUMP,  Alvin  L.  (M  1937)  Sales  Engr.  (for  mail) 
Powers  Regulator  Co.,  2720  Greenview  Ave., 
Chicago,  and  2701  Payne  St.r  Evanston,  111. 

CUCCI,  Victor  J.  (M  1930)  Consulting  Engr.  (for 
mail)  30  Church  St.,  New  York,  and  451-55th 
St.,  Brooklyn,  N.  Y. 

CULBERT,  William  P,  (A  1929)  Partner  (for 
mail)  Culbert-Whitby  Co.,  2019  Rittenhouse 
Sq.,  Philadelphia,  and  929  Alexander  Ave., 
Drexel  Hill,  Pa. 

CULLEN,  Augustine  G.  (M  1939;  A  1936) 
Owner,  Cullen  Co.,  20  L  St.  S.  W.,  Washington, 

CULLIN,  William  W.  (M  1938)  Chief  Engr. 
Home  Insulation  Div.,  Johns-Manville  Sales 
Corp.,  22  East  40th  St.,  New  York,  and  (for  mail) 
35  Wildwood  Ave.,  Mt.  Vernon,  N.  Y. 
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GUMMING,  Ford  J.  (M  1936)  Pres.  (for  mail) 
Beccher-Cumming,  Inc.,  820  Second  Ave.  S.F 
Minneapolis,  and  120  Interlachen  Rd,,  Hopkins, 
Minn. 

•GUMMING,  Robert  W.  (M  1928)  Engr,  &  Sales 
Executive,  Sarco  Co.,  Inc.,  183  Madison  Ave., 
New  York,  and  (for  mail)  81  Alkamont  Ave., 
Scarsdale,  N.  Y. 

CUMMINGS,  Carl  H.  (A  1927;  J  1926)  Pres.  & 
Treas.  (for  mail)  Industrial  Appliance  Co.  of 
New  England,  110  Arlington  St.,  Boston,  and 
41  Edgehill  Rd.,  Chestnut  Hill,  Mass. 

CUMMINGS,  G.  J.  (M  1923)  Vice-Pres.  (for  mail) 
The  Scott  Co.,  113  Tenth  St.,  and  113  Trestle 
Glen  Rd.,  Oakland,  Calif. 

•CUMMINGS,  Robert  J.  (J  1940)  Engr.  & 
Estimator  (for  mail)  Franck  £  Fric,  9334 
Kinsman  Rd.,  and  11314  Glenboro  Dr.,  Cleve- 
land, 0. 

•CUMMINS,  George  H.  (M  1919)  Dist.  Mgr.r 
Aerofin  Corp.,  918  United  Artists  Bldg.,  and 
(for  mail)  16210  Ashton  Rd.,  Detroit,  Mich. 

CUMMISKEY,  Jerome  F.  (A  1940)  Sales  (for 
mail)  Minneapolis-Honeywell  Regulator  Co., 
2405  N.  Maryland,  and  4433  N.  Cramer,  Mil- 
waukee, Wis. 

CUMNOCK,  H.  (A  1938)  Pres.,  Little  Rock 
Refrigeration  Co.,  417  W.  Capitol  Ave.,  Little 
Rock,  Ark. 

•CUNNINGHAM,  John  S.  (A  1941;  J  1937; 
5  1935)  Htg.  Engr.,  Dowagiac  Steel  Furnace 
Co.,  and  (for  mail)  311  N.  Front  St.,  Dowagiac 
Mich. 

'CUNNINGHAM,  Thomas  M.  (M  1931;  J  1930) 
Production  Mgr.  (for  mail)  Carrier  Corp,,  7-122 
Merchandise  Mart,  Chicago,  111. 

CURRY,  Roger  F.  (J  1940;  6'  1938)  Jr.  Engr., 
H.  Curry  Sheet  Metal  Works,  3142  Sutton  Blvd., 
Maplewood,  Mo. 

"CURTICE,  Jean  M.  (A  1930)  Htg.  Engr.  & 
Dist.  Mgr.,  Citizens  Utilities  Co.,  15  W.  Fourth 
St.,  La  Junta,  Colo. 

CURTIS,  Herbert  F.  (A  1934)  Chief  Engr.  (for 
mail)  Henry  Furnace  &  Foundry  Co.,  3471  East 
49th  St.,  Cleveland,  and  59  Fourth  Ave.,  Berea,  0. 

GUSHING,  Charles  F.  (M  1938)  Mgr.  Air  Cond. 
Sales  (for  mail)  Bryant  Heater  Co.,  17825  St. 
Clair  Ave.,  Cleveland,  and  2204  Edgerton  Rd., 
Cleveland  Heights,  0. 

'GUSHING,  R.  C.  (A  1940)  Sales  Engr.  (for  mail) 
Minneapolis- Honey  well  Regulator  Co.,  1136 
Howard  St.,  Kan  Francisco,  and  1925  San  Antonio 
Ave.,  Berkeley,  Calif. 

•  CUTLER,  Joseph  A.  (M  1910)  (Council  1920-20) 
Pres.  (for  mail)  Johnson  Service  Co.,  507  E. 
Michigan  St.,  and  4811  N.  Lake  Dr.,  Milwaukee, 
Wia. 

D 

DABBS,  John  T.  (A  1940)  Chief  Engr.  (for  mail) 
Highland  Technical  School,  1141  N.  Highland 
Ave.,  Los  Angeles,  and  945-A  W.  Ninth  St.,  San 
Pedro,  Calif. 

DADDARIO,  Frank  T.  (J  1939)  Air  Cond.  Engr., 
(for  mail)  Carolina  Engineering  Co.,  220  Trust 
Bldg.,  and  104  Briar-Cliff  Rd.,  Durham,  NT.  C. 


Pa. 

DAHLGRKN,  Gustave  E.  (A  1940)  Insulation 
Mgr.  (for  mail)  Thorkelsson  Ltd.,  1331  Spruce 
St.,  and  561  Sherburn  St.,  Winnipeg,  Man., 
Canada. 

DAHLSTROM,  Godfrey  A.  (A  1927)  Htg.  Sales 
Engr.,  American  Radiator  &  Standard  Sanitary 
Corp.,  312  S.  Third  St.,  and  (for  mail)  3721-47th 
Ave.  S.,  Minneapolis,  Minn. 

DAITSH,  Abe  (J  1938)  Estimating  Engr.  (for 
mall)  Henderson-Smart  (Pty.)  Ltd.,  143-145 
Annan  House,  8(J  Commissioner  St.,  and  106/7 
Annan  House,  86  Commissioner  St»,  Johannes- 
burg, South  Africa. 


DALY,  Robert  E.  (M  1931)  Dir.  of  Engrg.  (for 
mail)  American  Radiator  &  Standard  Sanitary 
Corp.,  40  West  40th  St.,  New  York,  and  270 
Bronxville  Rd.,  Bronxville,  N.  Y. 

D'AMBLY,  A.  Ernest  (M  1924;  /  1921)  Owner 
(for  mail)  A.  Ernest  D'Ambly,  2101  Architects 
Bldg.,  Philadelphia,  and  242  E.  Montgomery 
Ave.,  Ardmore,  Pa. 

DANIEL,  William  E.  (A  1941;  J  1939)  Partner 
(for  mail)  E.  Ashby  &  Co.,  Jamaica  Wharf,  20 
Upper  Ground,  Blackfriars,  and  9  Dudley  House, 
Westmoreland  St.,  London,  W.  1,  England, 

DANIELSON,  Wilmot  A.*  (M  1935)  Col.,  Con- 
structing Quartermaster,  Quarry  Heights,  Canal 
Zone,  Panama. 

DARLING,  Arthur  B.  (A  1929)  Asst.  Sales  Mgr. 
(for  mail)  Darling  Brothers,  Ltd.,  140  Prince  St., 
and  4326  Sherbrooke  St.  W.,  Montreal,  Que., 
Canada. 

DARLINGTON,  Allan  P.  (M  1930)  Mgr.  Power 
Apparatus  (for  mail)  American  Blower  Corp., 
6000  Russell  St.,  and  5200  Haverhill,  Detroit, 
Mich. 

DARTS,  John  A.  (M  1919)  Kewanee  Boiler  Co., 
Inc.,  101  Park  Ave.,  New  York,  N.  Y. 

DASING,  Emil  (M  1937)  Design  Engr.,  Sears 
Roebuck  &  Co.,  925  S.  Homan  Ave.,  and  (for 
mail)  4729  N.  Talman  Ave.,  Chicago,  111. 

DAUBER,  Oscar  W.  (M  1937)  Consulting  Engr. 
(for  mail)  224  S.  Michigan  Ave.,  Chicago,  and 
366  Winnetka  Ave.,  Winnetka,  111. 

DAUCH,  Emil  O.  (M  1921)  Pres.  (for  mail) 
McCorrnick  Plumbing  Supply  Co.,  1675  Bagley 
Ave.,  Detroit,  and  729  Bedford  Rd.,  Grosse 
Pointe  Park,  Mich. 

DAVEY,  Geoffrey  I.  (U  1937)  Consulting  Engr. 
(for  mail)  Haskins,  Davey  &  A.  Gordon  Gutte- 
ridge,  60  Hunter  St.,  and  "Netherby"  Bangalla 
St.,  Warrawee,  Sydney,  N.  S.  WM  Australia. 

DAVIDSON,  John  C.  (M  1940;  J  1936)  Jr.  Htg. 
&  Air  Cond.  Engr.,  Dept.  of  Bldgs.,  213  City 
Hall,  and  (for  mail)  4708  Isabel  Ave.,  Minne- 
apolis, Minn. 

DAVIDSON,  L.  Clifford  (M  1927)  Assoc.  Dist. 
Mgr.  (for  mail)  Buffalo  Forge  Co.,  220  South 
16th  St.,  Philadelphia,  and  322  Winding  Way, 
Merlon,  Pa, 

DAVIDSON,  Philip  L.  (M  1924;  J  1921)  Con- 
sulting Engr.  (for  mail)  1600  Walnut  St.,  Phila- 
delphia, and  12  Curwen  Rd.,  Villanova,  Pa. 

DAVIES,  George  W.  (M  1918)  Mgr.  (for  mail) 
G.  W.  Davies  &  Co.,  19  Maclaggan  St.,  Dunedin, 
C.  1,  and  P.  O.  Box  390,  Dunedin,  N.  2,  and 
Colinswood,  Macandrew  Bay,  New  Zealand. 

DAVIES,  Reginald  H.  (M  1939)  Gas  Htg. 
Adviser,  The  Colonial  Gas  Association,  Ltd.,  360 
Collins  St.,  Melbourne,  and  (for  mail)  "Har.e- 
lands,"  5  Willsmere  Rd.f  Kew,  Victoria,  Australia. 

DAVIS,  Arthur  C.*  (M  1920)  Retired,  73  Preston 
St.,  Ridgcfield  Park,  N.  J. 

DAVIS,  Arthur  F.  (M  1934)  Pres.  (for  mail) 
Johnson  &  Davis  Plumbing  &  Heating  Co.,  2235 
Arapahoe  St.,  and  1901  Ivanhoe  St.,  Denver, 
Colo. 

DAVIS,  Bert  C.  (Life  Member]  M  1904)  (Council, 
1917)  Pres.  (for  mail)  American  Warming  & 
Ventilating  Co.,  317-319  Pennsylvania  Ave.,  and 
603  W.  Church  St.,  Elmira,  N.  Y. 

DAVIS,  Calvin  R.  (M  1927)  Br.  Mgr.  (for  mail) 
Johnson  Service  Co.,  2328  Locust  St.,  and  7534 
Westmoreland  Dr.,  St.  Louis,  Mo. 

DAVIS,  Charles  (M  1938)  Engr,  (for  mail) 
Rathe  Heating  Corp.,  700  Elton  Ave.,  and  281 
Wadsworth  Ave.,  New  York,  N.  Y. 

DAVIS,  Donald  W.,  Jr.  (J  1939)  832  Empire 
Bldg.,  Milwaukee,  Wis. 

DAVIS,  Edward  J.  (/  1938)  Sales  Engr.  (for  mail) 
Gurney  Foundry  Co.,  Ltd.,  4  Junction  Rd., 
Toronto,  and  Lakeview,  Out.,  Canada. 

DAVIS,  George  C.  (M  1939;  J  1936)  Vice-Pres., 
Northern  Public  Service  Corp.,  Ltd.,  307  Power 
Bldg.,  and  (for  mail)  366  Ash  St.,  Winnipeg, 
Man.,  Canada. 
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DAVIS,  George  L.,  Jr.  (A  1938)  Estimator, 
R.  L.  Spitzley  Heating  Co.,  1200  W.  Fort  St., 
Detroit,  and  (for  mail)  1300  Wayburn  St., 
Grosse  Pointe  Park,  Mich. 

DAVIS,  Joseph  (M  1927;  A  1926)  Owner,  Joseph 
Davis,  Engr.  &  Contractor  (for  mail)  70  W. 
Chippewa  St.,  and  106  Huntington  Ave.,  Buffalo, 

DAVIS*,  Keith  T.  (M  1937)  Chief  Engr.  (for  mail) 
L.  J.  Mueller  Furnace  Co.,  2005  W.  Oklahoma, 
and  1500  E.  Marion  St.,  Milwaukee,  Wis. 

DAVIS,  Otis  E.  (M  1929;  A  1925)  Sales  Engr.  (for 
mail)  Hoffman  Specialty  Co.,  Box  98,  and  1402 
Third  Ave.,  Scottsbluff,  Nebr. 

DAVIS,  Robert  J.  (M  1939;  A  1933)  Mech.  Engr., 
Leichnitz- Johnson  Co.,  110  N.  First  St.,  Yakima, 
Wash.,  and  (for  mail)  328  N.  Shaver  St.,  Port- 
land, Ore. 

DAVIS,  Rowland  G.  (A  1921)  Sales  Repr.,  887 
Nela  View  Rd.,  Cleveland  Heights,  O. 

DAVISON,  Robert  L.  (M  1934)  Dir.  of  Housing 
Research  (for  mail)  John  B.  Pierce  Foundation, 
40  West  40th  St.,  New  York,  and  East  Northport, 
L,  I.,  N.  Y. 

DAWSON,  Eugene  F.  (M  1934)  Assoc.  Prof. 
Mech.  Engrg.  (for  mail)  University  of  Oklahoma, 
and  229  E.  Frank  St.,  Norman,  Okla. 

DAWSON,  Thomas  L.  (M  1930)  Pres.  (for  mail) 
Thomas  L.  Dawson  Co.,  2035  Washington  St., 
Kansas  City,  Mo.,  and  Shawnee  Mission  Rd., 
Rosedale  Station,  Kansas  City,  Kan. 

DAY,  Harold  G.  (A  1934)  Sales  Office  Mgr., 
American  Radiator  Si  Standard  Sanitary  Corp., 
1807  Elmwood  Ave.,  Buffalo,  N.  Y. 

DAY,  Irving  M.  (A  1936)  Sales  Engr.  (for  mail) 
709  Mills  Bldg.,  Washington,  D.  C.,  and  405 
Cumberland  Ave.,  Chevy  Chase,  Md. 

DAY,  Vincent  S.*  (M  1924)  Asst.  to  Vice-Pres. 
in  charge  of  Marketing  (for  mail)  Carrier  Corp., 
302  S.  Geddes  St.,  and  316  Highland  Ave., 
Syracuse,  N.  Y. 

DAYNES,  Joseph  Henry  (M  1938)  Air  Cond. 
Engr.  (for  mail)  Canadian  General  Elec.  Co., 
Ltd.,  212-214  King  St.  W.,  and  25  Elvina 
Gardens,  Toronto,  Ont.,  Canada. 

DEAN,  Carl  H.  (M  1936)  Air  Cond.  Engr.  (for 
mail)  Oklahoma  Natural  Gas  Co.,  P.  O.  Box 
871,  and  109  East  26th  PI.,  Tulsa,  Okla. 

DEAN,  Charles  L.  (M  1932)  Asst.  Prof.  Mech. 
Engrg.,  University  of  Wisconsin,  305  University 
Extension  Bldg.,  and  (for  mail)  102  Grand  Ave., 
Madison,  Wis. 

DEAN,  Frank  J.,  Jr.  (J  1935;  S  1934)  Pres., 
Dean-Hagny  Corp.,  14th  &  Magee  St.,  and  (for 
mail)  6028  Walnut  St.,  Kansas  City,  Mo. 

DEAN,  Marshall  H.  (J  1938;  5  1936)  Chief  Engr., 
Hotel  President,  14th  &  Baltimore,  and  (for  mail) 
1030  West  55th  St.,  Kansas  City,  Mo. 

DeBERARD,  Philip  E.  (A  1939)  Pres.  (for  mail) 
Conditioned  Air  Systems,  Inc.,  1209  Washington 
St.,  and  1220  Greenwood  Ave.,  Wilmette,  111. 

DEE,  Leo  H.  (J  1937)  Engr,,  L.  P.  Graner,  Cons. 
Engr.,  40  East  49th  St.,  and  (for  mail)  Shelton 
Hotel,  Lexington  Ave.  at  48th  St.,  New  York, 
N.  Y. 

DEEVES,  Edward  W.  (J  1940)  Partner  (for  mail) 
Fred  Deeves  &  Sons,  1711-17th  Ave.  W.,  and 
2409-33rd  St.  W.,  Calgary,  Alta.,  Canada. 

DEGLER,  Howard  E.*  (M  1938)  Prof.,  Mech. 
Engrg.,  University  of  Texas,  Austin,  Tex. 

DeLAND,  Charles  W.  (M  1924;  /  1923)  Secy.- 
Treas.  (for  mail)  C.  W.  Johnson,  Inc.,  211  N. 
Desplaines  St.,  and  2021  Estes  Ave.,  Chicago,  111. 

DELANY,  John  V.  (J  1941;  5  1938)  Draftsman, 
Sylvania  Industrial  Corp.,  and  (for  mail)  1414 
Prince  Edward  St.,  Fredericksburg,  Va. 

DeLAUREAL,  William  David  (/ 1940)  Air  Cond. 
Sales  Engr.,  Fairbanks  Morse  &  Co.,  and  (for 
mail)  6330  St.  Charles  Ave.,  New  Orleans,  La, 

DELAVAN,  Nelson  B.  (M  1938)  Prop,  (for  mail) 
Delavan  Engineering  Co.,  414-12th  St.,  and  338- 
42nd  St.,  Des  Moines,  la. 


DELL'ORTO,  Luciano  (A  1940;  /  1938)  Engr. 
Refrigerating  Branch,  Ing.  Giuseppe  Dell'Orto,. 
18  Via  Merano,  Milano  (139),  Italy. 

DEMAREST,  Richard  T.  (/  1938)  Sales  Pro- 
motion Dept.  (for  mail)  FiUgibbons  Boiler  Co,, 
Inc.,  101  Park  Ave.,  and  11  Marble  Hill  Ave., 
New  York,  N.  Y. 

DEMETER,  Julius  (A  1939)  Htg.  &  Air  Cond. 
Engr.,  Julio  Donoso  D,  Calle  Lirios  375,  Santiago, 
Chile. 

DEMING,  Roy  E.  (A  1939)  Htg.  Engr.,  Premier 
Furnace  Co.,  and  (for  mail)  107  Jay  St.,  Do- 
wagiac,  Mich. 

DEMPSEY,  Stephen  J.  (A  1938)  Owner,  Stephen 
J.  Dempsey  Co.,  79  Harvard  St.,  P.  0.  Box  714, 
Battle  Creek,  Mich. 

DENHAM,  Howard  S.  (M  1939)  Consulting  Engr.,, 
Cleverdon,  Varney  &  Pike,  46  Cornhill  St., 
Boston,  and  (for  mail)  80  Dexter  St.,  Maiden, 
Mass. 

DENNY,  Harold  R.((A  1934)  Eastern  Merchan- 
dise Mgr.  (for  mail)  American  Blower  Corp., 
50  West  40th  St.,  New  York,  N,  Y.,  and  429 
Edgewood  Ave.,  Westfield,  N.  J. 

DEPPMANN,  Ray  L.  (A  1937)  Pres.  (for  mail) 
R.  L.  Deppmann  Co.,  5853  Hamilton  Ave.,  and 
13201  Clover-lawn  Ave.,  Detroit,  Mich. 

DERER,  Bernard  (A  1940)  Designer  &  Estimator 
— Sheet  Metal  Construction  for  Vtg,  &  Air  Cond,, 
754  East  23rd  St.,  Brooklyn,  N.  Y. 

DeROO,  William  C.  (A  1939)  Research  &  Design- 
ing Engr.  (for  mail)  Hart  £  Cooley  Manufactur- 
ing Co.,  and  567  Central  Ave.,  Holland,  Mich, 

DeSALES,  Monteiro,  Jr.  (M  1939)  Chief  Engr. 
(for  mail)  Isnard  &  Co.,  Rua  de  Lavradie  67 
1°,  and  Rua  Senador  Vergueire  193  2°,  Rio  de 
Janeiro,  Brazil. 

DeSOMMA,  A.  Edward  (J  1937)  Htg.  &  Vtg. 
Engr.,  George  G.  Sharp,  30  Church  St.,  New 
York,  and  (for  mail)  2052  Homecrest  Ave,, 
Brooklyn,  N.  Y. 

Des  REIS,  John  F.  (M  1936)  Regional  Mgr.— 
Latin  America,  Carrier  Corp.,  and  (for  mail) 
409  Wendell  Terrace,  Syracuse,  N.  Y. 

DETERLING,  William  C.  (A  1937)  Sales  Agent 
(for  mail)  General  Electric  Co.,  570  Lexington 
Ave.,  New  York,  and  32  W.  Milton  St.,  Freeport, 

DEVER,  Henry  F.  (M  1936;  A  1935)  Vice-Pres., 
Minneapolis-Honeywell  Regulator  Co.,  and  (for 
mail)  4609  Edina  Blvd.,  Minneapolis,  Minn. 

DeVILBISS,  Parker  T.  (A  1937)  Engr.  (for  mail) 
R.  E.  Griffith  Theatres,  Inc.,  7th  Fl.,  Tower 
Petroleum  Bldg.,  Dallas,  Tex.,  and  Hobbs, 
N.  M. 

DEVLIN,  John  (M  1940)  Partner  (for  mail) 
Devlin  Bros.,  1003  Maritime  Bldg.,  and  706  S. 
Carrollton  Ave.,  New  Orleans,  La, 

DEVORE,  Angus  B.  (A  1937)  Sales  Engr.  (for 
mail)  James  A.  Messer  Co.,  Inc.,  1206  K  St. 
N.  W.,  Washington,  D.  C.,  and  2016  Queens 
Chapel  Rd.,  (Avondale),  Hyattsville,  Md. 

DEWEY,  Ritchie  P.  (M  1934)  Mgr.  Temp. 
Control  &  Uni-Flo  Depts.  (for  mail)  Barber- 
Colman  Co.,  and  2301  Oxford  St.,  Rockford,  111. 

DeWITT,  Earl  S.  (A  1936)  Branch  Mgr.  (for 
mail)  American  Blower  Corp.,  438  Woodward 
Bldg.,  Washington,  D.  C.,  and  3224  Oliver  St. 
N.  W.,  Chevy  Chase,  Md. 

DIAMOND,  David  D.  (J  1937)  Partner  (for  mail) 
Diamond-Neil  Heating  &  Air  Conditioning  Co., 
99  N.  Snelling  Ave.,  and  441  Fairview  Ave.  N., 
St.  Paul,  Minn. 

DIBBLE,  Samuel  E.*  (M  1917)  (Presidential 
Member)  (Pres.,  1925;  1st  Vice-Pres.,  1924;  2nd 
Vice-Pres.,  1923;  Council,  1921-26)  Supt.,  Patton 
School,  Elizabethtown,  Pa. 

DICK,  Andrew  V.  (A  1941;  /  1935)  Partner, 
National  Heating  &  Insulation  Co.,  91  N.  Pearl 
St.,  and  (for  mail)  305  Northern  Blvd.,  Albany, 
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DRIEMEYER,  Ray  C.  (J  1937)  Engr.,  Airtherm 
Mfg.  Co.,  700  S.  Spring  Ave,,  and  (for  mail) 
5410  Vernon  Ave.F  St.  Louis,  Mo. 

DRINKER,  Philip*  (M  1922)  Prof,  of  Industrial 
Hygiene  (for  mail)  Harvard  University,  55 
Shattuck  St.,  Boston,  and  Newton  Center,  Mass. 

DRISCOLL,  William  H.*  (M  1904)  (Presidential 
Member)  (Pres.,  1926;  1st  Vice-Pres.,  1925;  2nd 
Vice-Pres.,  1924;  Treas.,  1923;  Council,  1918-27) 
Vice-Pres.  (for  mail)  Carrier  Corp.,  Syracuse, 
N.  Y.,  and  50  Glenwood  Ave.,  Jersey  City,  N.  J. 

DRUM,  Leo  J.,  Jr.  (J  1939)  Sales  Engr.  (for 
mail)  York  Ice  Machinery  Corp.,  P.  O.  Box  182, 
and  1448  Milner  Crescent,  Birmingham,  Ala, 

DuBOIS,  Louis  J.  (M  1931)  Air  Cond.  Engr., 
York  Ice  Machinery  Corp.,  117  South  llth  St., 
St.  Louis,  and  (for  mail)  7451  Bland  Dr.,  Clayton, 
Mo. 

DUBRY,  Ernest  E.  (M  1924)  Asst.  Supt.,  Central 
Htg.,  Detroit  Edison  Co.,  2000  Second  Ave., 
and  (for  mail)  9116  Dexter  Blvd.,  Detroit,  Mich. 

DuCHATEAU,  Manuel  F.  (J  1938)  Mgr.  Htg. 
Dept.  (for  mail)  Crane  Co.,  Washington  St. 
Viaduct,  and  737  Barnett,  Apt.  A-4,  Atlanta,  Ga. 

DUDLEY,  William  H.,  Jr.  (A  1940)  Dist.  Mgr., 
The  Trane  Co.,  and  (for  mail)  2831  Audubon  St., 
New  Orleans,  La. 

DUFAULT,  Felix  H.  (A  1936)  Mgr.  Furnace  Div., 
Que.  &  Maritime  Provinces  (for  mail)  General 
Steel  Wares,  Ltd.,  2355  Delisle  St.,  and  5115 
Bordeaux  St.,  Apt.  6,  Montreal,  Que.,  Canada. 

DUG  AN,  Thomas  M.  (M  1920)  Sanitary-Htg. 
Engr.,  National  Tube  Co.,  Fourth  Ave.  & 
Locust  St.,  and  (for  mail)  1308  FreemOnt  St., 
McKeesport,  Pa. 

DUITCH,  Paul  R.  (J  1940)  Sales  Engr.  (for  mail) 
Delayan  Engineering  Co.,  414-12th  St.,  and  1406 
Burlington  Terrace,  Des  Moines,  la. 

DULLE,  Willferd  L.  (/  1936)  Asst.  Secy.,  E.  E. 
Souther  Iron  Co.,  1952  Kienlen  Ave.,  St.  Louis, 
and  (for  mail)  2910  Lincoln  Ave.,  Normandy,  Mo. 

DUNCAN,  William  A.  (A  1930)  Mgr.  Process 
Service  (for  mail)  Dominion  Oxygen  Co.,  Ltd., 
159  Bay  St.,  and  71  Jackson  Ave.,  The  Kingsway, 
Toronto,  Ont.,  Canada. 

DUNHAM,  Clayton  A.*  (M  1911)  Pres.  (for  mail) 
C.  A.  Dunham  Co.,  450  E.  Ohio  St.,  Chicago, 
and  150  Maple  Hill  Rd.,  Glencoe,  111. 

DUNLAP,  A.  Lee  (M  1940)  Assoc.  Prof.  Mech. 
Engrg.  (for  mail)  Tulane  University,  and  1318 
Nashville  Ave.,  New  Orleans,  La. 

DUNNE,  Russell  Van  Dyke  (M  1937)  Chief  Engr. 
International  Div.  (for  mail)  Carrier  Corp.,  S. 
Geddes  St.,  and  216  Robineau  Rd.,  Syracuse, 
N.  Y. 

DUPLANT,  Jean  L.  (A  1940)  (for  mail)  Westing- 
house  Electric  Co.  of  India,  294  A  Bazargate  St., 
Bombay,  India,  and  137-43  219th  St.,  Springfield 
Gardens,  L.  L,  N.  Y. 

DUTCHER,  Harvey  S.  (A  1938)  Air  &  Refrigera- 
tion, Inc.,  11  West  42nd  St.,  New  York,  and 
(for  mail)  3420  Clarendon  Rd.,  Brooklyn,  N.  Y. 

DWYER,  Thomas  F.  (M  1923)  Chief  of  Htg.  & 
Vtg.  Div.  (for  mail)  Board  of  Education,  49 
Flatbush  Ave.  Ext.,  Brooklyn,  and  82  Iris  Ave., 
Floral  Park,  L.  I.,  N.  Y. 

DYER,  Wilfrid  S.  (A  1939)  Partner  (for  mail) 
H.  W.  Dyer  &  Son,  and  92  Byron  St.,  Battle 
Creek,  Mich. 

DYKES,  James  B.  (A  1939;  J  1936)  Vice-Pres. 
(for  mail)  T.  A.  Morrison  &  Co.,  Ltd.,  1070 
Bleury  St.,  and  3156  Maplewood  Ave.,  Apt.  15, 
Montreal,  Que.,  Canada. 

E 

EADIE,  John  G.  (M  1909)  Consulting  Engr., 
Eadie,  Freund  &  Campbell  Co.,  110  West  40th 
St.,  New  York,  N.  Y. 

EAGLETON,  Sterling  P.  (M  1936)  Chief  Engr.  & 
Bldg.  Supt.  {for  mail)  National  Gallery  of  Art, 
Seventh  &  Constitution  Ave.,  and  (for  mail) 
3522  S  St.  N.  W.,  Washington,  D.  C. 


EARL,  Warren  (4  1936)  Vice-Pres.  &  Chief  Engr., 
Esko  Manufacturing  Corp.,  3409-11  McKinney, 
and  (for  mail)  515  Fargo,  Houston,  Tex. 

EARLE,  Frederic  E.  (M  1937)  Owner  (for  mail) 
Frederic  E.  Earle  Co.,  898  Norman  St.,  Bridge- 
port, and  1536  Main  St.,  Stratford,  Conn. 

EASTMAN,  Carl  B.  (M  1932;  J  1929)  Sales  Engr. 
(for  mail)  C.  A.  Dunham  Co.,  1500  Walnut  St., 
Philadelphia,  and  530  Brookview  Lane,  Upper 
Darby  P.  O.,  Pa. 

EASTWOOD,  E.  O.  (M  1921)  (2nd  Vice-Pres,,, 
1940;  Council,  1937-40)  Prof,  of  Mech.  Engrg,, 
Dir.  Aero.  Engrg.  (for  mail)  University  of  Wash- 
ington, and  4702-12th  Ave.  N.  E.,  Seattle,  Wash. 

EASTWOOD,  Harry  F.  (M  1925)  Mgr.  Anthracite 
Eauipment  Exhibit,  Anthracite  Industries,  Inc., 
Chrysler  Bldg.,  and  101  Park  Ave.,  New  York,, 
and  (for  mail)  157  Frankel  Blvd.,  Merrick,  L.  I.,, 
N.  Y. 

EATON,  Byron  K.  (M  1920)  Htg.  &  Air  Cond. 
Sales  Mgr.,  Major  Appliance  Co.,  2558  Farnam 
St.,  and  (for  mail)  817  South  38th  St.,  Omaha, 
Nebr. 

EATON,  William  G.  M.  (A  1934)  Sales  Engr., 
Pease  Foundry  Co.,  Ltd.,  227  Victoria  St.,  andl 
(for  mail)  300  Wellesley  St.,  Toronto,  Ont., 
Canada. 

EBERT,  William  A.  (M  1920)  Partner  (for  mail)' 
Ebert  Air  Conditioning,  1026  W.  Ashby  PI.,, 
and  2151  W.  Kings  Highway,  San  Antonio,  Tex. 

EDER,  James  (J  1940)  (for  mail)  Walker  &  Eder, 
Inc.,  37  West  39th  St.,  and  29  Washington  Sq,, 
New  York,  N.  Y, 

EDGE,  Alfred  J.  (M  1938)  Engr.  in  charge  Htg. 
&  Air  Cond.  (for  mail)  John  F,  Reynolds,  Cons. 
Engr.,  Rm.  316,  Duval  Bldg.,  and  2864  Olgo 
PI.,  Jacksonville,  Fla. 

EDWARDS,  Arthur  W.  (M  1930)  Diat.  Mgr.,  The 
Trane  Co.,  626  Broadway,  and  (for  mail)  342ft 
Paxton  Ave.,  Cincinnati,  O. 

EDWARDS,  Don  J.  (A  1933)  Vice-Pres.  (for 
mail)  General  Heat  &  Appliance  Co.,  590  Com- 
monwealth Ave.,  Boston,  and  8  Devon  Terrace, 
Newton,  Mass. 

EDWARDS,  Junlus  D.*  (M  1936)  Aaat,  Dir.  of 
Research  (for  mail)  Aluminum  Research  Labora- 
tories, Aluminum  Co.  of  America,  P.  0.  Box  772, 
New  Kensington,  and  536  Sixth  St.,  Oakmont, 
Pa. 

EDWARDS,  Paul  A.  (M  1919)  Pres.  (for  mail) 
G.  F.  Higgins  Co.,  608  Wabash  Bldg.,  Pittsburgh, 
and  3074  Pinehurst  Ave.,  Dormont,  Pa. 

EGGLESTON,  Herbert  L.  (M  1938)  Mgr. 
Natural  Gas  &  Refining  Depts.,  Gilmore  Oil  Co.,. 
2423  East  28th  St.,  Los  Angeles,  and  (for  mail) 
1017  Cumberland  Rd.,  Glendale,  Calif. 

EHLERS,  Jacobus  (A  1939;  J  1937)  Resident 
Engr.  (for  mail)  Carrier  Engrg,  South  Africa, 
Ltd.,  P.  O.  Box  3013  and  Berea,  Camps  Bay, 
Cape  Town,  South  Africa. 

EHRLICH,  M.  William*  (M  1916)  Chief  Engr., 
Commodore  Heaters  Corp.,  11  West  42nd  St.. 
New  York,  N.  Y,,  and  (for  mail)  56  Ridge  Rd.,, 
Lyndhurst,  N.  J. 

EICHER,  Hubert  C.  (M  1922)  Chief,  School 
Plant  Div.,  Dept.  of  Public  Instruction,  State 
Capitol,  and  (for  mail)  207  North  30th  St.,, 
Harrisburg,  Pa. 

EISELE,  Dudley  E.  (A  1938)  Owner  (for  mail) 
Eisele  Engineering  Co,,  427  W.  College  Ave., 
and  1735  N.  Morrison  St.,  Appleton,  Wis. 

EISS,  Robert  M.  (M  1933;  J  1930)  Mech.  Engr., 
Kimberly-Clark  Corp.,  and  (for  mail)  Rte.  1, 
Adella  Beach,  Neenah,  Wis. 

EKINGS,  Robert  M.,  Jr.  (M  1938)  Air  Cond, 
Engr.,  General  Electric  Co.,  5  Lawrence  St., 
Bloomneld,  and  (for  mail)  233  Prospect  St., 
Apt.  5D,  East  Orange,  N.  J. 

EKLUND,  Gaylord  Paul  (S  1940)  Student  (for 
mail)  University  of  Minnesota,  Pioneer  HalU 
Minneapolis,  Minn.,  and  612  Bohm  St.,  Rock-- 
ford, 111. 


ROLL  OF  MEMBERSHIP 


EKLUND,  Karl  G.  (M  1938)  Consulting  Engr. 
(for  mail)  Karl  G.  Eklunds  Ingeniorebyra, 
Brunkcbergstorg  15,  and  Storangen,  Stockholm, 
Sweden. 


,  Ralph  (J  1940)  Design  Engr.,  Leo  S. 

Weil  &  Walter  B.  Moses,  425  S.  Peters  St.,  and 

(for  mail)  2222  Dublin  St.,  New  Orleans,  La. 
ELLINGWOOD,  Elliott  L.  (M  1909)  Consulting 

Engr.  (for  mail)  124  W.  Fourth  St.,  Rm.  700, 

Los  Angeles,  and  210  S.  Los  Robles  Ave.,  Pasa- 

dena, Calif. 
ELLIOT,  Edwin  (M  1929)  (for  mail)  Edwin  Elliot 

&  Co.,  560  North  16th  St.,  and  403  W.  Price  St., 

Germantown,  Philadelphia,  Pa. 
ELLIOTT,  Irwin  (A  1937)  Chief  Engr.,  Universal 

Oven  Co.,  271  Broadway,  New  York,  and  (for 

mail)  103  Penfield  Avc.,  Croton,  N.  Y. 
ELLIOTT,   Louis    (M   1932)    Consulting  Mech. 

Engr.,  Ebasco  Services,  Inc.,  2  Rector  St.,  Rm. 

1530,  New  York,  N.  Y. 
ELLIOTT,   Norton   B.    (A    1934)   Sales   Engr., 

American    Blower    Corp.,    632    Fisher    Bldg., 

Detroit,  Mich. 
ELLIS,  Fred  E.  (M  1923)  Sales  Mgr,  (for  mail) 

Imperial  Iron  Corp.,  Ltd.,  30  Jefferson  Ave,, 

and  9  Princeton  Rd.,  Toronto,  Ont.,  Canada. 
ELLIS,  Frederic  R.  (M  1913)  Buerkel  &  Co.,  Inc., 

18-24  Union  Park  St.,  Boston,  and  (for  mail)  131 

Beacon  St.,  Hyde  Park,  Mass. 
ELLIS,  Gershom  P.  (M  1935)  Diet.  Mgr.,  Com- 

bustion Engineering  Co.,   Inc.,  and   (for  mail) 

1118  Delta  Ave.,  Cincinnati,  O. 
ELLIS,  George  W.  (J  1940)  Engr.,  Acme  Heating 

&  Ventilating  Co.,  4224  S.  Lowe  Ave.,  and  (for 

mail)  4004  S.  Artesian,  Chicago,  111. 
ELLIS,  Harry  W.  (Life  Member;  M  1923;  A  1909) 

Chairman  of  the  Board,   Johnson  Service  Co., 

507  E.   Michigan  St.,  and  (for  mail)  2317  E. 

Wyoming  PI.,  Milwaukee,  Wis. 
ELWOOD,  Willis  H.  (M  1936)  Br.  Mgr.,  Holland 

Furnace  Co.,  209  King  St.,  Ithaca,  N.  Y. 
ELY,   Roland   S.    (S   1940)    Student,   Michigan 

State  College,  and  (for  mail)  525  Charles  St., 

East  Lansing,  Mich, 
EMANUELS,  Mason  (J  1939)  Sales  Engr.,  PaciEc 

Scientific  Co.,  25  Stillman  St.,  San  Francisco, 

and  (for  mail)  2516  Stockbridge  Dr.,  Oakland, 

Calif. 
EMERSON,  Ralph  R.  (M  1922)  Pres.,  Emerson 

Swan  Goodyer  Co.,  712  Beacon  St.,  Boston,  and 

(for  mail)  44  Whitney  Rd.,  Newtonville,  Mass. 
EMMERT,  Luther  IX  (M  1919)  Sales  Engr.  (for 

mail)   Buffalo  Forge  Co.,  20  N.  Wacker  Dr., 

Chicago,  and  1740  Hinman  Ave.,  Evanston,  111. 
ENDERS,  Clarence  E.   (A  1938)  Mgr.  &  Engr. 

(for  mail)  Electrol  Oil  Burner  Co,,  417   S.  E. 

Clay,  and  1813  Southeast  60th  Ave.,  Portland, 

Ore. 
ENGDAHL,  Richard  B.*  (J  1938)  Special  Re- 

search Aast.  (for  mail)  University  of  Illinois,  102 

Mech.  Bngrg,  Lab.,  and  1108  W.  Stoughton, 

Urbuna,  111. 
ENGLE,  Alfred  (A  1923)  Secy,  (for  mail)  Jenkins 

Bros.,  80  White  St.,  New  York,  and  1  Edgewood 

Rd.,  Scaradale,  N.  Y. 
ENGLISH,  Harrold  (M  1936;  A  1930)  Pres.  (for 

mail)  English  &  Lauer,  Inc.,  1978  S.  Los  Angeles 

St.,  and  615  S.  Norton,  Los  Angeles,  Calif. 
ENSIGN,  Willis  A.  (M  1935)  Vice-Pres.,  Frontier 

Engineering    Corp.,    986    Elllcott    Sq.    Bldg., 

Buffalo,  and  (for  mail)  Shadagee  Rd.,  Eden,  N.  Y. 
ERIOKSON,  Harry  H.  (A  1929)  Sales  Engr.  (for 

mail)    Haynea   Selling   Co.,    Inc.,    1124   Spring 

Garden  St.,  Philadelphia,  and  25  Eagle  School 

Rd.,  Strafford,  Pa. 
ERICSSON,  Eric  B.  (M  1933)  Engr.-Custodian, 

Board  of  Education,  and  (for  mail)  605  West 

11  Oth  St.,  Chicago,  111. 
ERIKSON,  Harald  A.  (M  1939)  Vice-Pres.,  A.  B. 

Svenaka  Flaktfabrlken,  Kungsgatan  16-18,  Stock- 

holm   7,    and    (for    mail)    Nockebyvagen    61, 

Nockeby,  Sweden. 


ERISMAN,  Percival  H.,  Jr.  (M  1936)  Vice-Pres. 
(for  mail)  Washington  Refrigeration  Co.,  1733 
14th  St.  N.  W.,  Washington,  D.  C.,  and  4 
Waltonway  Rd.,  Belle  Haven,  Alexandria,  Va. 

ESGHENBAGH,  Samuel  P.  (/  1935)  1st  Lt.  62nd 
C.  A.  (A.  A.),  Fort  Totten,  S.  I.,  N.  Y. 

ESPENSCHIED,  Frederic  F.  (M  1940)  Sales 
Engr.,  410  Hill  Bldg.,  and  (for  mail)  3373 
Stuyvesant  PI.  N.  W.,  Washington,  D.  C. 

ESSEX,  Jesse  L.  (M  1940)  Chief  Insulation  & 
Paint  Div.,  Armco  International  Corp.,  Middle- 
town,  O. 

ESTEP,  Leslie  G.  (M  1936)  Chief  Engr.,  United 
Wall  Paper  Factories,  Inc.,  Chicago,  and  (for 
mail)  314  N.  Kensington  Ave.,  La  Grange  Park, 
111. 

ESTES,  Edwin  C.  (A  1936)  Mech.  Draftsman  (for 
mail)  Northern  Pacific  Ry.,  General  Office, 
St.  Paul,  and  Victoria  Rd.,  Mendota,  Minn. 

EUTSLER,  Eugene  Ernest  (J  1938)  Sales  Engr,, 
Buffalo  Forge  Co.,  1801  Tower  Petroleum  Bldg., 
Dallas,  Tex. 

EVANS,  Bruce  L.  (M  1938;  A  1937)  Design 
Engr.  &  Service  Mgr.  (for  mail)  Oil  Heat,  Inc., 
3804  W.  Pine  Blvd.,  and  6334  Waterman  Ave., 
St.  Louis,  Mo. 

EVANS,  Edwin  C.  (M  1919)  Sales  Engr.  (for  mail) 
B.  F.  Sturtevant  Co.,  607  Eckel  Bldg.,  and  307 
Montgomery  St.,  Syracuse,  N.  Y. 

EVANS,  Richard  W.  (M  1940)  (for  mail)  Con- 
ditioned Air  Equipment  Co.,  2455  University 
Aye.,  St.  Paul,  and  1912  Emerson  Ave.  S., 
Minneapolis,  Minn. 

EVANS,  William  A.  (M  1918)  Diet.  Mgr.  (for 
mail)  Aerofin  Corp.,  1121  Fidelity  Bldg.,  Cleve- 
land, and  3642  Winchell  Rd.,  Shaker  Heights, 
Cleveland,  O. 

EVELETH,  Charles  F.*  (M  1911)  Wilbur  Watson 
&  Associates,  Cons.  Engrs.,  4614  Prospect  Ave., 
and  (for  mail)  2030  East  115th  St.,  Cleveland,  O. 

EVEREST,  R.  Harry  (M  1935)  Engrg.  &  Sales, 
Sheldons,  Ltd.,  Gait,  and  (for  mail)  235  Waterloo 
St.,  Preston,  Ont.,  Canada. 

EVERETTS,  John,  Jr.*  (M  1938;  A  1935;  J  1929) 
Frigidaire  Div.,  General  Motors  Sales  Corp..  300 
Taylor  St.,  and  (for  mail)  110  Oak  Knoll  Dr., 
Dayton,  0. 

EWENS,  Frank- G.*  (M  1937)  Htg.  Engr.,  Defense 
Industries,  Ltd.,  1155  Beaver  Hall  Sq.,  and  (for 
mail)  Apt.  14,  4800  Cote  DCS  Neiges,  Montreal, 
Que,,  Canada. 

EZZ-EL-DIN,  Kamal  (A  1941;  /  1938)  78  Helwan 
St.,  Mounirah,  Cairo,  Egypt. 


FABER,  Oscar  (M  1934)  Hayes  Court,  Hayes 
Lane,  Kenley,  Surrey,  England. 

FABLING,  Walter  D.  (A  1937)  Sales  Mgr.  (for 
mail)  Sterling  Electric  Motors,  Inc.,  5401  Tele- 
graph Rd.,  Los  Angeles,  and  1950  Del  Mar  Ave., 
San  Marino,  Calif. 

FAGINT  Daniel  J.  (M  1932)  Chief  Sales  Engr. 
(for  mail)  Laclede  Gas  Light  Co.,  1017  Olive 
St.,  and  5840  Lindenwood  Ave.,  St.  Louis,  Mo. 

FAHNESTOGK,  Maurice  K.*  (M  1927)  Research 
Assoc.  Prof,  in  Mech.  Engrg.  (for  mail)  University 
of  Illinois,  214  Mech.  Engrg.  Lab.,  and  702  W. 
Vermont  St.,  Urbana,  111. 

FAILE,  Edward  H.  (M  1934)  Consulting  Engr. 
(for  mail)  608  Fifth  Ave.,  New  York,  N.  Y., 
and  R.  F.  D.  1,  Westport,  Conn. 

FALK,  David  S.  (J  1937)  Sales  Engr.,  The  Trane 
Co.,  8310  Woodward  Ave.,  and  (for  mail)  20 
East  Euclid,  Apt.  416,  Detroit,  Mich. 

FALTENBACHER,  Harry  J.  (U  1930)  Owner, 
Harry  J.  Paltenbacher,  Inc.,  235  E.  Wister  St., 
Philadelphia,  Pa. 

FALVEY,  John  D.  (M  1922)  Consulting  Engr. 
(for  mail)  316  N.  Eighth  St.,  St.  Louis,  and  6636 
Pershing  Ave.,  University  City,  Mo. 
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FAMILETTI,  A.  Robert  (M  1938;  / 1930)  Assoc. 

Mech.  Engr.,  Industrial  Dept.,  Navy  Yard,  and 

(for  mail)  2230  Tasker  St.,  Philadelphia,  Pa. 
FARBER,  Louis  M.*  (4  1940;  J  1936)  Engr.  (for 

mail)  Natkin  &  Co.,  1800  Baltimore,  and  3714 

Flora  Ave.,  Kansas  City,  Mo. 
FARLEY,  W.  F.  (M  1930)  Sales  Repr.,  American 

Radiator  &  Standard  Sanitary  Corp,,  50  West 

40th  St.,  New  York,  and  (for  mail)  28  Elm  St., 

New  Rochelle,  N.  Y. 
FARNES,  Bert  W.  (A  1938)  Vice-Pres.   &  Gen. 

Mgr.   (for  mail)    Control   Equipment  Co.,   304 

Selling  Bldg,,  and  3565  N.E.  Hollyrood  Court, 

Portland,  Ore. 
FARNHAM,  Roswell  (M  1920)  (Council,  1927-33) 

Dist.  Mgr,  Engrg.  Sales  (for  mail)  Buffalo  Forge 

Co.,  P.  O.  Box  985,  and  5  Clarendon  PI.,  Buffalo, 

N.  Y. 
FARRAR,  Cecil  W.  (M  1920;  A  1918)   (Treas., 

1930:  Council,  1930)  Vice-Pres.,  W.  A.  Case  & 

Son  Mfg.  Co.,  31  Main  St.,  and  (for  mail)  29 

Oakland  PI..  Buffalo,  N.  Y. 
FARRINGTON,  S.  Edward  (M  1940)  Designer 

(for  mail)  Moody  &  Hutchison,  1701  Architects 

Bldg.,  and  3123  Rawle  St.,  Philadelphia,  Pa. 
FARROW,    Ernest   E.    (A    1938)    Pies.,    E.   E, 

Farrow,  Inc.,  2808  Inwood  Rd.,  and  (for  mail) 

1518  Kings  Highway,  Dallas,  Tex. 
FARROW,   Hollis  L.    (J   1937)   Stokol  Stokers 
.  Engr.,  Sprague,  Breed,  Stevens  &  Newhall,  Inc., 

135  Broad  St.,  and  (for  mail)  910  Lynnfield  St., 

Lynn,  Mass. 
FATZT  Joseph  L.  (M  1935)  Htg.  &  Vtg.  Engr., 

Board  of  Education,  228  N.  LaSalle  St.,  Rm. 

536,  and  (for  mail)  5914  W.  North  Ave.,  Chicago, 

FAUST,  Frank  H.*  (M  1936;  J  1930)  Air  Cond.  & 
Commercial  Refrigerating  Dept.  (for  mail) 
General  Electric  Co.,  5  Lawrence  St.,  Bloomfield, 
and  239  Vreeland  Ave.,  Nutley,  N".  J. 

FAXON,  Harold  C.  (M  1937)  Engr.  Appliance 
Section  (for  mail)  Borneo  Co.,  Ltd.,  Mercantile 
Bank  Bldg.,  and  73  Grange  Rd.,  Singapore, 
Straits  Settlements. 

FEAR,  S.  Lome  (M  1938)  Asst.  Mech.  Engr. 
(for  mail)  Hydro  Electric  Power  Commission  of 
Ontario,  620  University  Ave.,  Toronto,  and  (for 
mail)  18  Vesta  Dr.,  Toronto  10,  Ont.,  Canada. 

FEBREY,  Ernest  J.  (Life  Member;  M  1903)  Pres. 
(for  mail)  E.  J.  Febrey  &  Co.,  Inc.,  616  New  York 
Ave.  N.  W.,  and  2331  Cathedral  Ave.  N.  W., 
Washington,  D.  C. 

FEDDERS,  MeMn  P.  (M  1938)  Chief  Test  Engr., 
Minneapolis-Honeywell  Regulator  Co.,  2747 
Fourth  Ave.  S.,  and  (for  mail)  5212  W.  Nokomis 
Pkwy.,  Minneapolis,  Minn. 

FEDER,  Nathan  (/  1938)  Proprietor  (for  mail) 
East  Side  Sheet  Metal  Co.,  403  East  74th  St.,  and 
3525  Decatur  Ave.P  New  York,  N.  Y. 

FEEHAN,  J.  B.  (Life  Member;  M  1923)  Pres.- 
Treas.  (for  mail)  John  B.  Feehan,  Inc.,  58  Spring 
St.,  Lynn,  and  4  Long  View  Dr.,  Marblehead,  Mass. 

FEELY,  Frank  J.  (M  1935;  A  1929)  Mgr.  of  Sales, 
Taylor  Supply  Co.,  700  Monroe  Ave.,  Detroit, 
and  (for  mail)  950  Trombley  Rd.,  Grosse  Pointe 
Park,  Mich. 

FEHLIG,  John  B.  (Life  Member;  M  1918)  Mgr. 
(for  mail)  Excelsior  Furnace  Co.  Div.,  528  Dela- 
ware St.,  and  2927  Brooklyn  Ave.,  Kansas  City, 
Mo. 

FEHLIG,  John  B.,  Jr.  (A  1941)  Sales  Mgr., 
Excelsior  Htg.  Supply  Div.,  528  Delaware,  and 
(for  mail)  1194  East  65th  St.,  Kansas  City,  Mo. 

FEINBERG,  Emanuel  (J  1937)  Gen.  Mgr.  (for 
mail)  Thermalair  Engineering  Co.,  439  Penobscot 
Bldg.,  and  3359  Cortland  Ave.,  Detroit,  Mich. 

FEIRN,  William  H.  (M  1938)  Engr.,  C.  A. 
Hooper  Co.,  453  W.  Gilman  St.,  and  (for  mail) 
Shorewood  Hills,  Madison,  Wis. 

FELDERMANN,  William  (A  1937)  Pres.  (for 
mail)  Walton  Laboratories,  Inc.,  1186  Grove  St., 
Irvington,  and  357  Irving  Ave.,  South  Orange, 


FELDMAN,  A.  M.*  (Life  Member;  M  1903) 
Consulting  Engr.,  320  Central  Park  West,  New 
York,  N.  Y. 

FELDSTEIN,  Harold  (J  1938)  1807  Eighth  St., 
Brownwood,  Tex. 

PELS,  Arthur  B.  (M  1919)  Pres.  (for  mail) 
The  Fels  Co.,  42  Union  St.,  Portland,  and 
Yarmouth,  Me. 

FELTWELL,  Robert  H.  (Life  Member;  M  1905)' 
Htg.  Engr.,  U.  S.  Radiator  Corp.,  2321  Fourth 
St.  N.  E.t  and  (for  mail)  1370  Oak  St.  N.  W., 
Washington,  D.  C. 

FENNER,  N.  Paul  (A  1928)  Dist.  Office  Mgr.  (for 
mail)  Hoffman  Specialty  Co.,  130  N,  Wells  St., 
Chicago,  and  168  Avon  Rd.,  Elmhurst,  111. 

FENSTERMAKER,  Sidney  E.  (M  1909)  Partner 
(for  mail)  S.  E.  Fenatermaker  &  Co.,  937  Archi- 
tects &  Builders  Bldg.,  Indianapolis,  and  Carmel, 
Ind, 

FERDERBER,  Dr.  Murray  B.*  (M  1938)  Fellow 
of  Dept.  of  Industrial  Hygiene,  University  of 
Pittsburgh  Medical  School,  and  (for  mail)  5722 
Fifth  Ave.,  Pittsburgh,  Pa. 

FERGESTAD,  Marvin  L.  (M  1938;  J  1935)  Sales- 
Engr.,  Paciiic  Lumber  Co.,  35  E.  Wacker  Dr.f 
Chicago,  111.,  and  (for  mail)  4013  Lincoln  Place 
Dr.,  Des  Moines,  la. 

FERGUSON,  Ralph  R.  (M  1934;  A  1927;  J  1925) 
Mgr.  Air  Cond.  Dept.,  American  Blower  Corp., 
50  West  40th  St.,  New  York,  N,  Y,,  and  (for 
mail)  160  Prospect  St.,  East  Orange,  N.  J. 

FERRARINI,  Joseph  (A  1939:  J  1937)  Confiden- 
tial Staff  Asst.,  Washington  Gas  Light  Co,,  411 
Tenth  St.  N.  W.,  Washington,  D.  C.,  and  (for 
mail)  1728  Queen's  Lane,  Apt.  180,  Colonial 
Village,  Arlington,  Va. 

FIDELIUS,  Walter  R.  (M  1936)  Sales,  Fitz- 
gibbons  Boiler  Co.,  Inc.,  101  Park  Ave.,  New 
York,  and  (for  mail)  135  Amerafort  PL,  Brooklyn, 

FIEDLER,  Harry  W.  (M  1923)  Owner  (for  mail) 
Air  Conditioning  Utilities  Co,,  8  West  40th  St., 
New  York,  and  16  Dobbs  Terrace,  Scarsdale,  N.  Y. 

FIFE,  G.  Donald  (M  1937;  A  1931:  J  1929)  Air 
Cond.  Engr.,  Architect  of  the  Capitol,  and  (for 
mail)  211  Delaware  Ave.,  Washington,  D.  C. 

FIGGIS,  Thomas  G.  (A  1037:  /  1936)  Tech.  Sales 
Engr.,  J.  &  E.  Hall,  Ltd,,  Dartford  Ironworks, 
Kent,  England. 

FINERAN,  Edward  V.  (A  1940;  J  1935)  Mgr. 
Industrial  Dept.,  Washington  Gas  Light  Co., 
411  Tenth  St.  N,  W.,  Washington,  D.  C.,  and  (for 
mail)  305  Edgewood  Ave.,  Silver  Spring,  Md. 

FINNEY,  Brandon  (M  1937)  Tech.  Engr., 
Southern  Water  Heater  Corp,,  1000  N.  Alameda, 
Compton,  and  (for  mail)  721  Via  de  La  Pass, 
Pacific  Palisades,  Calif. 

FINNIGAN,  William  T.  (M  1939)  Mgr.  and  Engr. 
(for  mail)  Finnigan  Bros.,  1421  Southeast  20th 
Ave.,  and  1634  Southeast  20th  Ave.,  Portland,  Ore. 

FIRESTONE,  Maurice  T.  (M  1939)  Mgr.  of 
Dealers  Northeastern  Dist.  (for  mail)  Carrier 
Corp.,  Chrysler  Bldg.,  New  York,  N,  Y.,  and 
1365  Rlttenhouse  St.  N.  W.,  Washington,  D.  C. 

FISCHER,  Frank  P.  (A  1940)  Prop,  (for  mail) 
Frank  P.  Fischer  Engineering  Co.,  412  Dryades 
St.,  and  1820  Audubon  St.,  New  Orleans,  La. 

FISCHER,  Lawrence  W.  (J  1937)  Production 
Mgr.,  Anemostat  Corp.  of  America,  10  East 
39th  St.,  New  York,  and  (for  mail)  91  Islip  Ave., 
Islip,  L.  I.,  N.  Y. 

FISHER,  John  T.  (J  1936)  Chief  Engr.  (for  mail) 
United  Equipment  &  Supply  Co,,  1812  M  St. 
N.  W.,  and  1709-19th  St,  N,  W,,  Washington, 

FITTS,  Joseph  C.  (M  1930)  Secy.,  Heating, 
Piping  &  Air  Conditioning  Contractors  National 
Association,  1250  Sixth  Ave.,  New  York,  N.  Y., 
and  (for  mail)  215  Kenilworth  Rd,,  Ridgewood, 
N.  J. 

FI??'  i8*11,  C-  W  1924)  En&-  &  Estimator, 
J.  L.  Murphy,  Inc.,  340  East  44th  St.,  New  York, 
and  (for  mail)  405  Webster  Ave.,  New  Rochelle, 
N.  Y. 


26 


ROLL  OF  MEMBERSHIP 


FITZGERALD,  Matthew  J.  (M  1934)  Secy,- 
Treas.,  Standard  Asbestos  Manufacturing  Co., 
820  W.  Lake  St.,  Chicago,  and  (for  mail)  1117  N. 
Linden  Ave.,  Oak  Park,  111. 

FITZ  GERALD,  William  E.  (J  1936;  5  1935) 
Pres.  &  Gen.  Mgr.,  Fitz  Gerald  Plumbing  & 
Heating  Co.,  Inc.,  939-41  Louisiana  Ave.,  and 
(for  mail)  1905  Gilbert  St.,  Shreveport,  La. 

FITZSIMONS,  J.  Patrick  (XI  1940;  J  1934;  S 
1932)  Mgr.  Air  Cond.  Dept.  (for  mail)  Trane  Co. 
of  Canada,  Ltd,,  4  Mowat  St.,  and  927  St.  Clair 
Ave.  W.,  Toronto,  Ont.,  Canada. 

FLANAGAN,  James  B.  (A  1939)  Sales  Mgr.  (for 
mail)  Warden- King,  Ltd.,  2104  Bennett  Ave.,  and 
4244  Weathill  Ave.,  Montreal,  Que.,  Canada. 

FLARSHEIM,  Clarence  A.  (A  1940;  J  1933) 
P.  O.  Box  56,  and  (for  mail)  3720  Holmes  St., 
Kansas  City,  Mo. 

FLEAK,  William  D.  (A  1938)  Lab.  Engr.,  Indus- 
trial Training  Institute,  2141  Lawrence  Ave.,  and 
(for  mail)  4535  N,  Mozart  St.,  Chicago,  111. 

FLEISHER,  Walter  L.*  (M  1914)  (1st  Vice-Pres., 
1940;  2nd  Vice-Pres.,  1939;  Council,  1936-40) 
Consulting  Engr.  (for  mail)  11  West  42nd  St., 
New  York,  and  Saw  Mill  Farm,  New  City,  N.  Y. 

FLINK,  Carl  H.  (M  1923)  Mech.  Engr.  (for  mail) 
American  Radiator  Sc  Standard  Sanitary  Corp., 
675  Bronx  River  Road,  Yonkers,  and  111  Mag- 
nolia Ave.,  Mt.  Vernon,  N.  Y. 

FLINT,  Coll  T.  (M  1919)  Sales  Mgr.  (for  mail) 
H.  B.  Smith  Co.,  Inc.,  C40  Main  St.,  Cambridge, 
and  8  Searle  Ave.,  Brookline,  Mass. 

FLORETH,  John  J.  (M  1939)  Mgr,,  Air  Cond. 
Div.  Westcrlin  &  Campbell  Co.,  1113  Cornelia, 
and  (for  mail)  5718  N.  Richmond  Ave.,  Chicago, 
111. 

FLUCKEY,  Kenneth  N.  (J  1940)  Lab.  Asst., 
Washington  Gas  Light  Co.,  411  Tenth  St.  N.  W., 
and  (for  mail)  417  W.  Clifton  Terrace  Apta., 
Washington,  D.  C. 

FOERSTNER,  George  C.  (A  1938)  Mgr.,  Amana 
Society,  Amana,  la. 

FOGG,  Joseph  H.  (J  1940)  Sales  Engr.  (for  mail) 
B.  F.  Sturtevant  Co.,  713  Mills  Bldg,,  Washing- 
ton, D.  C.,  and  214  E.  Belief onte  Ave.,  Alex- 
andria, Va. 

FOLEY,  Daniel  F.  (M  1939;  A  1937)  Sales  Engr., 
Purch.  Div.,  U.  S.  Supply  Co.,  1315  West  12th 
St.,  Kansas  City,  Mo.,  and  (for  mail)  122  Spruce 
St.,  Leavenworth,  Kan. 

FOLEY,  John  J.  (A  1938)  Pres.  (for  mail) 
Weathermakers  (Canada)  Ltd.,  593  Adelaide  St. 
W.,  and  46  Castle  Knock  Rd.,  Toronto,  Ont., 
Canada. 

FOLEY,  J.  Lester  (M  1938)  Prectpitron  Specialist, 
Weetinghouse  Electric  &  Manufacturing  Co.,  306 
Fourth  Ave.,  Pittsburgh,  Pa.,  and  (for  mail) 
8567  Riedham  Rd.,  Shaker  Heights,  0. 

FOLSOM,  Rolfe  A.  (M  1938)  Vice-Pres.  (for  mail) 
W.  R.  Ames  Co.,  150  Hooper  St.,  San  Francisco, 
and  2411  Easton  Dr,,  Burlingame,  Calif. 

FOOTE,  Earle  E.  (M  1930)  Gen.  Supt,  Consumers 
Central  Heating  Co.,  108  East  llth  St.,  and  (for 
mail)  3412  North  28th  St.,  Tacoma,,  Wash. 

FOOTE,  James  H.,  Jr.  (5  1940)  Student,  Michi- 
gan State  College,  East  Lansing,  and  (for  mail) 
Okemoa,  Mich, 

FORBES,  Homer  B.,  Jr.  (J  1941;  5  1938)  Sales 
Engr.  (for  mail)  Niagara  Blower  Co,  407  S. 
Dearborn  St.,  and  3218  Balmoral  Ave.,  Chicago, 
111. 

FORDERBRUGGEN,  Kevin  J.  (A  1941;  J  1938) 
Engr.  (for  mail)  Minnesota  Valley  Natural  Gas 
Co.,  222  S.  Front  St.,  and  Ben  Pay  Hotel, 
Mankota,  Minn, 

FORFAR,  Donald  M.  (M  1917)  Mech.  Engr., 
Grinnell  Co.,  Inc.,  240  Seventh  Ave.  S.,  and  (for 
mail)  4817  Emerson  Ave.  S.,  Minneapolis,  Minn. 

FORRESTER,  Norman  J.  (A  1936)  Mgr.  Con- 
tract Div.,  Garth  Co.,  750  Belair  Ave.,  and  (for 
mail)  4800  Westmore  Ave.,  Montreal,  Que., 
Canada. 


FORSBERG,  William  (M  1919)  Secy.  &  Supt. 
(for  mail)  The  Hopson  &  Chapin  Manufacturing 
Co.,  231  State  St.,  New  London,  and  Quaker 
Hill,  Conn. 

FORSLUND,   Oliver  A.    (M  1936)    Gen.   Mgr., 

,  Forslund  Pump  &  Machinery  Co.,  1717-19  Main 
St.,  and  (for  mail)  108th  St.  &  State  Line, 
Kansas  City,  Mo. 

FOSS,  Edwin  R.  (A  1936)  Dist.  Mgr.  (for  mail) 
The  Powers  Regulator  Co.,  407  Bona  Allen  Bldg., 
and  257  Boiling  Rd.  N.  E.,  Atlanta,  Ga. 

FOSTER,  Charles  (M  1923)  Consulting  Engr. 
(for  mail)  316  Medical  Arts  Bldg.,  and  2831  E. 
First  St.,  Duluth,  Minn. 

FOSTER,  James  M.  (M  1930;  A  1920)  Owner  (for 
mail)  J.  M.  Foster,  4485  Olive  St.,  St.  Louis,  and 
7021  Lindell  Ave.,  University  City,  Mo. 

FOSTER,  John  G.  (J  1938)  Sales  Engr.  (for  mail) 
Air  Conditioning  Utilities  Co.,  8  West  40th  St., 
and  2635  Sedgwick  Ave.,  New  York,  N.  Y. 

FOSTER,  Philip  H.  (see  Special  Service  Roll, 
p.  73). 

FOULDS,  P.  A.  L.  (M  1916)  Partner  (for  mail) 
Hubbard,  Rickerd  &  Blakeley,  Cons.  Engrs., 
110  State  St.,  Boston,  and  72  Whitin  Ave., 
Revere,  Mass. 

FOWLES,  Harry  H.  (A  1940;  /  1934)  Htg.  Engr. 
(for  mail)  Carman-Thompson  Co.,  12-14  Lincoln 
St.,  Lewiston,  and  176  Summer  St.,  Auburn,  Me. 

FOX,  Ernest  (M  1935)  Asst.  Engr.  (for  mail) 
C.  A.  Dunham  Co.,  Ltd.,  1523  Davenport  Rd., 
and  409  Glenholme  Ave.,  Toronto,  Ont.,  Canada. 

FOX,  John  H.  (see  Special  Service  Roll,  p.  73). 

FOX,  William  K.  (A  1939)  Supt.,  Northwest 
Stove  Works,  Inc.,  2345  S.  E.  Gladstone  St.,  and 
(for  mail)  6112  N.  E.  Prescott  St.,  Portland,  Ore. 

FRANC  K,  Peter  (J  1938)  Secy.,  Tiltz  Air  Condi- 
tioning Corp.,  230  Park  Ave.,  New  York,  and  (for 
mail)  3311A  69th  St.,  Jackson  Heights,  L.  I.  ,N.Y. 

FRANK,  John  M.  (M  1918;  A  1912)  Pres.  (for 
mail)  II g  Electric  Ventilating  Co.,  2850  N. 
Crawford  Ave.,  Chicago,  and  1152  Chatfield  Rd., 
Hubbard  Woods,  111. 

FRANK,  Olive  E.*  (M  1919)  Pres.,  Frank  Heaters, 
Inc.,  150  Railroad  Ave.,  and  (for  mail)  288 
Graham  Ave.,  Paterson,  N.  J. 

FRANKEL,  Gilbert  S.  (M  1926)  Mgr.,  Federal 
&  Marine  Dept.  (for  mail)  Buffalo  Forge  Co. — 
Buffalo  Pumps,  Inc.,  640  Woodward  Bldg.,  and 
3601  Connecticut  Ave.,  Washington,  D.  C. 

FRANKLIN,  Ralph  S.  (M  1919)  Pres.-Treas. 
(for  mail)  Albert  B.  Franklin,  Inc.,  38  Chauncy 
St.,  Boston,  and  320  Grove  St.,  Melrose,  Mass. 

FRANKLIN,  Sam  H.,  Jr.  (A  1938)  Prop,  (for 
mail)  S.  H.  Franklin,  Jr.,  921  Main  St.,  and  204 
Colonial  Court,  Lynchburg,  Va. 

FRASER,  James  J.  (A  1936)  Director  (for  mail) 
Honeywell  Brown,  Ltd.,  Wadsworth  Rd.,  Peri- 
vale,  Greenford,  Middlesex,  England. 

FRAZIER,  J.  Earl  (A  1936)  Vice-Pres.  &  Treas, 
(for  mail)  Frazier-Simplex,  Inc.,  436  East  Beau 
St.,  and  7  Wilmont  Ave.,  Washington,  Pa. 

FREDERICK,  Holmes  W.  (M  1937)  Asst.  Htg. 
Engr.,  Cornell  University,  Morrill  Hall,  and  (for 
mail)  103  Harvard  Place,  Ithaca,  N.  Y. 

FREDERICK,  Walter  L.  (A  1937)  Pres.  (for  mail) 
Bryant  Air  Conditioning  Corp.,  1626  K  St. 
N.  W.,  and  15  Abingdon  Rd.,  Friendship  Station, 
Washington,  D.  C. 

FREEMAN,  Alfred  W.  (J  1940:  S  1939)  Gen. 
Mgr.,  Freeman  Co.,  119  Greenpoint  Ave.,  Brook- 
lyn, and  (for  mail)  31-05  88th  St.,  Jackson 
Heights,  L.  I.,  N.  Y. 

FREEMAN,  Edwin  M.  (A  1937)  Vice-Pres.  & 
Sales  (for  mail)  Canadian  Asbestos  Co.,  316-322 
Youville  Sq.,  and  66  Courcelette,  Montreal,  Que., 
Canada. 

FREEMAN,  J.  Albert  (A  1940;  J 1938)  Engr.  (for 
mail)  Western  Engineering  Co.,  1623  Southeast 
llth  Ave.,  and  Rte.  8,  Box  2001,  Portland,  Ore. 

FREITAG,  Frederic  G.  (M  1932)  9  Harrison  St., 
Mt.  Vernon,  N.  Y. 

FRENCH,  Donald  (M  1926)  Vice-Pres.  in  Charge 
of  Engrg.  (for  mail)  Carrier  Corp.,  S.  Geddes 
St.,  and  618  Rugby  Rd.,  Syracuse,  N.  Y. 
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FRENTZEL,  Herman  C.  (M  1936)  Chief  Engr., 
The  Heil  Co.,  3000  W.  Montana  St.,  and  (for 
mail)  4363  N.  Wildwood  Ave.,  Milwaukee,  Wis, 

FRIEDLER,  Joseph  J.,  Jr.  (M  1940)  So.  Dist. 
Mgr.  (for  mail)  Ilg  Electric  Ventilating  Co.,  304 
Natchez  Bldg.,  and  5411  Fontainbleau  Dr.,  New 
Orleans,  La. 

FRIEDLINE,  James  M.  (J  1937)  Sales  Engr., 
Fred  Keating  Coal  Co.,  910  Walnut  St.,  and  (for 
mail)  3021  Ingersoll,  Des  Moines,  la. 

FRIEDMAN,  Arthur  (A  1936)  (for  mail)  Air 
Controls,  Inc.,  1933  West  114th  St.,  Cleveland, 
and  15700  S.  Moreland  Blvd.,  Shaker  Heights,  O. 

FRIEDMAN,  D.  Harry,  Jr.  (M  1936)  Air  Cond.  & 
Industrial  Engr.  (for  mail)  Peoples  Water  and 
Gas  Co.,  15th  &  Washington  Ave.,  and  1620 
Pennsylvania  Ave.,  Apt.  201,  Miami  Beach,  Fla. 

FRIEDMAN,  Ferdinand  J.*  (M  1921)  Consulting 
Engr.  (for  mail)  McDougall  &  Friedman,  1221 
Osborne  St.,  Montreal,  Que.,  Canada,  and  31 
Union  Square,  New  York,  N.  Y. 

FRIEDMAN,  Milton  (A  1939;  J  1935;  S  1933) 
JL  F.  Klawuhn  Genl.  Contractor,  34-24  82nd  St., 
Jackson  Heights,  L.  I.,  and  (for  mail)  333  West 
End  Ave.,  Apt.  14C,  New  York,  N.  Y. 

FRIMET,  Maurice  (A  1941;  J  1936)  Engr.,  S.  I, 
Heating  &  Air  Conditioning  Co.,  418  Castleton 
Ave.,  New  Brighton,  and  (for  mail)  15  Mundy 
Ave.,  West  Brighton,  S.  L.  N.  Y. 

FRITZ,  Charles  V.  (J  1936;  S  1933)  Designer  and 
Estimator,  Charles  F.  Fritz,  67  W.  Merrick  Rd., 
and  (for  mail)  26  Cottage  Court,  Freeport, 
L.  I.,  N.  Y. 

FROELIGH,  H.  Allen  (A  1939)  Gen.  Mgr.,  The 
Glen'Aire  Cooler  Co.,  133J^  W.  Seventh  St.,  and 
(for  mail)  Box  404,  Junction  City,  Kan. 

FUKUI,  Kunitaro  (M  1926)  Auditor,  Oriental 
Carrier  Engineering  Co.,  Ltd.,  Toyo  Menka 
Bldg.,  Koraibashi-Higashi-ku,  Osaka,  Japan. 

FULLER,  Charles  A.  (M  1913)  Partner  (for  mail) 
Slocum  &  Fuller,  Cons.  Engrs.,  18  East  41st  St., 
New  York,  and  501  E.  5th  St.,  Mt.  Vernon,  N.  Y. 

FULLER,  Elbridge  W.  (M  1938)  S.  W.  Zone  Mgr., 
Commercial  &  Air  Conditioning  (for  mail)  Frigid- 
aire  Div.,  General  Motors  Sales  Corp.,  Taylor 
St.,  and  308  Central  Ave.,  Dayton,  O. 

FUNCK,  Elmer  H.  (M  1939;  A  1928;  J  1926) 
Sales  Engr.  (for  mail)  Johnson  Fan  &  Blower 
Corp.,  1319  W.  Lake  St.,  and  4545  N.  Hamilton 
Ave.,  Chicago,  111. 

FUNK,  Donald  S.  (4  1940)  Pres,  (for  mail) 
Airmode  Mfg.  Co.,  325  W.  Huron  St.,  Chicago, 
and  530  Washington  Blvd.,  Oak  Park,  111. 


GABLE,  H.  Raymond  (A  1939)  Design  Engr., 

Union  Steel  Products  Co.,  500  N.  Berrien  St.,  and 

(for  mail)  303  Ingham  St.  S.,  Albion,  Mich. 
GAIR,  Kenneth  B.  (J  1939)  Sales  Engr.  (for  mail) 

B.    F.    Sturtevant    Co.,    812    Michigan    Bldg., 

Detroit,  and  188  West  Cambourne,  Ferndale, 

Mich. 
GALLAGHER,  Frank  H.  (A  1938)  Asst.  Engr., 

Board  of  Public  Education,  and  (for  mail)  2727 

Strachan  Ave.  (16),  Pittsburgh,  Pa. 
GALLIGAN,  Andrew  B.  (M  1921)  Pres.  (for  mail) 

Galligan  Bros.,  Inc.,  716  South  51st  St.,  and  5987 

Woodbine  Ave.,  Philadelphia,  Pa. 
GAMBLE,  Gary  B,.  (M  1939;  A  1935)  Engr.,  Leo 

S  Weil  &  Walter  B.  Moses,  425  S.  Peters  St.,  and 

(for  mail)  4235  S.  Carrollton  Ave.,  New  Orleans, 

La. 
GAMMILL,  Oscar  E.,  Jr.  (M  1940;  A  1937-  J 

1930)  Sales  Engr.  (for  mail)  Carrier  Corp.,  1413 

Hiberma  Bank  Bldg.,  and  5515  Magnolia  St., 

New  Orleans,  La. 
GANGE,   Frank  B.    (M  1937)   Managing  Dir., 

Gordon  &  Co.,  Ltd.,  185  Yuen  Ming  Yuen  Rd., 

Shanghai,  China. 
GANNON,  Russell  R.  (M  1939)  Pres.  (for  mail) 

Russell  R.  Gannon  Co.,  Gwynne  Bldg.,  and  1824 

Fairfax  Ave.,  Cincinnati,  0. 


GANT,  H.  P.*  (  M  1915)  (Presidential  Member) 
(Pres.,  1923;  1st  Vice-Pres.,  1922;  2nd  Vicc-Pres., 
1921;  Council,  1918-24)  R.  D.  No.  1,  Glenmoore,. 
Pa. 

GARBER,  William  E.,  Jr.  (J  1938)  Sales  Mgr.r 
Farquar  Heating  Service  Co,,  3406  E.  Tenth  St.,, 
Indianapolis,  and  (for  mail)  Rural  Route  1, 
Fairland,  Ind. 

GARDNER,  G.  Rollins  (A  1937)  Vice-Pres.  (for 
mail)  Martyn  Brothers,  Inc.,  911  Camp  St., 
Dallas,  and  4417  E.  Lancaster,  Ft.  Worth,  Tex. 

GARDNER,  William  (A  1921)  Pres.,  Garden  City 
Fan  Co.,  332  S.  Michigan  Ave.,  and  (for  mail)1 
7836  Loomis  Blvd.,  Chicago,  111. 

GARNEAU,  Leo  (M  1938;  J  1930)  Sales  Engr.  (for 
mail)  C.  A.  Dunham  Co.,  Ltd,,  931  Dominion! 
Square  Bldg.,  Montreal,  and  34  Coolbrcezc  Ave., 
Lakeside,  Que.,  Canada. 

GAULEY,  Ernest  R.  (A  1935)  Pres.  &  Gen.  Mgr, 
(for  mail)  Age  Publications,  Ltd,,  31  Willcocks 
St.,  and  156  Dewhurst  Blvd.,  Toronto,  Ont., 
Canada. 

GAULT,  George  W.  (/  1937;  5  1934)  Corps  of 
Engrs.,  U.  S.  A.,  Ft.  Belvoir,  Va. 

CAUSE,  H.  Chester  (M  1937)  Power  Sales  Engr. 
(for  mail)  Alabama  Power  Co.,  600  North  18th 
St.,  and  905  South  38th  St.,  Birmingham,  Ala. 

GAUSEWITZ,  William  H.  (.4  1937)  Pres.  (for 
mail)  Yale  Engineers,  Inc.,  428  Stinson  Blvd., 
and  1321  W.  Minnehaha  Pkwy.,  Minneapolis, 
Minn. 

GAUSMAN,  Carl  E.  (M  1923)  Partner,  Gausman 
&  Moore,  1026  First  Natl.  Bank  Bldg.,  and  (for 
mail)  2360  Chilcombc  Ave.,  St.  Paul,  Minn. 

GAWTHROP,  Fred  H.  (M  1919)  Pres.,  Gawthrop 
&  Bro.  Co.,  705  Orange  St.,  and  (for  mail)  2211 
Shallcross  Ave.,  Wilmington,  Del. 

GAYLORD,  Frank  H.  (M  1921)  Western  Sales 
Mgr.  (for  mail)  Hoffman  Specialty  Co.,  Inc.,  130 
N.  Wells  St.,  Chicago,  and  362  N.  York  St., 
Elinhurst,  111. 

GAYMAN,  Paul  D.  (M  1038)  Dist.  Mgr.  (for  mail) 
Johnson  Service  Co.,  2142  East  19th  St.,  Cleve- 
land, and  20875  Endsley,  Rocky  River,  0. 

GAYNER,  James  (M  1937)  Mech.  Engr.,  G.  M. 
Simonson,  Cons.  Engr.,  74  New  Montgomery  St., 
San  Francisco,  and  (for  mail)  327  Magnolia  Ave., 
Piedmont,  Calif. 

GEBEL,  Kurt  M.  (S  1940)  Sales,  Devonshire 
Artie  Chemical  Co.,  727  Atlantic  Ave.,  Boston, 
Mass.,  and  (for  mail)  229-120th  St.,  Rock- 
away  Beach,  L.  L,  N.  Y. 

GEE,  William  W.  (A  1040;  J  1938)  Engr.  & 
Contractor,  William  Gee,  Jr.  &  Co.,  133  Geary 
St.,  San  Francisco,  and  (for  mail)  605  Burlingame 
Ave.,  Burlingame,  Calif. 

GEHRS,  William  (4  1939)  Br.  Mgr,  (for  mail) 
Johnson  Service  Co.,  1312  N.  W.  Raleigh  St., 
and  3801  S.  E.  Woodward  St.,  Portland,  Ore. 

GEIGER,  Irvin  H.  (M  1919)  Registered  Prof. 
Engr.  &  Mfrs.  Repr.  (for  mail)  319  Telegraph 
Bldg.,  and  240  Maclay  St.,  Harrisburg,  Pa. 

GEIGER,  Raymond  L.  (M  1939)  Engr.,  War 
Dept.,  Quartermaster  Corps,  and  (for  mail) 
6501-14th  St.  N.  W.,  Washington,  D.  C. 

GELTZ,  Ralph  W.  (/  1936)  Air  Cond.  Engr., 
York  Ice  Machinery  Corp.,  2700  Washington 
Ave.,  and  (for  mail)  14213  Glenside  Rd.,  Cleve- 
land, 0. 

GENRE(  E.  John  (A  1938)  502  W.  Roosevelt, 
Phoenix,  Ariz. 

GERMAIN,  Oscar  (M  1935)  Htg.  Expert,  1343 
St.  Louis  Blvd.,  Three  Rivers,  Que.,  Canada. 

GERRISH,  Grenville  B.  (A  1936;  J  1930)  Sales 
Repr.,  Fitzgibbons  Boiler  Co.,  Inc.,  31  Main  St., 
Cambridge,  and  (for  mail)  26  Standish  Rd., 
Melrose,  Mass. 

GERRISH,  Harry  E.  (M  1910)  (Council,  1919) 
Partner  (for  mail)  Morgan-Gerrish  Co.,  307 
Essex  Bldg.,  and  4534  Fremont  Ave.  S.,  Minne- 
apolis, Minn. 
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GERSTENBERGER,  Edgar  J.  (A  1938)  Sales 
Engr.,  Glendale  Supply  Co.,  1819  W.  Glendale 
Ave.,  and  (for  mail)  3824  North  17th  St..  Milwau- 
kee, Wis. 

GETSCHOW,  Roy  M.  (M  1919)  Prea.  &  Treaa. 
(for  mail)  Phillips-Getschow  Co.,  32  W.  Hubbard 
St.,  Chicago,  and  122  Woodstock,  Kenilworth,  111. 

GHILARDI,  Fernand  (M  1937)  Chief  Engr., 
Herdt  et  Charton,  Inc.,  34  Rue  Godot  de  Mauroy, 
Paris,  and  (for  mail)  12  Rue  Gabrielle  d'Estrees, 
Vanves  (Seine),  France. 

GHOSE,  Khagendra  N.  (A  1938)  Consulting 
Engr,,  17  State  St.,  New  York,  N.  Y.,  and  (for 
mail)  39  Rarnkanta  Bose  St.,  Bagh  Bazar, 
Calcutta,  India. 

GHOSH,  Bidhu  B.  (J  1939)  Air  Cond.  Engr.  (for 
mail)  Messrs,  Refrigerators  (India)  Ltd.,  13  C, 
Russell  St.,  and  Galataun  Mansions,  Calcutta, 
British  India. 

GIANNINI,  Mario  G.  (M  1935)  Asst.  Prof,  of 
Mech.  Engrg.  (for  mail)  New  York  University, 
University  Heights,  and  72  Park  Terrace  W., 
New  York,  N.  Y. 

GIBBONS,  Michael  J.  (M  1914)  Owner,  M.  J. 
Gibbons  Supply  Co,,  601  E.  Monument  Ave., 
and  (for  mail)  22  Oxford  Ave.,  Dayton,  O. 

GIBBS,  Edward  W.  (M  1919)  Pres.  (for  mail) 
The  Smith-Gibbs  Co.,  201  S.  Main  St.,  and  39 
President  Ave,,  Providence,  R.  I. 

GIESECKE,  Frederick  Ernest*  (M  1913)  (Presi- 
dential Member)  (Pres.,  1940:  1st  Vice-Pres., 
1939;  2nd  Vice-Pres.,  1938:  Council,  1932-40) 
Professor  Emeritus,  Htg,,  Vtg,  &  Air  Cond., 
A.  &  M.  College  of  Texas,  College  Station,  Tex. 

GIFFORD,  Clarence  A.  (A  1934)  Sales,  American 
Radiator  &  Standard  Sanitary  Corp,,  1807  Elm- 
wood,  Buffalo,  and  (for  mail)  78  Roycroft  Blvd.. 
Snyder,  N.  Y. 

GIFFORD,  Edmund  W.  (M  1938;  J  1929)  Office 
Mgr,,  Himelblau  Byfield  &  Co.,  611  N.  Broad- 
way, Milwaukee,  and  (for  mail)  7935  Warren 
Ave.,  Wauwatosa,  Wia, 

GIFFORD,  Robert  L.  (Life  Member;  M  1908) 
Pres,,  Illinois  Engineering  Co,,  Cor.  21st  St.  & 
Racine  Ave.,  Chicago,  111.,  and  (for  mail)  1231  S. 
El  Molino  Ave.,  Pasadena,  Calif. 

GIGUERE,  George  H.  (U  1920)  Mech.  Engr., 
Smith,  Hinchman  &  Grylls,  800  Marquette 
Bldg,,  and  (for  mail)  17205  Fairport,  Detroit, 
Mich. 

GILBERT,  Leslie  S.  (M  1937)  Owner  (for  mail) 
Gilbert  Engineering  Co.r  1305  Liberty  Bank 
Bldg.,  and  3713  Southwestern  Blvd.,  Dallas,  Tex. 

GILBERT.  Thomas  (A  1940)  Asst.  Sales  Mgr., 
Empire  Brass  Manufacturing  Co.,  and  (for  mail) 
40  Alma  St.,  London,  Ont.,  Canada. 

GILFRIN,  George  F.  (M  1932)  Climas  Artlficiales, 
S.  A-  (for  mail)  Edincio  "La  Nacional"  902,  and 
Esplanada  No.  715  Lomas  de  Chapultepec, 
Mexico,  D.  F. 

GILLE,  Hadar  B,  (M  1930)  Consulting  Engr.  (for 
mail)  Hugo  Theorells  Ingeniorsbyra,  Skoldun- 
gagatan  4,  Stockholm,  and  Svanhildsvagen  19, 
Nockeby,  Sweden. 

GILLETT,  Merrlman  G.  (M  1916)  Dist,  Sales 
Mgr,,  Hoffman  Specialty  Co.,  Inc.,  and  (for  mail) 
6600  Rising  Sun  Ave.,  Philadelphia,  Pa. 

GILLHAM,  Walter  E,  (M  1917)  (Treas.,  1926-29; 
Council,  1924-29)  Consulting  Engr.  (for  mail) 
337  Law  Bldg.,  and  3427  Bcllefontain,  Kansas 
City,  Mo. 

GILMAN,  Franklin  W.  (M  1935)  Plant  Engr., 
Fleetwlngs,  Inc.,  Bristol,  and  (for  mail)  514  W. 
Coulter  St.,  Philadelphia,  Pa. 

GILMORE,  John  L.  (A  1938)  Owner,  John  L. 
Gilmore  Htg.-Vtg.,  1602  Kay  Ave.,  and  (for  mail) 
1604  Union  St.,  Brunswick,  Ga. 

GILMORE,  Louis  A.  (A  1940;  J  1935;  S  1930) 
Vice-Pres.  (for  mail)  John  Gilmore  &  Co.,  115 
South  llth  St.,  and  5906  McPherson  Ave.,  St. 
Louis,  Mo. 

GINI,  Aldo  (U  1933)  via  Correggio  18,  Milan, 
Italy 


GINN,  Tony  M.  (M  1935)  General  Mgr.,  Tony  M. 
Ginn  Co.,  214-24  Fifth  St.  S.,  Great  Falls,  Mont. 

GITTERMAN,  Henry  (A  1937)  Precipitron 
Specialist  (for  mail)  Westinghouse  Electric  & 
Manufacturing  Co.,  150  Broadway,  New  York, 
and  Yorktown  Heights,  N.  Y. 

GITTLESON,  Harold  (A  1936)  Sales  Mgr., 
Larivierc,  Inc.,  3715  St.  Lawrence  Blvd.,  Mon- 
treal, and  (for  mail)  1125  Lajoie  Ave.,  Outremont, 
Que.,  Canada. 

GIVIN,  Albert  W.  (A  1925)  Vice-Pres.  (for  mail) 
The  Gurney  Foundry  Co.,  Ltd.,  4  Junction  Rd.r 
and  219  St.  Clair  Ave.  W.,  Toronto,  Ont., 
Canada. 

GJERTSEN,  George  (S  1940)  Social  Security 
Board,  and  (for  mail)  4509  Arabia  Ave.,  Balti- 
more, Md. 

GLASS,  William  (M  1934)  Mgr.  (for  mail) 
Partripdge-HaIUday,  Ltd.,  144  Lombard  St., 
Winnipeg,  and  190  Braemar  Ave.,  Norwood, 
Man.,  Canada. 

GLEASON,  Gilbert  H.  (M  1923)  Partner  (for 
mail)  Gilbert  Howe  Gleason  &  Co.,  28  St. 
Botolph  St.,  Boston,  and  10  Edgehill  Rd., 
Winchester,  Mass. 

GODFREY,  Joseph  E.  (J  1938)  Engr.,  Frigidaire 
Div.,  General  Motors  Sales  Corp.,  and  (for  mail) 
1500  Ridgeway  Rd.,  Dayton,  O. 

GOEHLER,  Elmer  E.  (A  1939)  Pres.  (for  mail) 
Vortex  Manufacturing  Co.,  687  N.  Tillamook  St., 
and  2932  N.  E.  37th  Ave.,  Portland,  Ore. 

GOELZ,  Arnold  H.  (M  1931)  Pres.  (for  mail) 
ICrocschell  Engineering  Co.,  215  W.  Ontario  St., 
Chicago,  and  827  Greenwood  Ave.,  Wilmette,  111. 

GOENAGA,  Roger  C.  (M  1931)  Tech.  Director, 
Ateliers  Ventil  (for  mail)  109  Cours  Gambetta, 
Lyon,  and  33  Avenue  Valioud-Ste-Foy-les-Lyonr 
Rhone,  France. 

GOERG,  Bernard  (JW  1928)  American  Radiator 
&  Standard  Sanitary  Corp.,  675  Bronx  River  Rd., 
Yonkers,  N.  Y. 

GOERGENS,  Albert  G.  (A  1938)  Asat.  Engr., 
U.  S,  War  Dept.,  Munitions  Bldg.,  Washington, 
D.  C.,  and  (for  mail)  817  Chalfontc  Dr.,  Alex- 
andria, Va. 

GOFF,  John  A.  (M  1939)  Dean  (for  mail)  Towne- 
Scientific  School,  University  of  Pennsylvania, 
Philadelphia,  and  511  Cambridge  Rd.,  Bala- 
Cynwyd,  Pa. 

GOLDBERG,  Moses  (.A  1934)  Pres.,  Electric 
Motors  Corp.,  168  Centre  St.,  New  York,  and 
(for  mail)  885  E.  Eighth  St.,  Brooklyn,  N.  Y. 

GOLDMANN,  Philipp  (S  1940)  Student,  Catholic 
University,  and  (for  mail)  3536-llth  St.  N.  W., 
Washington,  D.  C. 

GOLDSMITH,  Elliot  (J  1939)  Engr.  (for  mail) 
Anemostat  Corp.  of  America,  10  East  39th  St., 
New  York,  and  102-03  65th  Rd.,  Forest  Hills, 
L.  I.,  N.  Y. 

GOLDSMITH,  F.  Willius  (M  1936)  Pres.  (for 
mail)  The  W.  Clasmann  Co.,  324  E.  Wisconsin 
Ave.,  and  629  E.  Day  Ave.,  Milwaukee,  Wis. 

GOLL,  Willard  A.  (A  1937)  Dist.  Mgr.,  Lennox: 
Furnace  Co.,  Marshalltown,  la.,  and  (for  mail) 
1457  Washington  St.,  Denver,  Colo. 

GOMBERS,  Henry  B.  (Life  Member;  A  1901) 
Secy.  Emeritus,  Heating,  Piping  and  Air  Con- 
ditioning Contractors  National  Association,  1256- 
Sixth  Ave.,  New  York,  N.  Y.,  and  (for  mail) 
160  Halsted  St.,  East  Orange,  N.  J. 

GONZALEZ,  Rafael  A.  (M  1936)  Mgr.,  Appli- 
cation Engrg,  Dept.  (for  mail)  Airtemp  Div., 
Chrysler  Corp.,  1119  Leo  St.,  and  2909  Fairmont 
Ave.,  Dayton,  0. 

GOODf  Charles  S.  (J  1941;  S  1939)  A.  C.  Good  & 
Sons,  620  Rebecca  Ave.,  Pittsburgh  (21),  Pa. 

GOODMAN,  Clifford  E.  (M  1940)  Mgr.  (for  mail) 
Trane  Co.  of  Canada,  Ltd.,  236  Roy  Bldg.,  and' 
405  Oxford  St.,  Halifax,  N.  S.,  Canada. 

GOODRAM,  William  E.  (M  1939;  A  1936) 
Partner,  Goodram  Bros,,  88  King  St.  W.,. 
Hamilton,  and  (for  mail)  R.  R,  2,  Freeman,  Ont.,, 
Canada. 
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•GOODRICH,  Charles  F.  (M  1919)  Andrews  & 
Goodrich,  Inc.,  Boston,  and  (for  mail)  336  Adams 
St.,  Dorchester,  Mass. 

•GOODWIN,  Eugene  W.  (M  1936)  Principal 
Mech.  Engr.,  Public  Bldgs.  Administration, 
Washington,  D.  C.,  and  (for  mail)  7024  Hampden 
Lane,  Bethesda,  Md. 

GOODWIN,  Samuel  L.  (M  1924)  Consulting 
Engr.,  1560  Broadway,  New  York,  N.  Y.,  and 
(for  mail)  247  Madison  Ave.,  Hasbrouck  Heights, 

GORDON,  Colin  W.  (A  1938)  Vice-Pres.  &  Supt., 
A.  G.  Baird,  Ltd.,  286  Lisgar  St.,  and  (for  mail) 
962  Shaw  St.,  Toronto,  Ont.,  Canada. 

GORDON,  Edward  B.,  Jr.  {Life  Member-,  M  1908) 
Pres.,  Pillsbury  Engineering  Co.,  1200  Second 
Ave.  S.,  and  (for  mail)  2450  West  24th  St., 
Minneapolis,  Minn. 

GORDON,  Peter  B.  (A  1938;  J  1935)  Treas.  (for 
mail)  Wolff  &  Munier,  Inc.,  222  East  41st  St., 
New  York,  N,  Y.,  and  35  Park  Ave.,  Bloomfield, 
N.J. 

GORGEN,  Roy  E.  (A  1940)  Owner  (for  mail) 
Roy  E.  Gorgen  Co.,  205  Wesley  Temple  Bldg., 
Minneapolis,  and  2901  Raleigh  Ave.,  St.  Louis 
Park,  Minn. 

GORNSTON,  Michael  H.  (A  1923)  Custodian- 
Engr.  (for  mail)  Board  of  Education,  Thomas 
Jefferson  High  School,  Brooklyn,  and  90-11- 
149th  St.,  Jamaica,  L.  I.,  N.  Y. 

•GOSS,  Matthew  H.  (M  1921)  Partner  (for  mail) 
M.  H.  Goss  Co.,  3409  Ludden  St.,  and  1476 
Seyburn  Ave.,  Detroit,  Mich. 

•GOSSETT,  Earl  J.  (M  1923)  Pres.  (for  mail) 
Bell  &  Gossett  Co.,  3000  Wallace  St.,  Chicago, 
and  314  Woodland  Ave.,  Winnetka,  111. 

GOTHARD,  William  W.  (A  1936)  Editorial  Dir. 
(for  mail)  Domestic  Engineering,  1900  Prairie 
Ave.,  Chicago,  and  1027  Arlington  Ave.,  La 
Grange,  111. 

GOTSCHALL,  Harry  C.  (M  1935)  Instructor  in 
Air  Cond.,  Lane  Technical  High  School,  2501  W. 
Addison  St.,  and  (for  mail)  2953  Eastwood  Ave., 
Chicago,  111. 

GOTTWALD,  C.  (A  1916)  Pres.  (for  mail)  The 
Ric-wiL  Co.,  1563  Union  Commerce  Bldg., 
Cleveland,  and  2225  Stillman  Rd.,  Cleveland 
Heights,  0. 

•GOULDING,  William  (A  1933)  Air  Cond.  Engr.. 
World  Broadcasting  System,  Inc.,  711  Fifth 
Ave.,  New  York,  and  (for  mail)  42  Highview 
Ave.,  Tuckahoe,  N.  Y. 

GOUNDIE,  Joseph  K.  (M  1938)  Sales  Engr., 
Fritch  Coal  Co.,  116  River  St.,  Bethlehem,  and 
(for  mail)  1426  Walnut  St.,  Allentown,  Pa. 

GOWDY,  Allen  C.  (A  1941;  J  1939)  Htg.  Engr., 
The  Huff  man- Wolfe  Co.,  669  N.  High  St.,  and 
(for  mail)  1007  Bryden  Rd.,  Columbus,  0. 

•GRABER,  Ernst  (J  1936)  Engr.,  Minneapolis- 
Honeywell  Regulator  Co.,  801  Second  Ave.,  New 
-York,  and  (for  mail)  222  Hollywood  Ave., 
Douglaston,  L.  I.,  N.  Y. 

'GRABMAN,  Henry  B.  (5  1938)  Student  Engr., 
Crane  Co.,  836  S.  Michigan  Ave.,  and  (for  mail) 
4906  S.  Ellis  Ave.,  Chicago,  111. 

•GRAHAM,  F.  D.  (M  1940)  Br.  Mgr.  (for  mail) 
York  Ice  Machinery  Corp.,  222  Union  Bldg.,  and 
4204  S.  Broad,  New  Orleans,  La. 

>GRAHAM,  J.  Barrie  (S  1939)  Student,  Carnegie 
Institute  of  Technology,  Pittsburgh,  and  (for 
mail)  193J3  Meade  St.,  Wilkinsburg,  Pa. 

•GRAHAM,  John  J.  (J  1940)  J.  J.  Graham,  Htg., 
Vtg.  &  Air  Cond,,  216  Lippincott  Ave.,  Riverside, 

•GRAHAM,  John  M.  (A  1937;  J  1936)  Br.  Office 
Mgr.  (for  mail)  B.  F.  Sturtevant  Co.,  938 
Spitzer  Bldg.,  and  2308  Robinwood,  Toledo,  O, 

•GRAHAM,  William  D.  (M  1929;  A  1925:  /  1923) 
Mgr.,  Unit  Heater  Dept.,  Carrier  Corp.,  S. 
Geddes  St.,  and  (for  mail)  129  Circle  Rd., 
Syracuse,  N.  Y. 


GRANDIA,  Willem  M.  (A  1940)  In  charge  Air 
Cond.  and  Refrig.  Div.  (for  mail)  Pacific  Com- 
mercial Co.,  and  University  Apts.,  No.  211, 
Manila,  P.  I. 

GRANKE,  Arnold  A.  (M  1939)  Sales  Engr., 
Speakman  Co.,  and  (for  mail)  28  West  41at  St., 
Wilmington,  Del. 

CRANSTON,  Ray  O.  (A  1939;  J  1935;  S  1930) 
Secy,  (for  mail)  University  Plumbing  &  Heating 
Co.,  3939  University  Way,  and  4333  Ninth  Ave. 
N.  E.,  Seattle,  Wash. 

GRANT,  Walter  A.  (A  1933;  J  1929)  Dist.  Chief 
Engr.,  Carrier  Corp.,  12  South  12th  St.,  Phila- 
delphia, and  (for  mail)  414  Haverford  Ave., 
Narberth,  Pa. 

GRANT,  Walter  H.,  Jr.  (M  1940)  Sales  Engr, 
(for  mail)  208-209  Vincent  Bldg.,  and  5632 
Elysian  Fields  Ave.,  New  Orleans,  La. 

GRAVES,  Vernon  (A  1941;  J  1940)  Engr.,  Frank 
A.  Leon  Co.,  901  Girard  St.  N.  E.,  and  (for  mail) 
1904-17th  St.  S,  E.,  Washington,  D.  C. 

GRAVES,  Willard  B.  (Life  Member;  M  1906) 
Pres.  (for  mail)  W,  B.  Graves  Heating  Co.,  162 
N.  Desplaines  St.,  and  5920  Addison  St.,  Chicago, 
111. 

GRAY,  Earle  W.  (M  1938;  A  1934)  Div.  Commer- 
cial Mgr.  (for  mail)  Oklahoma  Gas  &  Electric 
Co.,  Third  and  Harvey  Sts.,  and  2125  Northwest 
18th  St.,  Oklahoma  City,  Okla, 

GRAY,  Everett  W.  (M  1936)  Dist.  Repr.  (for  mail) 
The  Trane  Co.,  1900  Euclid  Ave.,  Cleveland,  and 
17545  Madison  Ave.,  Lakewood,  O. 

GRAY,  George  A.  (M  1924)  Br.  Mgr.  (for  mail) 
C.  A.  Dunham  Co.,  Ltd.,  404  Plaza  Bldg.,  and 
114  Belmont  Ave.,  Ottawa,  Ont.,  Canada. 

GRAY,  Hamilton  E.  (J  1940)  Sccy.-Sales  Engr., 
Gray  Engineering  Co.,  Box  204,  and  (for  mail) 
Box  1223,  High  Point,  N.  C. 

GRAY,  John  W.  (M  1938)  The  Gray  Heating  Co., 
614  N.  Water  St.,  Bay  City,  Mich. 

GRAY,  William  C.  (J  1940)  Air  Cond.  Engr., 
Gulf  Mobile  &  Ohio  Railroad,  and  (for  mail) 
601  Virginia  Ave.,  Bogalusa,  La. 

GRAY,  William  E.  (M  1922)  Pres.  (for  mail) 
Gray  Engineering  Co.,  Box  264,  and  718  W. 
Farriss,  High  Point,  N.  C. 

GREEN,  Everett  W.  (J  1938)  Asgt.  Mgr.  (for  mail) 
Green  Furnace  &  Plumbing  Co..  2747  North  48th 
St.,  and  5100  Leighton  Ave.,  Lincoln,  Nebr. 

GREEN,  Sydney  H.  (J  1939)  Engr.  (for  mail) 
Dallas  Air  Conditioning  Co.,  Inc.,  3500  Com- 
merce St.,  and  2609  Routh  St.,  Dallas,  Tex. 

GREEN,  William  C.  (Life  Member;  M  1906)  Dist. 
Repr.  (for  mail)  Warren  Webster  &  Co.,  704 
Race  St.,  Rm.  602,  and  244  Erkenbrecher  Ave., 
Cincinnati,  0. 

GREENBURG,  Dr.  Leonard*  (M  1932)  Executive 
Dir.,  Div.  of  Industrial  Hygiene  (for  mail)  N.  Y* 
State  Dept.  of  Labor,  80  Centre  St.,  and  173 
West  78th  St.,  New  York,  N.  Y. 

GREENLAND,  Sidney  F.  (M  1934)  Htg.  &  Vtg. 
Engr.,  Gee,  Walker  &  Slater,  Ltd.,  3  Fitss- 
maurice  PL,  London,  W.  1,  and  (for  mail)  20 
Cedarville  Gardens,  Steatham  Common,  Lon- 
don, S.  W.  16,  England. 

GREGERSON,  George  (A  1941;  /  1939)  Instruc- 
tor, Hinsdale  Township  Schools,  317  W.  Maple, 
and  (for  mail)  242  E.  Ogden  Ave.,  Hinsdale,  111. 

GREGG,  Stephen  L.  (A  1939;  J  1936)  Sales  Engr. 
(for  mail)  Potomac  Electric  Power  Co.,  Tenth 
and  E  Sts.  N.  W.,  Washington,  D.  C.,  and  4828 
Edgemoor  Lane,  Bethesda,  Md, 

GREINER,  George  E.,  Jr.  (/ 1938;  S  1935)  Engr., 
Wayne  Grouse,  Inc.,  4647  Centre  Ave.,  and  (for 
mail)  5515  Claybourne  St.,  Pittsburgh,  Pa. 

GRIESS,  Philip  G.  (M  1937)  Mech.  Engr., 
Voorhees,  Walker,  Foley  &  Smith,  101  Park 
Ave.,  New  York,  N.  Y.,  and  (for  mail)  189  Wal- 
nut Ave.,  Bogota,  N.  J. 

GRIEST,  Kermit  C.  (A  1940;  J  1936)  Htg,  Engr., 
Frank-Limbach  Co.,  1722  E.  Ohio  St.,  and  (for 
mail)  437  Bausman  St.,  Pittsburgh,  Pa. 
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GRIEWISCH?  Alfred  H.  (A  1938)  Pres.  (for  mail) 
Bayley  Heating  Supply  Co.,  2045  W.  St.  Paul 
Ave.f  and  2557  North  47th  St.,  Milwaukee,  Wis, 

GRIFFIN,  Charles  J.  (M  1940)  Engr.-Custodian, 
Chicago  Board  of  Education,  Barnard  School, 
10354  Charles  St.,  and  (for  mail)  8231  S.  Loomis 
Blvd.,  Chicago,  111. 

GRIFFITH,  Claude  A.  (A  1938)  Contractor, 
Heating  &  Air  Conditioning  Service,  632  Hill 
Top  Dr.,  Cumberland,  Md. 

GRIFFITH,  Herbert  T.  (M  1938)  Designing  Engr. 
(for  mail)  Lincoln  Bouillon,  Cons.  Engr.,  1411 
Fourth  Ave.  Bldg.,  and  1909  Third  Ave.W., 
Seattle,  Wash. 

GRIFFITH,  Joseph  B.  (/  1938)  Sales  Engr., 
Drayer  &  Hanson,  Inc.,  738  E.  Pico  Blvd.,  Los 
Angeles,  and  (for  mail)  529  N.  Gerona  Ave., 
San  Gabriel,  Calif. 

GRIMES,  Fenncr  M.  (J  1935)  Asst.  Engr., 
War  Dept.,  O.  Q.  M.  G.,  Constr.  Div.,  Ft.  Myer. 
and  (for  mail)  849  S.  Ivy  St.,  Arlington,  Va. 

GRITSGHKE,  Elmer  R.  (M  1940)  Consulting 
Engr.  (for  mail)  E.  R.  Gritschke,  Cons.  Engrs., 
123  W.  Madison  St.,  Chicago,  and  1432  Gregory 
Ave.,  Wilmette,  111. 

GRITZAN,  L.  LeRoy  (M  1939)  Vice-Pres.  and 
Gen.  Mgr.  (for  mail)  United  Equipment  & 
Supply  Co,,  1812  M  St.  N.  W.,  Washington, 
D.  C,,  and  208  Edgewood  Ave.,  Silver  Spring, 

Md. 

GROOT,  Harry  W.  (M  1937)  Chief  Engr.,  The 
Home  Comfortable,  Inc.,  912  Baxter  Ave.,  and 
(for  mail)  3728  N.  Western  Pkwy.,  Louisville,  Ky. 

GROSS,  Lyman  C.  (M  1931)  Sales  Engr.,  Min- 
neapolis-Honeywell Regulator  Co.,  2727  Fourth 
Aye.  S.,  and  (for  mail)  5324  Oaklawn  Ave., 
Linden  Hills  Station,  Minneapolis,  Minn. 

GROSSENBACHER,  Henry  E.  (A  1938)  Pres. 
(for  mail)  Groasenbacher  Furnace  Co.,  Inc., 
9410-16  W.  Milton  Ave.,  St.  Louis,  and  9741 
Lackland  Rd.,  Overland,  St.  Louis  Co.,  Mo. 

GROSSMAN,  F.  Arthur  (J  1038;  S  1937)  Engr., 
Servel,  Inc.,  and  (for  mail)  1161  E.  Illinois  St., 
Evanaville,  Ind. 

GROSSMANN,  Harry  A.  (M  1931)  Owner,  H.  A. 
Grossrnann  Co.,  3138  Cass  Ave.,  and  (for  mail) 
3122  Geyer  Ave.,  St.  Louis,  Mo. 

GROVES,  Samuel  A,  (A  1940;  J  1935)  Sales 
Supvr.,  American  Radiator  &  Standard  Sanitary 
Corp.,  32-04  Northern  Blvd.,  Long  Island  City, 
and  (for  mail)  30  Cross  St.,  Bronxville,  N.  Y. 

GUEST,  Porry  L.,  Jr.  (A  1939)  Pres.  (for  mail) 
P.  L.  Guest  Sales  Co.,  504  Piedmont  Bldg.,  and 
716  Dover  RcL,  Greensboro,  N.  C. 

GUEST,  Ross  B.  (A  1940)  Estimator  &  Engr.  (for 
mail)  Guest  &  Viviano  Sheet  Metal  Works,  Inc., 
827  Dryades  St.,  and  1637  Conery  St.,  New 
Orleans,  La. 

GUILBERT,  Stanley  R.  (A  1940)  Air  Cond. 
Engr.,  The  Riestcr  &  Thesmacher  Co,,  1526  West 
25th  St.,  Cleveland,  and  (for  mail)  R.  F.  D.  3, 
Chagrin  Falls,  O. 

GULER,  George  D.  (A  1937)  Eastern  Modutrol 
Mgr.  (for  mail)  Minneapolis-Honeywell  Regu- 
lator Co.,  801  Second  Ave.  at  43rd  St.,  New 
York,  and  6  McBride  Ave.,  White  Plains,  N.  Y. 

GUMAER,  P.  Wilcox  (M  1937)  Industrial  Hygiene 
Engr.  (for  mail)  The  Barrett  Co.,  40  Rector  St., 
New  York,  N.  Y.,  and  25  Garden  St.,  West 
Englewood,  N.  J. 

GURNEY,  E.  Holt  (M  1929)  (Presidential  Mem- 
ber} (Pres.,  1938;  1st  Vice-Pres.,  1937;  2nd  Vice- 
Pres.,  1936;  Council,  1931-39)  Pres.  (for  mail) 
The  Gurney  Foundry  Co.,  Ltd.,  4  Junction  Rd., 
and  347  Walmer  Rd.,  Toronto,  Ont.,  Canada. 

GURNEY,  Edward  R.  (A  1940:  J  1937)  Asst.  to 
Plant  Supt.  (for  mail)  Gurney  Foundry  Co.,  Ltd., 
4  Junction  Rd.,  and  50  Eastbourne  Ave.,  Toronto, 
Ont.,  Canada, 

GUSTAFSON,  Carl  A.  (M  1938)  Sales  Engr., 
(for  mail)  The  Powers  Regulator  Co.,  2720 
Greenview  Ave.,  and  6231  N.  Fairfield  Ave., 
Chicago,  111. 


GUTKNECHT,  Fritz  (M  1940)  Engr.  (for  mail) 
Blattmann  Weeser  Sheet  Metal  Works,  Inc.,, 
1001  Toulouse  St.,  and  5607  Woodlawn  Pl.r 
New  Orleans,  La. 
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HAAS,  Samuel  L.  (M  1923)  Pres.  &  Treas.  (for 
mail)  Advance  Heating  &  Air  Conditioning  Corp.,, 
117  N.  Desplaines  St.,  and  4300  Lake  Shore  Dr., 
Chicago,  111. 

HACK,  Edward  C.  (M  1939)  Asst.  Chief  Engr., 
Sales  Dept.,  Standard  Air  Conditioning,  Inc., 
Second  St.  &  Beechwood  Ave.,  New  Rochelle, 
N.  Y..  and  (for  mail)  261  Seneca  PL,  Westfield, 

HACKETT,  Frank  C.  (A  1940)  Resident  Mgr., 
Bell  &  Gossett  Co.,  4855  North  16th  St.,  Arling- 
ton, Va. 

HADEN,  G.  Nelson  (M  1934;  A  1928;  /  1922) 
Chairman  and  Managing  Dir.  (for  mail)  G.  N. 
Haden  &  Sons,  Ltd.,  19-29  Woburn  PL,  London,, 
W.  C.  1,  and  36  Wildwood  Rd.,  London,  N.  W. 
11,  England. 

HADEN,  William  N.  (Life  Member-,  M  1902). 
Retired  Chairman,  G.  N.  Haden  &  Sons,  Ltd., 
19-29  Woburn  PI.,  London,  W.  C.  1,  and  (for 
mail)  Arnolds  Hill,  Trowbridge,  Wilts.,  England. 

HADJISKY,  Joseph  N.  (M  1930)  Consulting 
Engr.,  Htg.  &  Vtg.,  744  Bates  St.,  Birmingham, 
Mich. 

HAERLE,  Robert  A.  (A  1938)  Design  Engr., 
Bayley  Blower  Co.,  1817  South  66th  St.,  and  (for 
mail)  1438  N.  Humboldt  Ave.,  Milwaukee,  Wis. 

HAGAN,  William  V.  (M  1938;  A  1933;  J  1926) 
Secy.,  V.  J.  Hagan  Co.,  and  (for  mail)  1811  Jones 
St.,  Sioux  City,  la. 

HAGEDON,  Charles  H.  (M  1919)  Partner  (for 
mail)  S.  E.  Fenstermaker  &  Co.,  937  Archt.  & 
Builders  Bldg.,  and  1107  West  58th  St.,  India- 
napolis, Ind. 

HAHN,  Roy  F.  (A  1941;  J  1936)  Air  Cond.  Engr. 
(for  mail)  Advance  Refrigeration,  Inc.,  3501 
Peachtree  St.,  and  274  Eighth  St.  N.  E.,  Atlanta, 
Ga. 

HAINES,  John  E.  (M  1940)  Mgr.,  Modutrol  Div. 
(for  mail)  Minneapolis-Honeywell  Regulator  Co., 
and  2119  S.  Hurnboldt  Ave.,  Minneapolis,  Minn. 

HAINES,  John  J.  (M  1915)  Pres.  (for  mail) 
The  Haines  Co.,  1931  W.  Lake  St.,  Chicago,  and 
623-17th  Ave.,  Maywood,  111. 

HAITMANEK,  Louis  M.,(A  1938)  Sheet  Metal' 
Worker,  217  Rose  St.,  Newark,  N.  J. 

HAJEK,  William  J.  (M  1932)  Management  Con- 
sultant (for  mail)  372  W.  Johnson  St.,  Phila- 
delphia, Pa. 

HAKES,  Leon  M.  (M  1932;  J  1929)  Resident 
Repr.  (for  mail)  Warren  Webster  &  Co.,  210- 
Reynolds  Arcade  Bldg.,  and  144  Inglewood  Dr., 
Rochester,  N.  Y. 

HALE,  Fred  J.  (M  1936)  Mgr.  (for  mail)  Empire 
Sheet  Metal  Works,  Ltd.,  1606  W.  First  Ave., 
and  3606  Point  Grey  Rd.,  Vancouver.  B.  C., 
Canada. 

HALE,  John  F.  (Life  Member;  M  1902)  (Presi- 
dential Member)  (Pres.,  1913;  1st  Vice-Pres.,  1912;- 
Board  of  Governors,  1908710,  1912-13)  (Council, 
1914)  Dist.  Mgr.  (for  mail)  Aerofin  Corp.,  Rm. 
544,  111  W.  Washington  St.,  Chicago,  and  615. 
W.  Elm  Ave.,  La  Grange,  111. 

HALEY,  Harry  S.*  (M  1914)  Consulting  Engr.. 
and  Partner  (for  mail)  Leland  &  Haley,  58  Sutter 
St.,  and  735-21st  Ave.,  San  Francisco,  Calif. 

HALEY,  Robert  T.  (A  1938)  Dealer  Contact  (for 
mail)  Minneapolis  (Jas  Light  Co.,  Marquette  at 
Eighth  St.,  and  5024-12th  Ave.  S.,  Minneapolis,. 
Minn. 

HALL,  Charles  J.  (A  1939)  Htg.  &  Vtg.  Engr.,, 
(for  mail)  American  Radiator  &  Standard  Sani- 
tary Corp.,  40  West  40th  St.,  New  York,  N.  Y., 
and  102  Dunster  Rd.,  Boston,  Mass. 
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BALL,  Cortlce  H.  (M  1927)  Chief  Engr.,  Stoker 

Div.  (for  mail)  Fairbanks  Morse  &  Co.,  and  1004 

N.  Main  St.,  Three  Rivers,  Mich, 
HALL,  George  (A  1937)  Secy.-Treas.  (for  mail) 

Hyland,  Hall  &  Co.,  218  N.  Bassett  St.,  and  4201 

Wanetah  Trail,  Madison,  Wis. 
HALL,  John  R.  (M  1937;  J  1932)  Executive  Engr., 

De  Vilbiss  Co.,  and  (for  mail)  2902  W,  Central 

Ave.,  Toledo,  0. 
HALL,  Mora  S.  (M  1934)  (for  mail)  Paul  Rosenthal 

&  Associates,  600  Newton  PI.  N.  W,,  Washington, 

D.  C.,  and  3504  Hobson  St.,  Brentwood,  Md. 
HALL,  Norman  H,  (A  1939)  Supvr.-Engr.  (for 

mail)  East  Ohio  Gas  Co.,  East  62nd  St.,  N.  of 

St.  Clair,  Cleveland,  and  147  Beachview,  Willo- 

bee,  0. 
HALL,    Robert    A.    (J    1939)    Grad.    Student, 

Stanford  University,  and  (for  mail)  627  Forest 

Ave.,  Palo  Alto,  Calif. 
HALL,  Truman  (A  1940)  Sales  Engr.  (for  mail) 

Dygert  Dist.  Co.,  1  Ionia  Ave.,  Grand  Rapids, 

HALLER,  Arthur  L.  (M  1920)  Pres,  (for  mail) 
Haller  Appliance  Sales  Co.,  Inc.,  2007  Olive  St., 
St.  Louis,  and  7485  Drexel  Dr.,  University 
City,  Mo. 

HAMACHER,  K.  F.  (M  1938)  Partner  (for  mail) 
Hamacher  &  Williams,  2540  W.  Wells  St.,  and 
4387  S.  Austin  Ave.,  Milwaukee,  Wis. 

HAMIG,  Louis  L.  (A  1940;  J  1935)  Engr.,  John 
D.  Falvey,  Cons.  Engr.,  316  N.  Eighth  St.,  and  , 
(for  mail)  3514  Utah  St.,  St.  Louis,  Mo. 

HAMILTON,  Howard  S.  (A  1940)  Co-Partner, 
Air  Correction  Co.,  1214  N.  Astor  St.,  Milwau- 
kee, Wis. 

HAMLET,  F.  Aylmer  (A  1936)  Br.  Sales  Office 
Mgr.  (for  mail)  C.  A.  Dunham  Co.,  Ltd.,  Rm. 
931,  Dominion  Square  Bldg.,  1010  St.  Catherine 
St.  W.,  and  3550  Shuter  St.,  Montreal,  Que., 
Canada. 

HAMLET,  Thomas  F.  (M  1938)  Sales  Engr.  (for 
mail)  Taylor-Forbes,  Ltd.,  6550  Durocher  Ave., 
and  34  Burton  Ave.,  Westmount,  Montreal, 
Que.,  Canada. 

HAMLIN,  James  B.,  Jr.  (A  1937)  Htg.  Engr., 
Crane  Co.,  14  W.  Broad  St.,  and  (for  mail) 
1530  East  51st  St.,  Savannah,  Ga. 

HAMPLE,  Henry  J.  (S  1939)  Student,  Carnegie 
Institute  of  Technology,  and  (for  mail)  4921 
Forbes  St.,  Pittsburgh,  Pa. 

HANBURGER,  Fred  W.  (M  1930)  Consulting 
Engr.,  252  West  76th  St.,  New  York,  N.  Y. 

HANLEIN,  Joseph  H.  (M  1937)  Mech.  Engr. 
(for  mail)  Wilberding  Co.,  Inc.,  1822  Eye  St. 
N.  W.,  and  5420  Connecticut  Ave.  N.  W., 
Washington,  D.  C. 

•HANLEY,  Edward  V.  (A  1933)  Pres.  (for  mail) 
S.  V.  Hanley  Co.,  1653  N.  Farwell  Ave.,  Mil- 
waukee, and  844  E.  Birch  Ave.,  Whitefish  Bay, 
Wis. 

"HANLEY,  Thomas  F.,  Jr.  (M  1933)  Pres.  (for 
mail)  Hanley  &  Co,,  1503  S.  Michigan  Ave., 
Chicago,  111. 

•HANNIGAN,  William  (M  1940)  Bldg.  Supt., 
Acacia  Mutual  Life  Insurance  Co.,  51  Louisiana 
Aye.,  Washington,  D.  C.,  and  (for  mail)  Route  2, 
Silver  Spring,  Md. 

HANSLER,  J  '      - 


ANSLER,  John  E.  (M  1937)  Field  Engr.,  Delco 
Appliance  Div.,  General  Motors  Sales  Corp.,  391 
Lyell  Ave.,  Rochester,  N.  Y.,  and  (for  mail) 
104  Nelson  PI.,  Westfield,  N.  J.  ^  ' 

HANSON  Leon  C  (A  1918)  Htg.  &  Plbg.  Con- 
tractor (for  mail)  Bjorkman  Bros.  Co.,  712 
Tenth  St.  S.,  and  4713  Townes  Rd.,  Minne- 
~-x>Iis,  Minn. 


5 1933)  Engr.,  U.  S.  Air  Conditioning  Corp.,  2101 

Kennedy  N.  E.,  and  (for  mail)  5027  Nokomis 

Ave.  S.,  Minneapolis,  Minn. 
HANTHORN,  Walter  (J  1939)  Engr.  (for  mail) 

Kleenair  Furnace  Co.,  5329  N.  E.  Sandy  Blvd. 

and  2946  Northeast  54th,  Portland,  Ore. 
HARBERGER,    G.    L.    (A    1939)    Sales   Mgr., 

Boiler  Div.,  The  Eastern  Foundry  Co.,  Boyer- 

town,  and  (for  mail)  855  N.  Evans  St.,  Pottstown, 


HARBORDT,  Otto  E.  (A  1936)  Sales  Mgr.  (for 
mail)  U.  S.  Supply  Co.,  1315  West  12th  St.,  and 
303  Brush  Creek  Blvd.,  Kansas  City,  Mo. 

HARD,  Amos  L.  (A  1938)  Chief  Engr.,  Thos. 
Emery  Sons  &  Co.,  Carew  Tower,  and  (for  mail) 
910  Kreis  Lane,  Cincinnati,  O. 

HARDEN,  J.  Clinton  (M  1938)  106  Courtland 
St.,  Dowagiac,  Mich. 

HARDING,  Edward  R.  (M  1936)  N.  C.  State 
Sales  Engr.  (for  mail)  Kewanee  Boiler  Corp., 
P.  0.  Box  536,  704  Jefferson  Bldg.,  Greensboro, 
and  Guilford  College,  N.  C. 

HARDING,  Louis  A.*  (M  1911)  (Presidential 
Member)  (Pres.,  1930;  1st  Vice-Pres.,  1929; 
2nd  Vice-Pres.,  1928;  Council,  1922-31)  Com- 
missioner of  Public  Works,  City  Hall,  and  (for 
mail)  85  Cleveland  Ave.,  Buffalo,  N.  Y. 

HARDY,  Frank  L.  (A  1941;  J  1937)  Secy,  (for 
mail)  Gulf- York  Co.,  2300  Third  Ave.  N.,  and 
2619  Arlington  Ave.  S.,  Birmingham,  Ala. 

HARMONAY,  William  L.  (A  1935)  Treas.  (for 
mail)  M.  J.  Harmonay,  Inc.,  124  Elm  St., 
Yonkers,  and  3  Brooklands,  Bronxville,  N.  Y. 

HARRIGAN,  Edward  M.  (M  1915)  Gen.  Mgr. 
(for  mail)  Harrigan  &  Reid  Co.,  1365  Bagley  Ave., 
and  7450  LaSalle  Blvd.,  Detroit,  Mich. 

HARRIGAN,  Edward  R.  (M  1939;  J  1930)  (for 
mail)  Harrigan  £  Reid  Co.,  1365  Bagley  Ave.,  and 
18688  Pennington  Dr.,  Detroit,  Mich. 

HARRINGTON,  Elliott*  (M  1932;  4  1930)  Sales 
Mgr.,  Western  Div.,  Air  Cond.  &  Commercial 
Refrigeration  Dept.  (for  mail)  General  Electric 
Co.,  Bloomfield,  and  17  Wilson  Terrace,  Cald- 
well,  N.  J. 

HARRIS,  Albert  M.  (U  1938)  Vice-Pres.  &  Gen. 
Mgr.,  Baker  Ice  Machine  Co.  of  Texas,  509  E. 
Third  St.,  and  (for  mail)  4415  Meadowbrook 
Dr.,  Ft.  Worth,  Tex. 

HARRIS,  Jesse  B.  (M  1918)  Co-Partner  (for  mail) 
Rose  &  Harris  Engineers,  416  Essex  Bldg.,  and 
3620  Colfax  Ave.  S.r  Minneapolis,  Minn. 

HARRISON,  George  G.  (M  1937)  Chief  Engr, 
(for  mail)  S.  T.  Johnson  Co.,  940  Arlington 
Ave.,  Oakland,  and  Durant  Hotel,  Berkeley, 
Calif. 

HARROWER,  William  G.  (A  1937)  Air  Cond. 
Engr.,  Timken  Silent  Automatic  Div.,  100-400 
Clark  Ave.,  Detroit,  and  (for  mail)  12561  Third 
Ave.,  Highland  Park,  Mich. 

HART,  F.  Donald  (J  1937)  Air  Cond.  Engr.  (for 
mail)  E.  I.  DuPont  de  Nemours  &  Co.,  Buffalo, 
N.  Y.,  and  623  Delaware  Ave.,  Wilmington,  Del. 

HART,  Harry  M.*  (M  1912)  (Presidential  Mem- 
ber) (Pres.,  1918;  1st  Vice-Pres.,  1915;  Council, 
1914-17)  Pres.  (for  mail)  L.  H.  Prentice  Co., 
1048  Van  Buren  St.,  and  3730  Lakeshore  Dr., 
Chicago,  111. 
HART,  Stanley  (M  1938)  Vice-Pres.,  Tuttle  & 

Bailey,  Inc.,  New  Britain,  Conn. 
HART,  Theodore  S.  (M  1938)  Engr.  (for  mail) 
Tuttle  &  Bailey,  Inc.,  and  630  Lincoln  St.,  New 
Britain,  Conn. 

HART-BAKER,  Henry  W.  (M  1918)  Prop,  (for 
mail)  Hart  Engineering  Co.,  392  E.  Seward  Rd., 
and  P.  0.  Box  1464,  and  530  Embankment 
Bldgs.,  Shanghai,  China. 

HARTIN,  William  Rhett,  Jr.  (J  1935)  Vice- 
Pres.-Secy.,  W.  R.  Hartin  &  Son,  Inc.,  2123 
Green  St.,  and  (for  mail)  2744  Trenholm  Rd., 
Columbia,  S.  C. 

HARTMAN,  John  M.  (M  1927)  Engr.  (for  mail) 
Kewanee  Boiler  Corp.,  and  618  Elliott  St., 
Kewanee,  111. 

HARTON,  A.  J.  (A  1935)  Sales  Engr.,  St.  Joseph 
Railway,  Light  Heat  &  Power  Co.,  510  Francis 
St.,  and  (for  mail)  730  E.  Hyde  Park  Ave.,  St. 
Joseph,  Mo. 

HARTSOOK,  Granville  S.,  Jr.  (A  1939)  Owner 
(for  mail)  G.  S.  Hartsook,  Jr.,  Plbg.  &  Htg, 
Contr,  P.  0.  Box  361,  and  112  E.  Fourth  St., 
Front  Royal,  Va. 
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HENDRICKSON,  W.  B.  (A  1940)  Service  Mgr., 

Highwood    Coal    Co.,    Inc.,    5    Sheffield   Ave., 

Englewood,  N.  J. 
HENDRIKSEN,  Leonard  (A  1938)  Prop.,  Hen- 

driksen  Sheet  Metal  &  Heating  Service,  1919 

Vernon  Ave,,  Flint,  Mich. 
HENION,  Hudson  D.  (A  1923)  Sales  Mgr.  (for 

mail)  C.  A.  Dunham  Co.,  Ltd.,  1523  Davenport 

Rd.,  and  45  Ridge  Dr.,  Toronto,  Ont.,  Canada, 
HENNESSY,    William   J.    (M   1938)    Personnel 

Dir.,  Green  Colonial  Furnace  Co.,  322  S.  W. 

Third,  and  (for  mail)  1238-47th  St.,  Des  Moines, 

la. 
HENRY,  Alexander  S.,  Jr.  (M  1930)  300  Central 

Park  West,  New  York,  N,  Y. 
HENRY,  Ernest  C.  (M  1938)  Mgr.,  E.  C.  Henry 

Co.,  101  Salzburg  Ave.,  and  (for  mail)  1115  Park 

Ave.,  Bay  City,  Mich. 
HENSZEY,  William  P.  (A  1940;  /  1935)  Engr., 

Carrier  Corp.,  and  (for  mail)  275  Westwood  Rd., 

Syracuse,  N.  Y. 
HEPBURN,  E.  M.  (A  1940)  Br.  Mgr.  (for  mail) 

Empire    Brass    Manufacturing    Co.,    Ltd.,    74 

Princess  St.,  and  1045  McMillan  Ave.,  Winnipeg 

Man.,  Canada. 
HERBERT,  James  S.  (J  1940)  Sales  Engr.  (for 

mail)  Blue  Ridge  Glass  Corp.,  and  177  W.  Sevier 

St.,  Kingsport,  Tenn. 
HERBERT,  Richard  M.  (J  1938)  Engr.  (for  mail) 

Herbert  Refrigeration,  311  E.  Sixth,  and  609 

Baltimore,  Waterloo,  la. 
BERING,  Alfred  (M  1935)  Pres.,  Hering  Heating 

Co.,  Inc.,  203  East  88th  St.,  and  (for  mail)  1830 

Tenbroeck  Ave.,  New  York,  N.  Y. 
HERLIHY,  Jeremiah  J.  (Life  Member;  M  1914) 

3751  Eddy  St.,  Chicago,  111. 
HERMAN,  Neil  B.  (J  1937;  5  1936)  Engr.  (for 

mail)  Riggs  Distler  &  Co.,  Inc.,  516  Fifth  Ave., 

New  York,  N.  Y.,  and  4217  Garfield  Ave.  S., 

Minneapolis,  Minn. 
HERO,  George  A.,  Jr.  (M  1940)  Partner,  Airflow 

Co.,  815  Baronne  St.,  New  Orleans,  and  (for  mail) 

P.  O.  Box  84,  Gretna,  and  Fort  St.  Leon,  Plazue- 

mines,  Parish,  La. 
HERRE.  Harold  A.  (S  1940)  Apprentice  in  PIbg., 

Htg.  &  Vtg.,  Herre  Bros.,  7th  &  Emerald  St.,  and 

(for  mail)  205  Montrose  St.,  Harrisburg,  Pa. 
HERRING,  Edgar  (Life  Member;  M  1919)  Chair- 
man and  Governing  Dir.  (for  mail)  J.  Jeffreys  & 

Co.,  St.  George's  House,  195-203  Waterloo  Rd., 

London,  S.  E.  1,  and   "Kenia,"    Keswick  Rd., 

Putney,  London,  S.  W.,  England. 
HERSH,  Franklin  C.  (M  1939;  A  1933;  J  1930) 

Specialty  Engr.,  Pennsylvania  Power  &  Light 

Co.,  901  Hamilton  St.,  and  (for  mail)  317  South 

16th  St.,  Allentown,  Pa. 
HERSHEY,  Albert  E.*  (M  1940)  Research  Asst. 

Prof,  (for  mail)  University  of  Illinois,  and  408  E. 

Washington  St.,  Urbana,  111. 
HERSKE,  Arthur  R.  (M  1926)  Pres.,  Herske  & 

Timmis,  Inc.,  11  West  42nd  St.,  New  York,  and 

(for  mail)  101  Brookfield  Rd.,  Mt.  Vernon,  N.  Y. 
HERTY,  Frank  B.  (M  1933)  The  Gas  Engine  & 

Electric  Co.,  Inc.,  280  Meeting  St.,  and  (for  mail) 

294  Congress  St.,  Charleston,  S.  C. 
HERTZLER,  John  R.*  (U  1936;  /  1928)  Gen. 

Sales  Mgr.  (for  mail)  York  Ice  Machinery  Corp., 

and  863  S.  George  St.,  York,  Pa. 
HESS,   Arthur  J.    (M   1937)    Engr.    (for  mail) 

English  &  Lauer,  Inc.,  1978  S.  Los  Angeles  St., 

and  2616  West  70th  St.,  Los  Angeles,  Calif. 
HESSELSCHWERDT,  August  L.,  Jr.  (M  1940- 

J  1937)  Asst.  Prof,  of  Mech.  Engrg.,  Wayne 

University,  4841  Cass  Ave.,  and  (for  mail)  15722 

Kentucky  Ave.,  Detroit,  Mich. 
HESSLER,  Lester  W.  (M  1936)  Mgr.,  The  Trane 

Co.,  1835  N.  Third  St.,  and  (for  mail)  6034  N. 

Bayridge  Ave.,  Milwaukee,  Wis. 
HESTER,  Thomas  J.  (M  1919)  Vice-Pres.-Treas. 

(for  mail)  Hester  Bradley  Co.,  2835  Washington 

and  67  Aberdeen  PL,  St.  Louis,  Mo. 


HEWETT,  John  B.  (M  1937;  A  1935)  Sales  Mgr., 
Anemostat  Corp.  of  America,  10  East  39th  St., 
New  York,  and  (for  mail)  Sussex  Hall,  Dobbs 
Ferry,  N.  Y. 

HEYDON,  Charles  G.  (A  1923)  Mgr.  Sales 
Western  Div.,  Wright  Austin  Co.,  315  Wood- 
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Dir.  (for  mail)  Central  Bureau  for  Heating  &  Air 
Conditioning,  3030  Euclid  Ave.,  Cleveland,  and 
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(for  mail)  Fox  Furnace  Div.,  American  Radiator 
&  Standard  Sanitary  Corp.,  and  Y.  M.  C.  A., 
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KARLSTEEN,  Gustav  H.  (M  1935)  Plant  Engr., 
Dunlop  Tire  8z  Rubber  Corp.,  Buffalo  and  (for 
mail)  Box  55,  Route  1,  Tonawandu,  N.  Y. 
KARSUNKY,  William  K.  (M  1930)  Consulting 
Engr.  (for  mail)  1223  Connecticut  Avck.  N.  W., 
Washington,  D.  C.,  and  Three  Oak8,  Ken- 
sington, Md. 

KARTORIE,  V.  T.  (J  1935;  S  1933)  Asst.  to  Gen. 
Sales  Mgr.  (for  mail)  York  Ice  Machinery  Corp., 
York,  and  15,13  Third  Ave.,  Elrnwood,  York,  Pa. 
KAUFMAN,  Hiram  J.   (M  1937)   Htg.  &  Vtg. 
Engr.,  Commonwealth  &  Southern  Corp.,  Con- 
sumers Power  Bldg.,  Jackson,  and   (for  mail) 
13215  Roselawn  Ave,,  Detroit,  Mich. 
KAUP,  Edflar  O.  (M  1938)  Sales  Engr.,  Edgar  O, 
Kaup,  323  10th  St.,  San  Francisco,  and  (for  mail) 
1249  Garfield  Ave.,  Albany,  Calif. 
KAWASE,  Sumio  (M  1936)  Chief  Engr.,  Manahu 
Imono    Kabushiki    Kaisha,    105    5-dan   Toagai 
yamatoku,  Hoten,  and  (for  mail)  22  Awoi-cho, 
Yamatoku,  Hoten,  Manchoukuo. 
KEANE,  Gerard  F.  (M  1930)  In  charge  of  Engrg., 
Cooney    Refrigeration    Co.,    228    Walton    St., 
Syracuse,  and  (for  mail)  316  Haddonfield  Dr., 
Dewitt,  N.  Y. 

KEARNEY,  Joseph  S.  (M  1939)  Pres.  &  Mgr., 
Northwestern  Heating  &  Plumbing  Co.,  1465 
Sherman  Ave.,  and  (for  mail)  2001  Bennett  Ave., 
Evanston,  111. 
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KEATING,  Arthur  J.  (M  1937)  Engr.  (for  mail) 

Powers  Regulator  Co.,  2720  Grecnview  Ave.,  and 

4420  W,  Congress  St.,  Chicago,  111. 
KEELAND,   B.  W.   (A   1938)   Owner  (for  mail) 

B.  W.  Keeland  Heating  Co.,  2711  Westheimer, 

and  2723  Kipling  St.,  Houston,  Tex. 
KEELING,  Fred.  V.   (A   1940)  Planner  &  Esti- 
mator, Htg.  &  Plbg.,  Kldg.  No.  11,  Public  Works 

Uopt.,  Philadelphia  Navy  Yard,  and  (for  mail) 

1)00  Arrott  St.,  Philadelphia,  Pa. 
KEENEY,  Frank  P.   (A  1915)  Pres.   (for  mail) 

JCeeney  Publishing  Co.,  C  N,  Michigan  Ave.,  and 

705!)  South  Shore  Dr.,  Chicago,  111. 
KEIIM,  Horace  Stevens  (M  1928))Pres.  (for  mail) 

The  Ivehm  Corporation,  51,  E.  Grand  Ave.,  and 

3240  Lake  Shore  Dr.,  Chicago,  111. 
KEITH,  James  P.  (M  1938)   Consulting  Engr., 

Vice-Pn.!8.,  Canadian  Domestic  Engineering  Co., 

Ltd.,  1440  St.  Catherine  St.  W.,  and  (for  mail) 

5190  Durocher  Ave.,  Montreal,  Que.,  Canada. 
KEITHLEY,    Frank  R.    (J  1939)   Sales  Engr., 

Malvln  &  May,  inc.,  2427  S.  Michigan  Ave., 

Chicago,    111.,  and   (for  mail)   1152  Pearl  St., 

Denver,  Colo. 
KBLBLB,  Frank  R.  (M  1928)  Vice-Pres.  &  Mgr. 

(for  mail)   Huff  man- Wolfe  Co.  of  Philadelphia, 

4000    North   18th   St.,    Philadelphia,   and   805 

Pleasant  Ave.,  Glenaide,  Pa. 
KELLA,  Waldon  B.  (M  1939)  Mgr.,  Air  Cond. 

Dcpt.  (for  mail)  Fairbanks,  Morse  &  Co.,  217  S. 

Eighth  St.,  St.  Louis,  and  No.  4  Salisbury  Dr., 

Air  Port  Park,  St.  Louis  Co.,  Mo. 
KELLER,  Georfce  A.  (A  1938)  (for  mail)  P.  O. 

Hox  481,  Wuntagh,  L.  [.,  N.  Y. 
KELLEY,  Francis  J.  (.4  1940)  Mfrs.  Repr.  (for 

mail)  200  Alva  Hldg.,  810  Union  St.,  and  0301 

CoiiHtanee  St.,  New  Orleans,  La. 
KELLEY,  James  J.  (A  1924)  Fuel  Oil  &  Burner 

ABSL  (for  mail)   Colonial  Beacon  Oil    Co.,  378 

Stuart  St.,   Boston,  and  142  Governors  Ave., 

Mcdford,  Mass. 
KELLOGG,  Alfred  S.   (Life  Member:  M  1910) 

(Council,   1920-21;   1923-24)   Consulting  Engr., 

Belmont,  Mass. 
KELLOGG,   Winston  T.   (A   1938)   Owner  (for 

mail)  The  W.  T,  Kellogg  Co.,  218  Pyramid  Bldg., 

and  2020  Country  Club  Lane,  Little  Rock,  Ark. 
KELLY,  Charles  J.  (M  1931)  Agent,  Jamea  P. 

Murnh  Corp.,   155  East  44th  St.,   New  York, 

N.    Y.,   and   (for  mail)   440   Fail-mount  Ave., 

Jersey  City,  N.  J. 
KELLY,  II.  J,  (A  1940)  Sales  Engr.  (for  mail) 

810   Howard  Ave.,   and  4105   Elba  St.,   New 

Orleans,  La. 
KELLY,  OHn  Arthur  (.S  1940)  Student,  Mech. 

Krwg,  (for  mail)  Michigan  State  College,  North 

Hall,  Kant  Lunaing,  Mich. 
KELLY,  Wilbur  C.  (M  1935)  Field  Engr.  (for 

mail)     Iron    Fireman    Manufacturing    Co.    of 

Canada,  Ltd.,  002  King  St.  W.,  and  58  Elms- 

thorpe  Ave.,  Toronto,  Ont.,  Canada. 
KELSEY,  Harold  D.  (M  1940)  Engr.  (for  mail) 

General  Electric  Co.,  5  Lawrence  St.,  Bloomfield, 

and  80  Francis  PI.,  Caldwell,  N.  J. 
KENNEDY,  Maron  (A  1930;  J  1930)  Sales  Engr. 

(for  mail)  York  Ice  Machinery  Corp.,  5051  Santa 

Fe  Ave.,  Los  Angeles,  and  2704  Carlaris  Rd,, 

San  Marino,  Calif. 
KENNEDY,  Owen  A.  (7  1938:  S  1933)  Plbg.  & 

Htff.  Engr.  (fur  mail)  2431  Dixie  Highway,  South 

Ft.  Mitchell,  Ky. 
KBNNKY,  Thomas  W.  (M  1937)  Sales  Engr., 

K.  J.  Deckman  Co.,  Oliver  Hlclg.,  and  (for  mail) 

214  Gilliland  PL,  Bellevue,  Pittsburgh,  Pa. 
KENT,  Laurence  F.  (A  1927:  J  1924)  Pres.  (for 

mail)  Moncrief  Furnace  Co.,  P.  0.  Box  1073,  and 

1515  Morningaide  Dr.  N,  E.,  Atlanta,  Ga. 
KENT,  Richard  L.   (M  1936)   Dist.  Mgr.   (for 

mail)  Tranc  Co.  of  Canada,  Ltd.,  305  Margrave 

St.,  Winnipeg,  Man.,  Canada. 


KEPLER,  Donald  A.  (J  1936;  5  1934)  Operating 
Engr.,  N.  Y.  Stock  Exchange  Bldg.  Co.,  20 
Broad  St.,  and  (for  mail)  28  West  73rd  St., 
New  York,  N.  Y. 

KERN,  Joseph  F.,  Jr.  (A  1937)  Assoc.  Editor, 
Heating  &  Ventilating,  148  Lafayette  St.,  New 
York,  N.  Y.,  and  (for  mail)  42-16  80th  St., 
Elmhurst,  L.  I.,  N.  Y. 

KERN,  Raymond  T.  (M  1927)  Chief  Engr., 
Jennison  Co.,  17  Putnam  St.,  Fitchburg,  and 
(for  mail)  51  Claflin  St.,  Leominster,  Mass. 

KERR,  Gerald  C.  (A  1940)  Acoustical  Engr.  (for 
mail)  Taylor-Seidenbach,  Inc.,  1401  Tchoupi- 
toulas  St.,  and  625  Pine  St.,  No.  2,  New  Orleans, 
La. 

KERR,  William  E.  (M  1937)  Sales  Repr.  (for 
mail)  1201  Hyatt  Ave.,  Columbia,  S.  C. 

KERSHAW,  Melville  G.  (M  1932:  A  1926;  J  1921) 
Vtg.  &  Air  Cond.  Engr.  (for  mail)  E.  I.  DuPont 
de  Nemours  &  Co.,  Wilmington,  Del.,  and  7313 
North  21st  St.,  Philadelphia,  Pa. 


KESSLER,  Clarence  F.  (M  1938)  Asst.  Prof. 
Mech.  Engrg.  (for  mail)  University  of  Michigan, 
241  W.  Engrg.  Bldg.,  and  1756  Broadway, 


Ann  Arbor,  Mich. 
KETTER,  Jack  W.  (7  1937)  Draftsman,  Krenz  & 

Co.,  5114  W.  Center  St.,  and  (for  mail)  3042  N. 

Second  St.,  Milwaukee,  Wis. 
KEYSER,   Herman  M.    (A   1937)   Sales  Engr., 

M.  W.  Sales  &  Co.,  801  W.  Baltimore,  Detroit, 

and  (for  mail)  10703  Hart,  Huntington  Woods, 

Royal  Oak,  Mich. 
KICZALES,  Maurice  D.  (M  1935)  Mech.  Engr., 

U.  S.  Army  Motion  Picture  Service,  Tower  Bldg., 

and  (for  mail)  6200-31  St.  N.  W.,  Washington, 

D.  C. 
KIDD,   Charles  R.    (A   1938)   Owner  &  Engr., 

C,   R.   Kidd  Co.,  712  N.   Broadway,  and  (for 

mail)  611  Northwest  28th  St.,  Apt.  1,  Oklahoma 

City,  Okla. 
KIEFER,  Carl  J.  (M  1022)  Vice-Pres.  &  Treas. 

(for  mail)  Schenley  Products  Co.,  607   Schmidt 

Bldg.,  and  984  Lenox  Place,  Avondale,  Cincin- 

nati, 0. 
KIEFER,  Elmer  J.  (A  1932;  J  1928)  Mgr.  (for 

mail)  H.  C.  Archibald  Co.,  400  Main  St.,  and 

108  N.  Sixth  St.,  Stroudsburg,  Pa. 
KILLEEN,  Edmund  F.  (A  1941)  Sales  Engr.  (for 

mail)  Shecllov  Oil  Burners,  Inc.,  717  Third  Ave. 

S.,  and  Nordic  Hotel,  Third  Ave.  S.  and  Ninth 

St.,  Minneapolis,  Minn. 
KILLIAN,  V.  J.  (A  1937)  Pres.  (for  mail)  V.  J. 

Killian  Co.,  907  Linden  Ave.,  and  1348  Edgewood 

Lane,  Winnetka,  111. 
KILLIAN,   William   J.    (A    1940)    Sales   Repr., 

Herman   Nelson   Corp.,   and    (for   mail)    3810 

Edwards  Rd.,  Cincinnati,  O. 
KILLOUGH,  Robert  E.  (A  1938)  Engr.,  Standard 

Oil  Co.  of  Pennsylvania,  1618  N.  Broad  St.,  and 

(for  mail)  2108  E.  Chelten  Ave.,  Germantown, 

Philadelphia,  Pa. 
KILNER,  John  S.  (M  1929)  Sales  Engr.  ,  Clarage 

Fan  Co.,  7310  Woodward  Ave.,  and  (for  mail) 

1091  Scminole  Ave.,  Detroit,  Mich. 
KILPATRICK,  William  S.  (M.  1923)  (for  mail) 

W.  S.  Kilpatrick  &  Co.,  1100  East  33rd  St., 

Los  Angeles,  Calif. 
KIM  BALL,  Charles  W.  (M  1915)  Trcaa.  (for  mail) 

Richard  D.  Kimball  Co.,  6  Beacon  St.,  Boston, 

and  65  Prescott  St.,  W.  Medford,  Mass. 
KIMBALL,  Dwifeht  D.*  (Life  Member;  M  1908) 

(Presidential   Member)    (Pres.,   1915;  2nd  Vice- 

Prea.,  1914;  Board  of  Governors,  1912-16)  Con- 

sulting  Engr.    (for   mail)    Room   1728,   Grand 

Central  Terminal  Bldg.,  and  145  West  58th  St., 

New  York,  N.  Y. 
KIMBLE,  Carl  W.  (J  1938)  Owner-Partner  (for 

mail)  Advance  Heating  &  Sheet  Metal  Works, 

315  24th  St.,  and  1620  22nd  St.,  Rock  Island,  111. 
KIMMELL,  Phillip  M.  (A  1941;  J  1930)  Asst. 

Mech.  Engr.,  Eastman  Kodak  Co.,  Kodak  Park, 

and  (for  mail)  50  Freemont  Rd.,  Rochester,  N.  Y. 
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KING  AIDE,  Merrill  G.  (M  1939;  A  1937;  /  1936) 
(for  mail)  Aero  Products  Div.,  and  729  Grand 
Ave.,  Dayton,  O. 

KING,  Arthur  C.  (M  1936)  Consulting  Engr., 
35  S.  Dearborn  St.,  Chicago,  111. 

KING,  John  S.  (A  1940)  Mech.  Inspector  (for 
mail)  c/o  Office  of  Constructing  Quartermaster, 
Ft.  Dix,  and  134  Garden  St.,  Mount  Holly,  N.  J. 

KING,  Robert  W.  (A  1940)  Sales  Engr.  (for  mail) 
Asbestos  Covering  &  Roofing  Co.,  4104  Georgia 
Ave.,  Washington,  D.  C.,  and  5705  York  Lane, 
Greenwich  Forest,  Md. 

KING,  Roy  L.  (J  1936;  5  1933)  Engr.,  Delco 
Appliance  Div.,  General  Motors  Corp.,  and  (for 
mail)  1011  University  Ave.,  Rochester,  N.  Y. 

KINGSLAND,  George  D.  (M  1935)  Vice-Pres. 
(for  mail)  Perfex  Corp.,  370  Lexington  Ave.,  and 
59  East  56th  St.,  New  York,  N.  Y. 

KINGSWELL,  William  E.  (M  1935)  Pres.  (for 
mail)  William  E.  Kingswell,  Inc.,  3707  Georgia 
Ave.  N.  W.,  and  2739  Macomb  St.  N.  W., 
Washington,  D.  C. 

KINNEY,  Aldon  M.  (M  1936)  Pres.  (for  mail) 
A.  M.  Kinney,  Inc.,  Cons.  Engrs.,  1301  Enquirer 
Bldg.,  Cincinnati,  and  7013  Rembold  Ave., 
Mariemont,  O. 

KIPE,  J.  Morgan  (M  1919)  Dir.  of  Education, 
Anthracite  Merchandising  School,  Primos,  and 
(for  mail)  801  Homestead  Ave.,  Beechwood, 
Del.  Co.,  Pa. 

KIPP,  Theodore  (M  1937)  Pres.  &  Managing 
Dir.  (for  mail)  Kipp- Kelly,  Ltd.,  68  Higgins  Ave., 
and  1030  Wellington  Crescent,  Winnipeg,  Man., 
Canada. 

KIRKBRIDE,  J.  Owen  (M  1938)  Partner  (for 
mail)  Parent  &  Kirkbridc,  N.  W.  Corner  Fourth 
&  Locusts  Sts.,  Philadelphia,  Pa.,  and  1121 
Eldridge  Ave.,  West  Collingswood,  NT.  J. 

KIRKENDALL,  Horton  J.  (A  1938)  Sales  Repr., 
Htg,  Equip.,  291  Catalpa  PL,  Pittsburgh  (16), 
Pa. 

KIRKPATRICK,  Arthur  H.  (M  1935;  J  1931) 
Dist.  Sales  Engr.  &  Mgr.  (for  mail)  Ilg  Electric 
Ventilating  Co.,  415  Brainard  St.,  and  Hotel 
Webster  Hall,  Detroit,  Mich. 

KIRTLAND,  Eugene  M.  (A  1940)  Mgr.,  Engi- 
neering Specialty  Co.,  Gary,  Ind. 

KITAURA,  Shigeyuki  (M  1918)  191  Gotanda  6 
Chome,  Shanagawa-ku,  Tokyo,  Japan. 

KITCHEN,  Francis  A.  (A  1927;  J  1923)  Pres. 
(for  mail)  American  Warming  &  Ventilating  Co., 
1514  Prospect  Ave.F  Cleveland,  and  2077  Campus 
Rd.,  South  Euclid,  0. 

KITCHEN,  John  H.  (Life  Member;  M  1906)  Pres. 
&  Mgr.  (for  mail)  John  H.  Kitchen  &  Co.,  1016 
Baltimore  Ave.,  and  5015  Westwood  Terrace, 
Kansas  City,  Mo. 

KITCHEN,  William  H.  J.  (A  1938)  Engr.  (for 
mail)  Engineering  Installations,  Ltd.,  1154 
Beaver  Hall  Square,  Montreal,  Que.,  Canada. 

KLAGES,  Frank  E.  P.  (M  1940)  Dist.  Mgr.  (for 
mail)  The  Powers  Regulator  Co.,  1034  Jefferson 
Standard  Bldg.,  and  1512  Edgedale  Road, 
Greensboro,  N.  C. 

KLEIN,  Albert  R.  (M  1920)  Managing  Dir.  (for 
mail)  Lufttechnische  Gesellschaft,  Stuttgart-W, 
Konigstrasse  84,  and  Heidehofstrasse  40,  Stutt- 
gart, Germany. 

KLEIN,  Edward  W.  (M  1917)  Dist.  Repr.  (for 
mail)  Warren  Webster  &  Co.,  152  Nassau  St. 
N.  W.,  and  456  Peachtree  Battle  Ave.,  Atlanta, 
Ga. 

KLEIN,  Fred  R.  (A  1940)  Asst.  Mgr.  Htg.  Dept., 
Globe  Machinery  &  Supply  Co.,  205  Court 
Ave.,  and  (for  mail)  1434  45th  St.,  Des  Moines, 
la. 

KLEINKAUF,  Henry  (M  1938;  J  1937)  Mgr.  (for 
mail)  Natkin  &  Co.,  1729  Howard  St.,  and  2739 
Fontenelle  Blvd.,  Omaha,  Nebr. 

KLIE,  Walter  (M  1915)  Pres.  (for  mail)  The 
Smith  &  Oby  Co.,  6107  Carnegie  Ave.,  Cleveland 
and  18411  S.  Woodland  Ave.,  Shaker  Heights,  O. 


KLIEFOTH,  Max  H.  (A  1939)  Trcas.  (for  mail) 
Research  Products  Corp.,  1011-15  E.  Washington 
Ave.,  and  Fuller's  Woods,  Madison,  Wis. 
KLUCKHUHN,  Frederick  H.  (J  1940)  Engr.  £ 
Draftsman,   Eberly  &   Brand,   0105    Blair  Rd, 
N.  W.,  Washington,  D.  C.,  and  (for  mail)  1110 
Montgomery  Ave.,  Laurel,  Md. 
KLUGE,    Burnett   M.    (J    1938)    Sales    Engr., 
Bayley  Blower  Co.,  1817  South  00th  St.,  and  (for 
mail)  1018-A  North  35th  St.,  Milwaukee,  Wis. 
KNAPP,  Andrew  E.  (M  1937)   En«r.  (for  mail) 
Nash  Kelvinator,  14250  Plymouth  Rd.,  and  8050 
Sorrento,  Detroit,  Mich. 

KNAPP,  Don  S.  (A  1936)  Dist.  Mgr.  (for  mail) 
Chamberlin  Metal  Weather  Strip  Co.,  Inc.,  2400 
Hennepin  Ave.,  and  4G07  Woocldale  Ave., 
Minneapolis,  Minn. 

KNEPPER,  H.  H.  (A  1938)  Erection  Engr,  (for 
mail)  Minneapolis-Honeywell  Regulator  Co.,  378 
Saunders-Kennedy  Bldj?.,  Omaha,  Ncbr.,  and 
122  Gold  St.,  Kendallville,  Ind. 
KNIBB,  Alfred  E.  (M  1930)  Htg.  Kn«r.  (for  mail) 
L.  L.  McConachie  Co.,  1003  Maryland  Ave., 
and  9333  E.  Jefferson  Ave.,  Detroit,  Mich. 
KNOWLES,  Elwin  L.  (A  1937)  Owner  (for  mail) 
Knowles  Air  Conditioning,  1324  Marshall  St. 
N.  E.,  and  400  Thomas  Ave.  S.,  Minneapolis, 
Minn. 

KNOWLES,  Frank  R.  (A  1938)  Dir.  Commercial 
Engrg.  Dept.  (for  mail)  Pennsylvania  Electric 
Co.,  535  Vine  St.,  and  R.  D.  4,  Box  340,  Johns- 
town, Pa. 

KNOX,  John  C.  (A  1938)  Sccy.-Trcas.  (for  mail) 
Waterloo    Register    Co.,    and    17(5    Gates    St., 
Waterloo,  la. 
KNUDSEN,   William   R.    (M   1937)    Consulting 

Engr.,  897  S.  Eighth  St.,  San  Joae,  Calif. 
KOCH,  Albert  H.   (M  1938)   Br.  Mgr.,  Minne- 
apolis-Honeywell Regulator  Co.,   101   Marietta 
Bldg.,    and    (for    mail)    3087    Peachtree    Rd., 
Atlanta,  Ga. 

KOCH,  Richard  G.  (A  1935)  Houaohcating  Engr, 
(for  mail)  Milwaukee  Gas  Light  Co.,  026  1C. 
Wisconsin  Ave.,  and  5707  W.  Brooklyn  PL, 
Milwaukee,  Wis. 

KOEHLER,  G.  Stewart  (A  1930)  Sales  Engr., 
Minneapolis- Honey  well  Regulator  Co.,  801 
Second  Ave.,  and  (for  mail)  4374  Richardson 
Ave.,  New  York,  N.  Y. 

KOENIG,  Andrew  C.  (J  1940)  Sales  Engr.,  J.  A. 
Koenig  Sheet  Metal  Works,  701  E.  Missouri  St., 
Evansvillc,  Ind. 

KOHLER,  John  C.  (A  1939)  Partner  (for  mail) 
John  C.  Kohler  Co.,  554  North  16th  St.,  and  629 
Crestview  Road,  Philadelphia,  Pa, 
KOHLER,  Walter  J.,  Jr.  (A  1033)  Secy,  (for  mail) 

Kohler  Co.,  and  "Windway,"  Kohler,  Wia. 
KOLB,   Fred   W.    (M   1938)    Owner   (for   mail) 
Fred  W.  Kolb,  598  Monadnock  Bldg.,  and  82 
Macondray  St.,  San  Francisco,  Calif. 
KOLB,  Robert  P.  (M  1939)  Prof,  of  Heat  Power 
Engrg.  (for  mail)  Worcester  Polytechnic  Insti- 
tute, and  215  May  St.,  Worcester,  Mass. 
KOLLAS,  Will  J.  (M  1939)  Chief  Engr.,  Montag 
Stove   &   Furnace  Works,   2011    N,"   Columbia 
Blvd.,  and  (for  mail)  6104  N.  Missouri  Ave., 
Portland,  Ore. 

KONZO,  S.*  (M  1937;  A  1936;  /  1932)  Special 
Research  Asst.  Prof,,  University  of  Illinois,  Mech. 
Engrg.  Lab.,  and  (for  mail)  1108  W.  Stoughton 
St.,  Urbana,  III. 

KOOISTRA,  John  F.  (M  1933)  Br.  Mgr.  (for  mail) 
Carrier  Corp.,  025  Market  St.,  San  Francisco, 
and  1245  Laguna  Ave.,  Burlingame,  Calif. 
KORN,  Charles  B.  (M  1922)  Member  of  Firm, 
Reber-Korn  Co.,  817  Cumberland  St.,  and  (for 
mail)  1022  S.  Eighth  St.,  Allentown,  Pa. 
KOSTER,  Howard  H.   (J   1939)   Asst.   Prof,  of 
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Natural  Gas  Co.,  545  Wm.  Penn  Way,  Pitts- 
burgh, and  (for  mail)  443  Althea  St.,  Pittsburgh 
10,  Pa. 

LOWNSBERY,  Benjamin  F.  (M  1920)  Htg. 
Engr.,  Benjamin  F.  Shaw  Co.,  Second  and 
Lombard  Sts.,  and  (for  mail)  21  S.  Sycamore  St., 
Wilmington,  Del. 

LUCK,  Alexander  W.*  (Life  Member-,  M  1919) 
Pres.-Gen.  Mgr.  (for  mail)  Reading  Heater  & 
Supply  Co.,  Church  &  Woodward  Sts.,  Reading, 
and  Reiffton,  Pa. 

LUCKE,  Charles  E.  (M  1924)  Stevens  Prof. 
Mech.  Engrg.  (for  mail)  Columbia  University, 
Pupin  Bldg.,  and  186  Riverside  Dr.,  New  York, 
N.  Y. 

LUDLOW,  Harold  M.  (M  1940)  Sales  &  Engrg. 
(for  mail)  P.  O.  Box  1368,  and  Sewanee  Dr., 
Jackson,  Miss. 

LUND,  Clarence  E.*  (M  1936;  /  1935;  5  1933) 
Mech.  Engr.,  University  of  Minnesota,  Engrg. 
Experiment  Station,  Oak  St.  Labs.,  and  (for 
mail)  4817  12th  Avc.  S.F  Minneapolis,  Minn. 

LUNN,  Robert  J.  (J  1940)  Jr.  Apprentice  Engr., 

,  Donaldson  Co.,  Inc.,  666  Pelharn  Ave.,  St.  Paul, 
and  (for  mail)  215  Walnut  St.  S.  E.,  Apt.  4 A, 
Minneapolis,  Minn. 

LUTY,  Donald  J.  (M  1933)  Asst.  Gen.  Mgr., 
Air  Cond.  Div.  (for  mail)  Gar  Wood  Industries, 
Inc.,  7924  Riopelle  St.,  and  13661  Cloverlawn 
Ave.,  Detroit,  Mich. 

LYFORD,  Robert  G.  (J  1939)  Branch  Mgr.  (for 
mail)  The  Powers  Regulator  Co.,  1634  Allen 
Bldg.,  and  4716  St,  Johns  Dr.,  Dallas,  Tex. 

LYKE,  Henry  W.  (M  1938)  Gen.  Supt.,  Ames 
Iron  Works,  and  (for  mail)  26  W.  Oneida  St., 
Oswego,  N.  Y. 

LYLE,  J.  Irvine*  (M  1911)  (Presidential  Mem- 
ber) (Pres.,  1917;  Council,  1917-18)  Pres.  (for 
mail)  Carrier  Corp.,  and  Orchard  Rd.,  Syracuse, 

LYMAN,  Samuel  E.  (A  1924)  Buensod-Stacey 
Air  Conditioning,  Inc.,  60  East  42nd  St.,  New 
York,  N.  Y.,  and  (for  mail)  865  Hueston  St., 
Union,  N.  J. 

LYNCH,  James  R.  (A  1940)  Owner  (for  mail) 
Lynch  Furnace  Co.,  1804  N.  E.  Union,  and  2952 
N.  E.  Edgehill  PI.,  Portland,  Ore. 

LYNCH,  William  L.  (M.  1928)  Pres.  (for  mail) 
Rome-Turney  Radiator  Co.,  and  1205  N.  George 
St.,  Rome,  N.  Y. 

LYNN,  Frederick  E.  (M  1938)  Refrig.  Engr., 
Electric  Products  Corp.,  5624  Penn  Ave.,  Pitts- 
burgh, and  (for  mail)  312  Moyhend  St.,  Spring- 
dale,  Pa. 

LYNN,  Richard  G.  (J  1938)  1716  Marshall  Ave., 
St.  Paul,  Minn. 

LYON,  P.  S.  (M  1929)  Pres.  (for  mail)  Cochrane 
Corp.,  17th  St.  &  Allegheny  Ave.,  and  3416 
Warden  Dr.,  Philadelphia,  Pa. 

LYONS,  Cornelius  J.  (A  1932)  Sales  Engr.  (for 
mail)  Nash  Engrg.  Co.,  Wilson  Ave.,  South 
Norwalk,  and  5  Olmstead  PI.,  East  Norwalk, 
Conn. 
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MABLEY,  Louis  C.  (M  1937)  Sales  (for  mail) 
F.  J.  Evans  Engineering  Co.,  1110  Watts  BTdg., 
and  36  Pine  Crest  Rd.,  Birmingham,  Ala. 

MABLEY,  T.  Hollteter  (M  1930)  Chief  Kngr.  (for 
mail)  Mechanical  Heat  &  Cold,  Inc.,  7704 
Woodward  Ave.,  Detroit,  and  2323  Yorkshire 
Rd.,  Birmingham,  Mich. 

MABON,  James  E.  (,V  1939)  Student,  Carnegie 
Institute  of  Technology,  Pittsburgh,  and  (for 
mail)  340  N.  Walnut  St.,  Klairsvillc,  Pa. 

MACCUBBIN,  Howard  A.  (M  11)34)  Buyer,  Htg. 
Equip.,  Montgomery  Ward  £  Co.,  010  W.  Chicago 
Ave.,  Chicago,  and  (for  mail)  1511  Colfax  St., 
Evanston,  111. 

MACDONALD,  Donald  B.  (M  1930)  Sales  Engr., 
Donald  B.  Macdonald  Co.,  101  1C.  Walnut  St., 
Kingston,  Pa. 

MACDONALD,  Douglas  J,  (M  1935)  Vice-Pres,, 
Htg.  Div.  (for  mail)  Standard  Sanitary  & 
Dominion  Radiator  Co.,  Ltd.,  Roycc  &  Lane- 
downc,  and  90  Hudson  Dr.,  Toronto,  Ont,, 
Canada. 

MacEACKIN,  Graham  C.  (M  1938)  Diet,  Kngr., 
Frigidaire  Div.,  General  Motoro  Kales  Corp., 
2015  W.  Seventh  St.,  and  (for  mail)  5112  Byera 
Ave.,  Fort  Worth,  Tex. 

MacGREGOR,  Cecil  M.  (A  1930)  Htg.  Engr,, 
Portland  Gas  &  Coke  Co.,  Public  Service  Bldg., 
and  (for  mail)  1842  Southeast  41st  Ave.,  Port- 
land, Ore. 

MAGHEN,  James  T.  (A  1038;  /  1934)  Mgr., 
Sales  Agencies  (for  mail)  The  Ric-wiL  Co.,  15(52 
Union  Commerce  Bklg.,  and  Sterling  Hotel, 
Cleveland,  0. 

MACKEREL,  Ferdinand  (M  1039)  Mgr,  & 
Owner,  INCO,  "Industrie  et  Confort",  50  Rue 
Daguerre,  Algiers,  French  N.  Africa. 

MAGHIN,  Donald  W.  (J  1035)  Fuel  Kngr., 
Pittsburgh  &  Midway  Coal  Mining  Co.,  81(1 
Dwight  Bldg.,  Kanaaa  City,  Mo.,  and  (for  mail) 
2112  Vermont  St.,  Lawrence,  Runs, 

MACK,  Emil  H.  (A  1938)  Ami,  Sales  Mgr., 
The  Vilter  Manufacturing  Co,,  2217  55.  First  St., 
and  (for  mail)  2225  N.  'Booth  St.,  Milwaukee, 
Wis. 

MACK,  Ludwijj  (M  1935)  Dist,  Mgr.,  Cooling 
&  Air  Cond.  Div.,  B.  F.  SturLevant  Co.,  Creamont 
&  Haddon  Avos.,  Camclen,  N.  J,,  and  (for  mail) 
412  W.  Horttcr  St.,  Germantown,  Philadelphia, 
Pa. 

MacLACHLAN,  Victor  D.  (A  1939;  .7"  1038)  Sales 
Engr.,  Honey  well- Brown,  Ltd.,  Wadsworth  Rd., 
Perivale,  Grecnford,  Middlesex,  England. 

MacLEAN,  Hector  A.  (M  1930)  Prop.  Sc  Mgr.  (for 
mail)  The  MacLean  Plumbing  Service,  P.  O. 
Box  400,  and  Tremoy  Rd.,  Norancla,  Que., 
Canada. 

MacMILLAN,  Alexander  R.  (M  1936)  Mgr., 
Detroit  Zone,  Delco  Appliance  Div,  (for  mail) 
General  Motors  Sales  Corp.,  2-160  General 
Motors  Bldg.,  and  2455  Longfellow  Ave.,  Detroit, 
Mich. 

MACRAE,  Robert  B.  (A  1939;  J  1935)  Engr, 
(for  mail)  E.  J.  Nell  Co.,  P.  0.  Box  1640,  Manila, 
and  No.  5  Palm  Court,  Pasay,  Riml,  P.  I. 

MACROW,  Lawrence  (A  1041;  J  1930)  Branch 
Chief  Engr.  (for  mail)  Carrier  Corp.,  12  South 
12th  St.,  Philadelphia,  and  Buttonwood  Way, 
Glenaide  Heights,  Pa. 

MacWATT,  Donald  A.  (M  1938)  Sales  Engr., 
Powers  Regulator  Co,,  231  East  40th  St.,  New 
York,  and  (for  mail)  4611-258th  St.,  Great 
Neck,  L.  L,  N.  Y. 

MADDUX,  0.  Lloyd  (M  1935;  A  1933)  Owner, 
O.  Lloyd  Maddux,  53  Park  Pi.,  New  York,  N.  Y., 
and  (for  mail)  17  Tallmadge  Avc.,  Chatham,  N.J, 

MADELY,  Frederick  J.  (A  1936)  Chief  Estimator, 
Eastern  Steel  Products,  Ltd.,  1335  Delorimier 
Ave.,  and  (for  mail)  6370  Louis-Hemon  St., 
Montreal,  Que.,  Canada. 
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MADISON,  Richard  IX  (M  1926)  Research  Engr. 
(for  mall)  Buffalo  Forge  Co.,  490  Broadway 
Buffalo,  and  218  Krantwood  Rd.,  Snyder,  N.  Y! 

MAKHLING,  Leon  S.  (M  1032)  Supt.  of  Service, 
Kquitabh*  (JiiB  Co.,  0304  Penn  Avc.,  and  (for 
mail)  778  Country  Club  Dr,  (16),  Pittsburgh,  Pa. 

MaGKE,  Kevin  B.  (A  1038)  Cargocaire  Engineer- 
ing Corp.,  if)  Park  Row,  New  York,  N.  Y. 

MaGIRL,  Willis  J.  (M  1034;  A  1931;  J  1927) 
Chief  Knur,  (for  mail)  P,  H.  MaGirl  Foundry  & 
Furnace  Works,  401-13  E,  Oakland  Ave.,  and 
lilt)  K.  Monroe  St.,  Bloornington,  111. 

MAGNU8SON,  Nicholas  (A  1938)  Estimator- 
DoHi'Kner-Sulea,  Montgomery  Ward  &  Co.,  150-15 
Jamaica  Ave.,  and  (for  mail)  138-05  Linden 
Blvd.,  Jamaica,  L.  I.,  N.  Y. 

MAIION,  B.  B.  (M  1935)  Principal,  School  of  Air 
Conditioning  (for  mail)  c/o  Rufua  T.  Strohm, 
Dean,  International  Correspondence  Schools,  and 
433  Fig  St.,  Scranton,  Pa. 

MAHON,  Clarence  A.  (A  1938)  Prea.-Mgr.  (for 
mail)  Air  Control  Equipment  Co.,  1712  Main  St., 
and  (1123  Kenwood  Ave.,  Kansas  City,  Mo. 

MAHON,  Frank  B*  (M  1937)  Incl.  Sales  Pro- 
motion (for  mail)  Duqueane  Light  Co.,  435 
Sixth  Ave.,  and  290  Le  Moyne  Ave..  (10), 
Pittsburgh,  Pa. 

MAHONKY,  David  J.  (M  1930;  A  1920)  Branch 
Mgr,  (tor  mall)  Johnson  Service  Co,,  503  Frank- 
lin St.,  and  140  Llnwood  Ave,,  Buffalo,  N.  Y. 

MAIER,  George  M.  (M  1921)  Mfg,  Dept,  (for 
mail)  American  Radiator  &  Standard  Sanitary 
Corp.,  HesMcmer  Hldg.,  Pittsburgh,  and  89 
Mayfair  Dr.,  Mt,  Lebanon,  Pa. 

MA1ER,  Herman  F.  (M  11)20)  Chief  Engr.'  & 
Secy,,  The.N'ew  York  Blower  Co.,  8155  Shields 
Ave,,  uucl  (for  mail)  7124  S.  Morgan  St.,  Chicago, 

MAKIN,  Henry  T.,  Jr.  (M  1030)  Kn«r.  &  Archts. 
Repr.,  American  Radiator  &  Standard  Sanitary 
Corp.,  2212  Walnut  St.,  and  (for  mail)  301 
WadHworth  Avc,»  Mt.  Airy,  Philadelphia,  Pa. 

MALIN,  Benjamin  S.  (M  1940;  J  1030)  Asaoc. 
Mwh,  Kngr.  &  Mech.  Inspector.,  Bureau  of 
Agricultural  Chemistry  8c  Kngrg.,  U.  S.  Dcpt.  of 
Agriculture,  and  (for  mail)  4925  Crescent  St., 
KricndHhlp  Station,  Washington,  D.  C. 

MALLIS,  William  (M  1914)  Archt  (for  mail) 
330  Lyon  JJUltf,,  and  723  Federal  Ave.,  Seattle, 
Wash. 

MALLY,  Cheater  F.  (M  1040;  A  1938)  Gen.  Mgr. 
(for  mail)  Mully  &  Co.,  307  Boulevard  Bldg., 
and  2034  Central  Avc\,  Ferndale,  Detroit,  Mich. 

M  ALONE,  Dayle  G.  (M  1929:  A  1925)  Br.  Mgr. 
(for  mall)  Petroleum  Heat  tfe  Power  Co.,  3301 
S.  California  Ave.,  and  7337  Merrill  Ave., 
Chicago,  111. 

MALONR,  James  8.  (A  1930)  Diet.  Repr.  (for 
mail)  Hoffman  Specialty  Co.,  411  N.  Tenth  St., 
SL  Louis,  Mo, 

MALVIN,  Ray  C.  (M  1929)  Prea,  (for  mail) 
Malvln  &  May,  Inc.,  2015  S.  Michigan  Ave., 
and  8220  Dante  Ave,,  Chicago,  111. 

MAN  DELL,  Thomaa  P.  (A  1937)  Sales,  Carrier 
Corn,,  704  Statler  Office  Bldg.,  Boston,  and  (for 
mail)  Walnut  Rd,,  South  Hamilton,  Mass. 

MANK,  Merrill  (A  1939)  Owner,  Merrill  Manic 
Co.,  14  Bonnefoy  PL,  and  (for  mail)  15  North 
Ave.,  New  Rochelle,  N.  Y. 

MANN,  Walter  Noah  (M  1939)  Gen.  Mgr., 
Hrockhouae  Heater  Co.,  Ltd.,  Victoria  Works, 
Weit  Bromwich,  Staffs.,  and  ^for  mail)  "Money- 
more"  Canwcll,  Sutton  Coldfield,  Warwickshire, 
England. 

MANNEN,  D.  Edward,  Jr.  (J  1939)  Vicc-Prcs., 
The  Manncn  &  Roth  Co.,  0108  Woodland  Ave., 
Cleveland,  and  (for  mail)  4157  Sllsby  Rd., 
University  Heights,  O. 

MANNING,  Charles  E.  (J  1937)  Refrig.  Sales 
Kngr,  (for  mail)  International  Harvester  Co., 
1413  West  14th  St.,  and  3219  Bellefontaine 
Ave,,  Kansas  City,  Mo. 


MANNY,  J.  Harvey  (A  1936)  Vice-Pres.  &  Secy. 
(for  mail)  Robinson  Furnace  Co.,  213  W.  Hub- 
bard  St.,  and  240  N.  Parkside  Ave.,  Chicago,  111. 

MR^CI1  •°'rEni1-H-0'  Jr<  (J  194°5  5  193g)  Student, 
Betz  Air  Conditioning  Corp.,  1820  Wyandotte, 
and  (for  mail)  212  S.  Monroe,  Kansas  City  Mo 

MARGONETT,  Vernon  G.  (A  1936)  Supt.,'  The 
Farquhar  Pumace  Co.,  and  (for'  mail)  216 
Fulton  St.,  Wilmington,  O. 

MARIN,  Axel*  (M  1935)  Assoc.  Prof.  Mech. 
Engrg.  (for  mail)  University  of  Michigan,  241 
W  Engineering  Bldg.,  and  P.  O.  Box  175,  Ann 
Arbor,  Mich. 

MARKBRT,  John  W.  (A  1940)  Assoc.  Naval 
Archt,  Htg.,  Vtg.  &  Air  Cond,,  U.  S.  Maritime 
Commission,  Dept.  of  Commerce  Bldg.,  Wash- 
ington, D.  C  and  (for  mail)  109  County  Rd., 
Ivensington,  Md. 

MARKLAND,  Charles  E.  (M  1939)  Mech. 
Operating  Engr.  (for  mail)  University  of  Illinois, 
110  Power  P  ant,  Urbana,  and  1117  W.  William 
St.,  Champaign,  111. 

M£^?S'  '£h??a?.der  ^'  (A  193°)  Chief  Engr., 
Richmond  Radiator  Co.,  818  Fayette  Title  & 
Trust  Bldg.,  Uniontown,  Pa. 


;  E,mc?T  U<  W  1931)  Mech-  Engr., 
Midland  Mechanical  Installations,  Inc.,  225  East  . 
21st  St.,  New  York,  N.  Y. 

M  ARRINER,  John  M.  S.  (M  1934)  Taylor  Engrg. 
&  Construction  Co.,  Ltd.,  80  Richmond  St  W 
and  (for  mail)  111}$  Balsam  Ave.,  Toronto,  Onti, 
Canada. 

MARSCHALL,  Peter  J.  (M  1930;  J  1927)  Engr,. 
kroeachcll  Engineering  Co.,  215  W.  Ontario  St., 

maU)  2°°9  Greenwood  Ave-' 


Albert  W.  (M  1937)  Inspector, 
Hartford  Steam  Boiler  Inspection  &  Insurance 
£0;'i8??  AJSOP]?1***"  Pittsburgh,  and  (for  mail) 
714  N.  St.  Clair  St.,  E.  E.-Pittsburgh,  Pa 

MnRS?nnf  c'  ^m^8  C/  1939)  EnRr-  The  Bahnaon 
Co.,  1001  S.  Marshall  St.,  and  (for  mail)  A2-121 
Twin  Castle  Apt.,  Winston-Salcm,  N.  C 

MARSHALL,  OrylUe  D.  (A  1931)  Mfrs.  Agent 
(for  mail)  514  Anderson  Bldg.,  and  1440  Fisk 
Rd.  S.  E.,  Grand  Rapids,  Mich. 

MARSHALL,  Stanley  C.  (M  1939)  Chief  Engr 
Mayflower-Lewis  Corp.,  Duluth   &  E.  Seventh 
St.,  St.  Paul,  and  (for  mail)  520  Fifth  St.  S.  E., 
Minneapolis,  Minn. 

MARSHALL,  Thomas  A.  (J  1937)  Sales  Engr., 
York  Ice  Machinery  Corp.,   1275  Folsom  St 
San  Francisco,  Calif. 

MARSHALL,  William  D.  (M  1935)  Br.  Mgr.  (for 
mail)  Noland  Co.,  Inc.,  1823  N.  Arlington  Ridge 
Rd.,  and  1307  N.  Wakefteld  St.,  Arlington,  Va. 

MARSTON,  Anson  D.*  (A  1937)  Ind.  Engr.  (for 
mail)  Kansas  City  Power  &  Light  Co  ,  1330 
Baltimore,  and  4943  Central,  Kansas  City,  Mo. 

MARTENS,  Edward  D.  (M  1937)  Mech.  Engr. 
(for  mail)  Thompson  Starrctt  Co.,  Inc.,  444 
Madison  Ave.,  New  York,  and  89  Eld  ridge  Ave., 
Hempstead,  L.  I.,  N,  Y. 

MARTIN,  Albert  B.  (M  1917)  Br.  Mgr.  (for  mail) 
Kewanee  Boiler  Co.,  1858  S.  Western  Ave., 
Chicago,  and  997  Vine  St.,  Winnctka,  111. 

MARTIN,  Geor&e  W.*  (M  1911)  Supervising 
Engr.  (for  mail)  U.  S.  Realty  &  Improvement 
Co,,  111  Broadway,  New  York,  N,  Y,,  and  340 
Prospect  St.,  Ridgewood,  N.  J.  • 

MARTIN,  John  O.  (A  1939)  Partner  (for  mail) 
J.  0.  &  C.  U.  Martin,  637  Minna  St.,  San  Fran- 
cisco, and  328  Jerome  Ave.,  Piedmont,  Calif. 

MARTIN,  Raymond  (A  1937)  Sales  Mgr..  Heal 
Dept.  (for  mail)  Vapor  Car  Heating  Co.  of 
Canada,  Ltd,,  05  Dalhousie  St.,  Montreal,  and 
18  Morris  St.,  Ste.  Therese,  Que.,  Canada. 

MARTINEZ,  Juan  J.  (A  1939;  J  1929)  Research 
&  Rate  Engr.,  The  Mexican  Light  &  Power  Co., 
Ltd.,  Gante  20,  and  (for  mail)  Paseo  de  la  Re- 
forma  183,  Mexico,  D.  F.,  Mexico. 
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MARTOGELLO,  Joseph  A.  (M  1934)  Pres.,  Jos, 

A.  Martocello  &  Co.,  229  North  13th  St.,  Phila- 
delphia, Pa. 

MARTY,  Edgar  O.  (M  1916)  Pennsylvania 
Turnpike  Commission,  Harrisburg,  and  (for  mail) 
218  North  20th  St.,  Pottsville,  Pa. 

MARTYN,  Henry  J.  (A  1937)  Pres.  (for  mail) 
Martyn  Bros.,  Inc.,  911  Camp  St.,  and  5306 
Ridgedale  St.,  Dallas,  Tex. 

MARZOLF,  Frank  X.  (A  1937)  Sales  Engr., 
Minneapolis-Honeywell  Regulator  Co.,  415 
Brainard  St.,  and  (for  mail)  15790  St.  Marys, 
Detroit,  Mich, 

MARZORATI,  Giuseppe  (M  1938)  Managing 
Dir.  (for  mail)  S.  i.  N.  C.  Giacomo  Jucker,  Via 
Mauro  Macchi  28,  and  Via  Baldissera  9,  Milan, 
Italy. 

MAST,  Clyde  M.  (A  1940)  Engr.  &  Mgr.  of  Htg. 
Dept.,  H,  E.  Saviers  &  Son,  Inc.,  W.  Second  at 
West  St.,  (for mail)  Box  1234,  and  536  Nixon  St., 
Reno,  Nev. 

MATCHETT,  James  G.  (M  1923)  Vice-Pres.  & 
Gen.  Mgr.  (for  mail)  Illinois  Engineering  Co., 
S.  Racine  Ave.  &  21st  St.,  and  9936  S.  Winchester 
Ave.,  Chicago,  111. 

MATHEKA,  Charles  R.  (S  1939)  Student,  New 
York  Technical  Inst.,  108  Fifth  Ave.,  New  York, 
N.  Y.,  and  (for  mail)  1506  Summit  Ave,,  Union 
City,  N.  J. 

MATHER,  Harry  H.  (A  1929)  Air  Cond.  Engr. 
(for  mail)  Philadelphia  Electric  Co.,  1000  Chest- 
nut St.,  Philadelphia,  and  373  Lake  view  Ave., 
Drexel  Hill,  Pa. 

MATHEWSON,  Marvin  E.  (M  1937)  Secy,  (for 
mail)  A.  M.  Kinney,  Inc.,  1301  Enquirer  Bldg., 
and  2156  Alpine  PI.,  Cincinnati,  O. 

MATHIS,  Eugene*  (M  1922)  Vice-Pres.  &  Treas., 
The  New  York  Blower  Co.,  32nd  St.  &  Shields 
Ave.,  Armour  P.  0.  Sta.,  Chicago,  111. 

MATHIS,  Henry  (M  1921)  New  York  Blower  Co., 
32nd  St.  &  Shields  Ave.,  Armour  P.  O.  Sta.,  and 
(for  mail)  10317  Oakley  Ave.,  Chicago,  111. 

MATHIS,  John  (A  1938)  Engr.,  407  S.  Tenth  St., 
Omaha,  Nebr. 

MATHIS,  Julien  W.  (A  1921)  New  York  Blower 
Co.,  32nd  &  Shields  Ave.,  Chicago,  111. 

MATHISON,  Russell  S.  (.4  1938)  Asst.  Mgr.  (for 
mail)  Weathermakers  (Canada)  Ltd.,  593  Ade- 
laide St.  W.,  and  44  Strathgowan  Ave.,  Toronto, 
Ont.,  Canada. 

MATOUSEK,  A.  G.  (M  1937)  Mfir.  (for  mail) 
Gamble  Store,  and  Schuyler,  Nebr. 

MATTHEWS,    John   E.    (M   1934)   Dist.   Mgr., 

B.  F.   Sturtevant  Co.,   1102   Commerce  Trust 
Bldg.,  and  (for  mail)  5642  Lydia  St.,  Kansas 
City,  Mo. 

MATTINGLY,  Maurice  F.  (A  1939)  Sales  Engr. 
(for  mail)  Johnson  Service  Co.,  1355  Washington 
Blvd.,  and  8028  Ingleside  Ave.,  Chicago,  111. 

MATZ,  George  N.  (M  1938)  Mech.  Engr.,  A. 
Ernest  D'Ambly,  2101  Architects  Bldg.,  Phila- 
delphia, and  (for  mail)  649  Feme  Ave.,  Drexel 

MATZEN,  Harry  B.  (M  1919)  Consulting 
Mechanical  Engr.,  185  Madison  Ave.,  New 
York,  and  (for  mail)  16  Addison  PI.,  Rockville 
Centre,  L.  I.,  N.  Y. 

MAVES,  George  D.  (A  1939)  Sales  Engr.  (for  mail) 
Minneapolis-Honeywell  Regulator  Co.,  1305 
Capitol,  and  2340  Wroxton  Rd.t  Houston,  Tex. 

MAWBY,  Pensyl  (M  1934)  Dist.  Sales  Mgr., 
Lehigh  Navigation  Coal  Co.,  123  S.  Broad  St., 
Philadelphia,  and  (for  mail)  100  Morton  Ave., 
Ridley  Park,  Pa. 

MAXWELL,  George  W.  (M  1935;  S  1932)  Engr., 
Cape  Cod  Heating  &  Engineering  Co.,  Lower 
County  Rd.,  Harwich  Port,  Mass. 

MAXWELL,  Robert  S.  (M  1937)  Gen.  Mgr 
Bennett  &  Wright.  Ltd.,  72  Queen  St.  E. 
Toronto,  Ont.,  Canada, 


MAY,  Arthur  O.  (A   1938;  J  1928)  Sales  Ensr. 

(for  mail)  Stannard  Power  Equipment  Co.,  53  W. 

Jackson  Blvd.,  and  5736  N.  Bernard  St.,  Chicago, 

111. 
MAY,  Clarence  W.  (M  1933)  Consulting  Engr, 

(for  mail)  1503  Smith  Tower,  and  6056  Fourth 

N.  E.,  Seattle,  Wash. 
MAY,  Edward  M.  (M  1931)  Office  Mgr.  &  Com- 

bustion Engr.,  Steel  Products  Engrg.  Co.,  1001 

S.  Michigan  Ave.,  Chicago,  and  (for  mail)  848 

N.  Ridgeland  Ave.,  Oak  Park,  111. 
MAY,  George  E.*  (M  1933)   Utilization  Engr. 

(for  mail)   New  Orleans   Public  vScrvice,    Inc., 

317    Baronne   St.,   and   2031    Short   St.,    New 

Orleans,  La. 
MAY,  James  W.  (M  1938;  J  1935)  Aasoc,  Prof., 

Htg.  &  Vtg.  (for  mail)  University  of  Kentucky, 

College  of  Engineering,  and  2(51  Lyndhurat  Pi., 

Lexington,  Ky. 
MAY,  Maxwell  F.  (M  1929)  Vice-Prea.  (for  mail) 

Young  Radiator  Co.,  Racine,  Wis.,  and  Palos 

Park,  111. 
MAYETTE,  Charles  E.  (M  1926)  Sales  Engr.,  E. 

B.  Badger  &  Sons,  Co.,  75  Pitts  St.,  and  (for 

mail)  Engineers  Club,  Boston,  Mass. 
MAYNARD,  J.  Earle  (M  1931)  Chief  Htg.  Engr,, 

Sales    Engrg.    Dept.,    American    Radiator    & 

Standard  Sanitary  Corp.,   and   (for  mail)   324 

Fifth  St.,  Elyria,  0. 
MAYNE,  Walter  L.  (M  1038)  Vice-Pres,  &  Sales 

Mgr.  (for  mail)  Marsh  Valve  Co.,  Brigliam  Rd. 

at  4th  St.,  and  741  Park  Ave.,  Dunkirk,  N.  Y. 
McBRIDE,  J.  Nevins  (A  1941)  Officer  (for  mail) 

Frank  A.  McBride  Co.,  Ward  St.  and  Dale  Ave., 

and  231  Wall  Ave.,  Paterson,  N.  J. 
McCAFFERTY,  Joseph  E.  (A  1937)  Dist.  En«r., 

Petroleum  Heat  &  Power  Co.,  419  Boylston  Kt., 

Boston,  and  (for  mail)  747  Front  St.,  Weymouth, 

Mass. 
McCAFFRAY,  Charles  E.  (M  1938)  Chief  Kngr. 

(for   mail)    McShain-Carrier   Air  'Conditioning 

Corp.,  2801  N.  Broad  St.,  Philadelphia,,  and  10  E. 

Montgomery  Ave.,  Bala-Cynwyd,  Pa. 
McCAIN,  H.  King  (M  1939;  A  1938;  J  1937) 

Consulting    Engr.     (for     mail)     Newcomb    & 

Boyd,  615  Trust  Co.  of  Ga.  Bldg.,  and  28  Old 

Ivy  Rd.,  Atlanta,  Ga. 

McCANN,  Frank  D.  (A  1039)  Sales  Supvr.  Air 
Cond.  (for  mail)  Weatinghousc  Electric  &  Manu- 
facturing Co.,  150  Broadway,  New  York,  uncl 
378  Scarsdale  Rcl.,  Crestwood,  Yonkers,  N.  Y. 


MCCARTHY,  John  J.  (A  1937)  Htg.  &  vtg. 

Engr.  (for  mail)  Providence  Public  School  Dept., 
20  Summer  St.,  and  318  Academy  Ave.,  Provi- 
dence, R.  I. 

MCCARTHY,  Thomas  F.  (M  1038)  Sales  Engr., 
Kroeschell  Engineering  Co.,  215  W.  Ontario  St., 
and  (for  mail)  6948  Calumet  Ave.,  Chicago,  111. 

McGAULEY,  James  H.  (M  1921)  Pres.  (for  mail) 
James  H.  McCauley  &  Sons,  5020  West  65th  St. 
Chicago,  and  707  William  St.,  River  Forest,  111. 

McGLANAHAN,  Luther  C.  (M  1930)  Dist.  Mgr. 
(for  mail)  Aerofm  Corp.,  003  Great  National 
Life  Bldg.,  and  811  S.  Tyler,  Dallas,  Tex. 

McCLELLAN,  James  E.  (M  1922)  Dist.  Mgr.  (for 
mail)  American  Blower  Corp.,  228  N.  LaSalle 
St.,  Chicago,  and  738  Marion  Ave.,  Highland 

McCLINTQCK,  William  (M  1935)  Consulting 
Engr.,  Board  of  Education,  34  14  East  12th  St., 
and  (for  mail)  647  East  232nd  St.,  New  York, 
N.  Y. 

McCLOSKEY,  John  H.  (A  1940)  Owner,  J.  H. 
McCloskey,  Plbg.  &  Htg.  Contractor,  109  North 
St.,  and  (for  mail)  304  Elkton  Blvd.,  Elkton,  Md. 

McCLUNG,  Tom  H.  (J  1939)  Sales  Engr.,  Brod 
&  McClung,  Lewis  Bldg.,  and  (for  mail)  6626 
N.  E.  Alameda,  Portland,  Ore. 

McCONACHIE,  Lome  L.  (A  1928)  Htg.  &  Plbg. 
Owner,  L.  L.  McConachie  Co.,  and  (for  mail) 
1415  Harvard  Rd.,  Grosse  Pointe  Park,  Mich. 
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MeGONNER,  Charles  R.  (A  1925;  J  1922)  Gen. 
Sales  MKIV  (for  mail)  Clarage  Fan  Co.,  and  1904 
Waitc  Ave.,  Kalamazoo,  Mich. 

McCORMACK,  Denis  (M  1933)  Mgr.  Air  Cond. 
Instruments  &  Controls  Dept.,  Julien  P.  Fricz  & 
Sons,  Inc.,  4  N.  Central  Ave.,  and  (for  mail) 
Ruxton  Post  Office,  Baltimore,  Md. 

McCO  Y,  O.  E.  (M  1936)  Partner  (for  mail)  Turner- 
McCoy,  315  W.  Second  St.,  and  3922  S.  Lookout 
Ave.,  Little  Rock,  Ark. 

McGOY,  Thomas  F.  (M  1924)  Mgr.  (for  mail) 
The  Powers  Regulator  Co.,  125  St.  Botolph  St., 
Boston,  and  Glen  Rd.,  Wcllesley  Farms,  Mass. 

McGKEA,  Joseph  B.  (M  1937)  Htg.  &  Vt«..  2919 
Dntxcl  Ave.,  Detroit,  Mich. 

McGREA,  Lester  W.  (M  1920)  Prop,  (for  mail) 
McCrea  Sales  Co.,  19  N.  Carrollton  Ave.,  and 
504  W,  University  Pkwy.,  Baltimore,  Md. 


Philadelphia,  Pa.  ' 

McGULLOUGH,  John  L.  (M  1930)  Asat.  Branch 
Mgr.  (for  mail)  National  Radiator  Co.,  403 
Arrott  Blclg.,  Pittsburgh,  and  105  Roycroft  Ave., 
Pittsburgh  (10),  Pa. 

McGUNE,  Byron  V.  (M  1928)  807  W.  Yakima 
Ave.,  Yakima,  Wash. 

McGUSKER,  James  P.  (S  1040)  Student, 
Catholic  University,  and  (for  mail)  1445  Evarts 
St.  N.  K,,  Washington,  D.  C. 

McDBRMOTT,  John  P.  (J  1939)  Br.  Engr.  (for 
mail)  The  Trane  Co.,  310  Postal  Bldg.,  S.  W. 
Third  &  Washington  St.,  and  3534  S.  E,  Clay- 
bourne,  Portland,  Ore. 

McDONALD,  Ivan  (A  \  938)  Dint.  Repr.  (for  mail) 
Minneapolis-Honeywell  Regulator  Co.,  Ltd,,  44 
PrinecHH  St.,  and  132  Kingston  Row,  Winnipeg, 
Man.,  Canada. 

McDONALD,  Thomas  (A  Km)  Vicc-Prea.  (for 
mail)  Minneapolis-Honeywell  Regulator  Co.,  and 
4019  Wooddule  Ave.,  Minneapolia,  Minn. 

McDONNICLL,  Everett  N.  (M  1923)  (Council, 
11)40)  Proa,  (for  mail)  McDonnell  &  Miller, 
400  N.  Michigan  Ave.,  and  Drake  Hotel,  Chicago, 

MCDONNELL,  John  E.  (A  1936)  Sales  Engr.  (for 
mail)  McDonnell  8t  Miller,  400  N.  Michigan 
Ave.,  Chicago,  and  2299  Lakeside  PI.,  Highland 
Park,  111. 

McDOWELL,  Harry  L.  (J  1939)  Sales  Repr.,  U.  S. 
Radiator  Corp.,  3403  Blossom  St.,  Columbia,  S.C. 

McfiLGIN,  John  W.*  (A  1937;  J  1931)  Engr., 
J,  J.  NcBbitt,  Inc.,  Holmcsburg,  Philadelphia, 
and  (for  mail)  Limekiln  &  Butler  Pikes,  Ambler, 

MeKNTEE,  Francis  M.  (M  1940)  Asst.  Supervis- 
ing Air  Cond.  Engr,  (for  mail)  Office  of  the 
Architect,  U.  S.  Capitol  Bldg.,  and  718  Somerset 
PI.  N.  W.,  WiiHhlngton,  D.  C. 

McGEORGB,  Richard  H.  (M  1927)  Mgr.  Htg. 
&  Air  Cond.  Dept.,  MeCord  Radiator  &  Manu- 
facturing Co,,  2687  E.  Grand  Blvd.,  and  (for  mail) 
14505  Glfiatonbury  Rd.,  Detroit,  Mich. 

McGINNIS,  Prank  L.  (M  1940)  Mcch.  Engr,, 
WHHamflburK  Restorations,  Inc..  and  (for  mail) 
832  N,  Henry  St.,  Williamaburg,  Va. 

McGONAGLE,  Arthur  (M  1932)  Consulting 
Engr.  (for  mail)  1013  Fulton  Bldg,,  Pittsburgh, 
and  0815  Prospect  Ave,,  Hen  Avon,  Pa. 

McGOWN,  Frederick  H.,  Jr.  (J  1941;  S  1939) 
Instructor  (for  mail)  Wyoming  Seminary,  King- 
ston, Pa.,  and  P,  0.  Box  105,  Cooperntown,  N.  Y. 

McGRAIL,  Thomas  E.  (M  1920)  Local  Repr., 
Canadian  Sirocco  Co,,  Ltd,,  03  Sparks  St., 
Ottawa,  Ont,,  Canada. 

McILVAINB,  John  H.*  (M  1929)  Pres.,  Land- 
wehr  Heating  Corp.,  Sixth  and  Cayuga  Sts,, 
Philadelphia,  Pa. 

McINDOE,  James  F.  (U  1939;  A  1931)  Sales, 
American  Radiator  &  Standard  Sanitary  Corp., 
1001  Pacific  Bldg.,  and  (for  mail)  1803  N.  W, 
Aspen  St.,  Portland,  Ore, 


McINTIRE,  James  F.  (M  1915;  A  1914)  (Presi- 
dential Member}  (Pres.,  1939;  1st  Vice-Pres., 
1938;  2nd  Vice-Pres.,  1937;  Council,  1926-28; 
1932-40)  Vice-Pres.  (for  mail)  U.  S.  Radiator 
Corp.,  1056-44  Cadillac  Square,  P.  O.  Box  686, 
and  3261  Sherbourne  Rd.,  Detroit,  Mich. 

McINTOSH,  Fabian  C.  (M  1921;  J  1917) 
(Council,  1929-31;  1933-35)  Branch  Mgr.  (for 
mail)  Johnson  Service  Co.,  1238  Brighton  Rd., 
and  3650  Perrysville  Ave.,  Pittsburgh,  Pa. 

McKEE,  James  W.  (A  1938)  Branch  Mgr.  (for 
mail)  U,  S.  Radiator  Corp.,  439  N.  Plankinton 
Ave.,  and  6713  W.  Bluemound  Rd.,  Milwaukee, 
Wis. 

McKEEMAN,  Clyde  A.*  (M  1936)  Asst.  Prof., 
Mcch.  Engrg.  (for  mail)  Case  School  of  Applied 
Science,  Cleveland,  and  1359  Lynn  Park  Dr., 
Cleveland  Heights,  O. 

McKENZIE,  Murdock  G.T  Jr.  (M  1938)  Htg. 
Engr.,  Southern  California  Gas  Co.,  810  S. 
Flower  St.,  and  (for  mail)  3806  Boyce  Ave.,  Loa 
Angeles,  Calif. 

McKERLIE,  Jardlne  (M  1938)  Managing  Dir. 
(for  mail)  Industrial  Training  Systems,  Ltd., 
07  Carlton  St.,  and  15  Glen  Arden  Rd.,  Toronto, 
Ont.,  Canada. 

McKINLEY,  Carroll  B.  (J  1936;  5  1934)  S.  W. 
Dist.  Mgr.,  General  Refrigeration  Corp.,  Beloit, 
Wis.,  and  (for  mail)  Box  1482,  Albuquerque, 
N.  M. 

McKINNEY,  Carl  A.  (A  1939;  /  1937)  Air  Cond. 
Engr.  (for  mail)  United  Gas  Corp.,  United  Gas 
Bldg.,  and  1918  Park  St.,  Houston,  Tex. 

McKINNEY,  William  J.  (M  1938;  A  1934)  Dist. 
Mgr.  (for  mail)  American  Blower  Corp.,  Rm.  714, 
101  Marietta  St.  Bldg.,  and  3363  Mathieson  Dr. 
N.  E.,  Atlanta,  Ga. 

McKITRICK,  Walter  D.  (M  1936)  Htg.  Vtg. 
Engr,  (for  mail)  Mills,  Rhines,  Bellman  & 
Nordhoff,  Inc.,  518  Jefferson  Ave.,  and  2257 
Upton  Ave.,  Toledo,  0. 

McKITTRIGK,  Percy  A.  (A  1934)  Treas.  &  Gen. 
Mgr.  (for  mail)  Parks-Cramer  Co.,  970  Main 
St.,  and  219  Blossom  St.,  Fitchburg,  Mass. 

McLAREN,  T.  H.  (A  1938)  Gen,  Sales  Mgr. 
(for  mail)  James  Morrison  Brass  Manufacturing 
Co.,  Ltd.,  276  King  St.  W.,  and  2084  Gerrard  St. 
E.,  Toronto,  Ont.,  Canada. 

McLARNEY,  Harry  W.  (M  1933)  Air  Cond.  Engr, 
(for  mail)  Union  Electric  Co.  of  Missouri,  315 
North  12th  Blvd.,  and  5038  Bancroft  Ave., 
St.  Louis,  Mo, 

MCLAUGHLIN,  Joseph  D.  (A  1930 ;  J 1923)  Htg. 

Contractor  (for  mail)  Braley  &  McLaughlin, 
166  Aborn  St.,  and  45  Roslyn  Ave.,  Providence, 
R.  L 

McLEAN,  Dermid  (M  1917)  Member  of  Firm  (for 
mail)  Snyder  &  McLean,  Engrs.,  2308  Penobscot 
Bldg.,  and  12051  Birwood  Ave.,  Detroit,  Mich. 

McLEISH,  William  S.  (A  1932;  /  1928)  Sales 
Engr.,  The  Ric-wiL  Co.,  New  York,  and  (for 
mail)  6446-184th  St.,  Flushing,  L.  L,  N.  Y. 

McLENEGAN,  David  W.*  (M  1933)  Air  Cond. 
Dept.  (for  mail)  General  Electric  Co.,  6  Lawrence 
St.,  Bloomfield,  and  73  Arlington  Ave.,  Caldwell, 

McLOUTH,  Bruce  F.  (M  1936;  /  1934)  Pres,  & 
Gen.  Mgr.  (for  mail)  McLouth  Air  Cond.  Corp., 
2400  E,  Michigan  Ave.,  Lansing,  and  135 
Gunson  St.,  East  Lansing,  Mich. 

McMAHON,  Thomas  W.  (M  1928)  Dist.  Mgr. 
(for  mail)  American  Blower  Corp.,  1711  Railway 
Exchange  Bldg.,  St.  Louis,  Mo. 

McMULLEN,  Earle  W.  (M  1938)  Dir.  of  Research 
(for  mail)  The  Eagle  Picher  Lead  Co.,  C  & 
Porter  Sts,,  and  900  Richmond  Rd.,  Joplin,  Mo. 

McNAMARA,  William  (A  1930)  Sales  Mgr.  (for 
mail)  The  Trane  Co.,  850  Cromwell  Ave.,  and 
1355  Como  Ave.  W.,  St.  Paul,  Minn. 

McNAMEE,  Earl  W.  (M  1940)  Air  Cond.  Engr. 
(for  mail)  B.  &  J.  Jacobs  Co.,  1729  John  St.,  and 
2627  Ocosta  Ave,,  Cincinnati,  0. 
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McNEVIN,  Joseph  E.  (M  1937)  Mgr.  (for  mail) 

Colorado  Htg.  Co.,  650  Cherokee  St.,  and  481 

S.  Corona,  Denver,  Colo. 
McPHERSON,    William    A.    (M    1929)    Chief, 

Htg.-Vtg.    Div.,    Dept.    of    School    Bldgs.,    26 

Norman  St.,  Boston,  and  (for  mail)  86  Dwinnell 

St.,  West  Roxbury,  Mass. 
McQUAID,  Dan  J.  (M  1934)  Owner  (for  mail) 

Dan  J.   McQuaid  Engrg.   Service,   614   Cooper 

Bldg.,  and  1565  Milwaukee  St.,  Denver,  Colo. 
McRAE,  Malcolm  W.  (M  1939)  Research  Engr. 

(for  mail)    Crane  Co.,   836   S.   Michigan  Ave., 

Chicago,  and  816  Fairview  Ave.,  Park  Ridge,  III. 
MEAD,  Edward  A.  (M  1926)  Sales  Mgr.  (for  mail) 

Nash  Engrg.  Co.,  South  Norwalk,  and  5  Thames 

St.,  Norwalk,  Conn, 
MEAD,  Harry  K.  (A  1939)  Mfrs.  Agent  (for  mail) 

1100  Guardian   Bldg.,   Portland,   and  Jennings 

Lodge,  Ore. 
MEAGHER,  Arthur  T.  (M  1938)  Dir.  &  Sales 

Mgr.,  Plbg.  &  Htg.  Dept.,  Wm.  Stairs,  Son  & 

Morrow,  Ltd.,  174-190     Lower  Water  St.,  and 

(for  mail)  83  Seymour  St.,  Halifax,  N.  S.,  Canada. 
MEDOW,  Jules  (A  1941;  J  1937)  Liaison  Engr., 

Vega  Airplane  Co.,  Burbank,  and  (f9r  mail)  659 

S.  Cloverdale  Ave.,  Los  Angeles,  Calif. 
MEHL,  Oscar  H.  (A  1941;  J  1935)  Engr.  (for  mail) 

Carrier  Corp.,  710  N.  Harwood  St.,  and  5631 

Longview  St.,  Dallas,  Tex. 
MEHMKEN,  Herman  O.  (A  1941;  J  1940)  Engr., 

York  Ice  Machinery  Corp.,  and  (for  mail)  400  W. 

Park,  Edwardsville,  111. 
MEHNE,  Carl  A.   (M   1929)   Htg.-Vtg.   Expert, 

101  Park  Ave.,  New  York,  and  (for  mail)  35  E. 

Livingston  St.,  Valhalla,  N.  Y. 
MEINHOLTZ,  Herbert  W.  (M  1936)  (for  mail) 

608  Mayo  Bldg.,  Tulsa,  and  1144^  N.  W.  26th 

St.,  Oklahoma  City,  Okla. 
MEINKE,  Howard  G.  (M  1933)  Div.  Engr.  (for 

mail)   Consolidated  Edison  Co.  of  New  York, 

Inc.,  4  Irving  PI.,  Rm.  1500,  New  York,  and  41 

Harte  St.,  Baldwin,  L.  I.,  N.  Y. 
MELLON,  James  T.  J.  (M  1911)  (Council,  1915) 

(for  mail)  Mellon  Co.,  4419  Ludlow  St.,  and  431 

North  63rd  St.,  Philadelphia,  Pa. 
MELONEY,  Edward  J.  (M  1937)  Vice-Pres.  (for 

mail)  Bowers  Bros.  Co.,  2015  Sansom  St.,  Phila- 
delphia, and  100  E.  Stewart  Ave.,  Lansdowne,  Pa. 
MENDEN,  Peter  J.  (M  1935)  Htg.  Engr.,  W.  H. 

Gilcher   Co.,   and   (for   mail)    P.    O.    Box  762, 

Fairbanks,  Alaska,  Until  April  1   (for  mail)  22 

Fifth  St.,  Fond  du  Lac,  Wis. 
MENSING,    Frederick    D.    (M    1920)    (Treas., 

1931-32)  Consulting  Engr.,  Mensing  &  Co.,  2845 

Frankford  Ave.,  Philadelphia,  Pa. 
MERCER,  Charles  F.  (M  1937)  Prof.  Physics  (for 

mail)    University    of    South    Carolina,    Physics 

Dept.,  and  219  S.  Waccamaw,  Columbia,  S.  C. 
MERENS,    Seymour    H.    (A    1939)    Vice-Pres. 

(for  mail)  Max  Miller  &  Co.,  2720  W.  Chicago 

Ave.,  and  4955  N.  Whipple  St.,  Chicago,  111. 
MERGARDT,  Albert  P.  (A  1940)  Pres.  (for  mail) 

American  Heating  Engineering  Co.,  Inc.,  1005 

New  York  Ave.  N.  W.,  Washington,  D.  C.,  and 

3905  North  5th  St.,  Arlington,  Va. 
MERRILL,  Carle  J.  (M  1919)  Treas.  (for  mail) 

C.   J.    Merrill,    Inc.,   54  St.   John   St.,   and    15 

Longfellow  St.,  Portland,  Me. 
MERRILL,  Frank  A.  (M  1934)  Consulting  Engr. 

(for  mail)  Office  of  Hollis  French,  Cons.  Engrs., 

210  South  St.,  Boston,  and  19  Auburndale  Rd.,, 

Marblehead,  Mass. 
MERTZ,  Walter  A.   (M  1919)  Secy,   (for  mail) 

Kehm  Bros.  Co.,  51  E.  Grand  Ave.,  and  3753 

N.  Keeler  Ave.,  Chicago,  111. 
MERWIN,  Gile  E.  (M  1924;  J  1923)  Dist.  Mgr., 

The  Trane  Co.,  305  South  51st  St.,  Omaha,  Nebr. 
MERZ,  Robert  A.  (S  1940)   Student,  Michigan 

State  College,  810  W.  Grand  River  Ave.,  East 

Lansing,  Mich. 
METCALFE,  Curtis  (A  1937)  Engr.,  House  Htg. 

Dept.,  Michigan  Consolidated  Gas  Co.,  and  (for 

mail)  14433  Faust,  Detroit,  Mich. 


METZGER,  Albert  F.  (M  1940)  Supervisor  of 
Steam  Utilization  (for  mail)  Allegheny  County 
Steam  Heating  Co.,  435  Sixth  Ave.,  and  3421 
Home  St.,  Pittsburgh,  Pa. 

METZGER,  H.  J.  (A  1937)  Prc».,  Wheeler- 
Blancy  Co.,  137  E.  Water  St.,  Kalumazoo,  Mich. 

MEYER,  Charles  L.  (M  1930)  L.  J.  Wing  Manu- 
facturing Co.,  154  West  14th  St.,  New  York,  and 
(for  mail)  American  Welfare  League,  80-60  Palo 
Alto  Ave.,  Hollis,  L.  L,  N.  Y. 

MEYER,  Frank  L.  (M  1932;  J  1028)  Vice-Pres., 
The  Meyer  Furnace  Co.,  and  (for  mail)  9  Cole 
Court,  Peoria,  111. 

MEYER,  Henry  G.,  Jr.*  (Life  Member;  M  1898) 
(Council,  1915-16)  Pres.  (for  mail)  Meyer, 
Strong  &  Jones,  Inc.,  101  Park  Ave.,  New  York, 
N.  Y.,  and  25  Highland  Ave.,  Montclair,  N.  J. 

MEYER,  Karl  A.  (M  1938)  Design  Engr.,  New 
York  Blower  Co.,  171  Factory  St.,  and  (tor  mail) 
109  Woodward  Ave.,  La  Porte,  Ind. 

MICHAELS,  Maurice  A.  (A  1930)  Owner-Mgr. 
(for  mail)  Century  Co.,  223  S.  W.  Sixth  Ave., 
and  5239  N.  E.  Garfield  Ave.,  Portland,  Ore. 

MIGHIE,  D.  Fraser  (M  1938;  A  1930)  Htg.  Sales 
Dept.  (for  mail)  Crane,  Ltd.,  93  Lombard  St., 
and  170  Green  Ave.,  Winnipeg,  Man.,  Canada. 

MIDDLETON,  David  K.  (J  1930)  Kngrs.  Asst., 
Michigan  Bell  Telephone  Co.,  1365  CMS  Ave.. 
Rm.  1720,  and  (for  mail)  11821  Maiden  Ave., 
Detroit,  Mich. 

MIDEKE,  Joseph  M.  (A  1938)  Vice-Pres.,  Mideke 
Supply  Co.,  100  E.  Main  St.,  and  (for  mail)  2505 
N.  W.  19th  St.,  Oklahoma  City,  Okla. 

MILENER,  Eugene  D.  (M  1930)  Secy.,  Ind.  Gas 
Sec.,  American  Gas.  Assn.,  420  Lexington  Ave., 
New  York,  N.  Y. 

MILES,  Clarence  N.  (A  1938)  Foreman  Assembly 
Dept.,  Kohlenberger  Engineering  Corp.,  80.r>  S. 
Spadra  Rd.,  and  (for  mail)  Route  1,  Box  174- A, 
Fullerton,  Calif. 

MILLARD,  Junius  W.  (M  1929)  204  Glendalc 
Ave.,  Alexandria,  Va. 

MILLER,  Archibald  T.  (M  1938)  Mgr.  Insulation 
Sales,  The  Barrett  Co.,  40  Rector  St.,  New  York, 
N.  Y.,  and  (for  mail)  125  Godwin  Ave.,  Ridge- 

MILLER,  Bruce  Rinker  (M  1930)  Asot.  Mech. 

Engr.,  War  Dept.,  Office  of  C.  Q.  M.?  Ft.  Sam 

Houst9n,  and  (for  mail)  442  Rigsby  Avck.,  San 

Antonio,  Tex. 
MILLER,  Charles  A.  (A  1917)  Sales,  The  H.  B. 

Smith  Co.,  Inc.,  331  Madison  Ave.,  and  (for  mail) 

2870  Marion  Ave.,  New  York,  N.  Y. 
MILLER,  Charles  W.  (M  1919;  J  1008)  Pres.  (for 

mail)   The  Rado  Co.,  759  N.  Milwaukee  St., 

Rm.  405,  Milwaukee,  and  R-l,  Box  42,  Meno- 

monee  Falls,  Wis. 
MILLER,  Edgar  R.   (A   1935)   Chief  Engr.   (for 

mail)  Winnipeg  Cold  Storage  Co.,  Ltd.,  Salter 

&  Jarvis  Ave.,  and  P.  O.  Box  1384,  Winnipeg, 

Man.,  Canada. 
MILLER,  Floyd  A.   (M  1011)   Inspection  Engr. 

(for  mail)  U.  S.  Treasury  Dept.,  377  U.  S.  Court 

House,  and  944  Montrose  Ave.,   Chicago,   111. 
MILLER,  George  F.  (M  1936)  Owner  (for  mail) 

Geo.  F.  Miller,  Sales  Engr.,  1625  K  St.  N.  W., 

Washington,  D.  C.,  and  10204  Connecticut  Ave., 

Kensington,  Md. 
MILLER,  Glen  (A  1937)  Htg.  Vtg.  Engr.  (for  mail) 

Southern  Counties  Gas  Co.,  810  S.  Flower  St., 

Rm.  726,  Los  Angeles,  Calif. 
MILLER,  Jack  E.  (J  1938)  c/o  Ellington  Miller 

Co.,  25  E.  Jackson  Blvd.,  and  7325  Phillips  Ave., 

Chicago,  111. 
MILLER,    Jacob    (M    1936)    Pres.    (for    mail) 

Hy-Grade  Construction  Co.,  Inc.,  121  St.  Marks 

PL,  New  York,  and  20  East  58th  St.,  Brooklyn, 

MILLER,  Leo  B.  (M  1926)  Sales  Exec,  (for  mail) 
Perfex  Corp.,  500  W.  Oklahoma  Ave.,  and  3481 
N.  Hackett,  Milwaukee,  Wis. 
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MILLER,  Lorin  G.*  (M  1933)  Head,  Mcch. 
Kngrg.  Dept.  (for  mail)  Michigan  State  College, 
R.  1C.  Oldw  Hall  of  KnRrg.,  and  232  University 
Dr.,  East  Lanning,  Mich. 

MILLER,  Robert  A.*  (M  1931)  Tech.  Sales  Engr. 
(for  mull)  Pittsburgh  Plate  Glass  Co.,  2200 
Grant  lildtf.,  Pittsburgh,  and  1211  Carlisle  St., 
Tarentum,  Pa, 

MILLER,  Robert  T.  (A  1027)  Chief  En«r.  Sales 
Dcpt.  (for  mail)  Mawonite  Corp.,  Ill  W.  Wash- 
iiiKton  St.,  ChicaRo,  and  1412  Schilling  St., 
Chicago  Heights,  111. 

MILLER,  William  T.  (M  1938)  Prof.  Htg.  & 
Vtg.  (For  mail)  Purdue  University,  and  525 
Haven  St.,  West  Lafayette,  Ind. 

MILUIAM,  Fratiklyn  B.  (M  11)38)  Installation 
M«r.f  S.  S.  Kreta,  Jr.,  Inc.,  1902  Chestnut  St., 
and  (for  mail)  ,r>32  Kllet  St.,  Philadelphia,  Pa. 

MILLIKEN,  J,  H.*  (M  1923)  Repr.  (for  mail) 
American  Air  Filter  Co.,  228  N.  LaSalle  St., 
Chicago,  uncl  1021  Rid  go  Court,  Kvariston,  111. 

MILLIS,  Linn  W.  (Life  Member,  M  1918)  Secy.- 
TreaH.,  Security  Manufacturing  Co.,  1030  Oak- 
land Avev  and  (for  mail)  3534  Wabash  Ave., 
KanaaH  City,  Mo. 

MILLS,  I).  M.  (A  1940)  Mfra,  Repr.  (for  mail) 
3223  Milam,  and  1522  Bonnie  Brae,  Houston,  Tex, 

MILLS,  Hartzell  C,  (^1  1935)  Sales,  Minneapolis 
GUH  Light  Co.,  739  Marquette  Ave.,  and  (for 
mail)  4137  Tenth  Ave.  S.,  Minneapolis,  Minn. 

MILNE,  Arthur  II.  (M  1938)  Dir.,  Dept,  of 
BldgB.  (for  mail)  Protestant  Board  of  School 
CommiHHionerH,  34(50  McTaviah  St.,  and  4780 
GroHvenor  Ave.,  Montreal,  Que.,  Canada. 

MILWARI),  Robert  K.  (A  J920)  Br.  M«r.  (for 
mail)  tJ,  S,  Radiator  Corp.,  127  Campbell  Ave., 
and  24-11  Calvert  Ave.,  Detroit,  Mich. 

MINER,  II.  Harvey  (A  1940)  Partner  (for  mail) 
Miner  Supply  Co.,  129  W.  Front  St.,  Red  Bank, 
and  94  Silverton  Ave.,  Little  Silver,  N.  J. 

MINKLER,  William  A.  (M  1940)  Aast.  Sales 
Mtfr.,  Young  Radiator  Co.,  and  (for  mail)  1010 
Munroe  Ave,,  Rudne,  Wi«. 

MIRABILE,  J.  James  (A  1938)  Installation  fc 
Service  Mgr,  (for  mail)  Thomas  Shipley,  Inc., 
143  Roosevelt  Ave.,  and  14  Hill  St.,  York,  Pa. 

MITCHELL,  Alva  K.  (M  1930)  Mgr,,  Oil  Burner 
Dept,  (for  mail)  A,  P.  Woodson  Co.,  1313  H  St. 
N,  W,,  and  WMO  -13th  PI,  N,  W.,  No,  107, 
Washington,  D.  C. 

MITCHELL,  A,  J.  (M  1938;  J  1030)  Vice-Pros, 
(for  mail)  Air  Conditioning  Co.,  1017  Sampson 
St.,  and  193(5  Drydcn  Rd.,  Houston,  Tex. 

MITCHELL,  John  A,  (A  1940;  J  1938)  Owner 
(for  mail)  Air  Conditioning  &  Refrigeration 
Systems,  202  Waterloo  Bldg,,  and  Sherwood 
Park,  Waterloo,  la. 

MITCHELL,  Joint  G.  (J  1937;  A1  193ft)  Sales 
Knur,  (for  mail)  Fairbanks  Morse  &  Co,,  220 
KuHt  5th  St.,  St.  Paul,  and  312  Harvard  S.  !£., 
Minneapolis,  Minn. 

MITTENOORFF,  Edward  M.  (M  1932)  Asst. 
Kngr.,  Sarco  Co.,  Inc.,  222  N.  Bank  Dr.,  Chicago, 
and  (for  mail)  950  Greenwood  Ave,,  Winnetka,  111. 

MODIANO,  Reno  N.  (M  1925)  Managing  Dir., 
Currier  Continentule,  4  Rue  d'AgueBseau,  Paris 
(8*0,  and  (for  mail)  55  Boulevard  Beausejour, 
Parin  (108),  France, 

MOtC&KL,  P.  Albert  (A  1989)  As«t.  M«r.  (for  mail) 
W.  A.  Case  &  Son  Manufacturing:  Co.,  3,1  Main 
St.i  Buffalo,  and  382  Artfonne  Dr.,  Kenmore, 
N,  Y. 

MOP  VAT,  Ormond  G.  JA/  1940;  A  1937)  Appli- 
cation KiiKr,,  Canadian  WestinKhouse  Co,, 
Sanford  Ave.  N.,  and  (for  mail)  Ml  George  St., 
Hamilton,  Out.,  Canada. 

MOIIN,  II.  Lcroy  (A/  1937)  Chief  Kn«r.,  Milton 
Manufacturing  Co.,  and  (for  mail)  705  Hepburn 
St.,  Milton,  Pa, 

MOIIRIWLD,  Herbert  H.  (J  1935)  Vice-Pros.  & 
Kn«r.  (for  mail)  C.  P.  Mohrfeld,  Inc.,  24  Lees 
Ave.,  Collingawood,  and  131  Chestnut  Ave., 
Haddonfidd,  N.  J. 


MOHSIN,  Shawki  (J  1940)  Air  Cond.  Engr., 
Egyptian  Govt.  and  (for  mail)  Carrier  Corp., 
C.  I.  D.,  Syracuse,  N.  Y. 

MOLFINO,  Philip  (M  1938)  Mech.  Engr.  (for 
mail)  Leland  &  Haley,  58  Sutter  St.,  and  125 
Clayton  St.,  San  Francisco,  Calif. 

MOLLANDER,  Eric  D.  (A  1940)  Dir.,  Register 
&  Grille  Manufacturing  Co.,  Inc.,  70  Berry  St., 
and  (for  mail)  7002  Sixth  Ave.,  Brooklyn,  N.  Y. 

MOLLENBERG,  Harold  J.  (M  1936)  Vice-Pres., 
Mollenberg-Betz  Machinery  .Co.,  22  Henry  St., 
Buffalo,  and  (for  mail)  172  Westgate  Rd., 
Kcnmore,  N.  Y. 

MOLONEY,  Roger  R.  (M  1937)  Design  Engr., 
Dept.  of  Interior,  Commonwealth  Govt.  of 
Australia,  Canberra,  F.  C.  T.,  and  (for  mail) 
26  Bonncr  Ave.,  Manly,  Sydney,  Australia. 

MONICK,  Fred  R.  (A  1936)  Mgr.  (for  mail) 
American  Radiator  &  Standard  Sanitary  Corp., 
605  E.  Eighth  St.,  and  1114  S.  Sixth  Ave., 
Sioux  Falls,  S.  D. 

MONTGOMERY,  Edward  G.  (A  1938)  Special 
Rcpr.,  Steel  Co.  of  Canada,  Ltd.,  525  Dominion 
St.,  Montreal,  and  (for  mail)  20  Finchley  Rd., 
Hampstead,  Que.,  Canada. 

MONTGOMERY,  John  R.  (A  1937)  Mgr., 
Window  &  Door  Div.,  Standards  &  Research 
Dept.  (for  mail)  Truscon  Steel  Co.,  and  296 
Granada  Ave.,  Youngstown,  O. 

MOODY,  Lawrence  E.  (M  1019)  Partner  (for 
mail)  Moody  &  Hutchison,  1701  Architects 
BldR.,  Philadelphia,  Pa.,  and  237  Jefferson  Ave., 
Haddonfield,  N.  J. 

MOON,  L.  Walter  (M  1915)  (Council,  1933-36) 
Vice-Pres.  (for  mail)  St.  Louis  Industrial  Truck 
Co.,  7700  E.  Railroad  Ave.,  and  1137A  Hornsby 
St.,  St.  Louis,  Mo. 

MOORE,  Bryant  W.  (A  1939)  Mfrs.  Repr.,  36 
S.  W.  3rd  Ave.,  and  (for  mail)  7827  S.  E.  35th 
Ave.,  Portland,  Ore. 

MOORE,  Frank  C.  (A  1938)  Canadian  Mgr.  (for 
mail)  Aerofm  Corp.,  67  Yongc  St.,  and  338 
Millwood  Rd.,  Toronto,  Qnt.,  Canada. 

MOORE,  H.  Carl  ton*  (M  1935)  Asst.  Prof., 
Mech.  Engrg.  (for  mail)  Massachusetts  Institute 
of  technology,  Mechanical  Engrg.  Dept.,  Cam- 
bridge, and  145  Beaumont  Ave.,  Newtonville, 
Mass. 

MOORE,  H.  Lee  (M  1919)  (Council,  1927-28) 
Repr.  (for  mail)  Buffalo  Forge  Co.,  431  Fulton 
Bldg,,  and  Flaccus  Rd.,  Ben  Avon,  Pittsburgh,  Pa. 

MOORE,  Henry  W.  (M  1035)  Mgr.,  Air  Cond. 
Engrg_.  Dept,  The  Bimel  Co.,  305  Walnut  St., 
and  (for  mail)  1400  Myrtle  Ave.,  Cincinnati,  O. 

MOORE,  Herbert  S.  (A  1923)  Dist.  Repr.,  Iron 
Fireman  Manufacturing  Co.  of  Canada,  Ltd., 
602  King  St.,  and  (for  mail)  107  Clendenan  Ave., 
Toronto,  Ont.,  Canada. 

MOORE,  MacDonell  (A  1040)  Pres.  &  Gen. 
Mgr.  (for  mail)  The  Moore  Fuel  Corp.,  23  Rose 
St.,  and  14  Fairview  Ave.,  Danbury,  Conn. 

MOORE,  R.  Edwin  (A  1928)  Vice-Pres.,  Bell  & 
Goasett  Co.,  Chicago,  and  (for  mail)  425  Merrill 
Ave.,  Park  Ridge,  ill, 


Cleveland,  O. 

MOREHOUSE,  H.  Preston  (M  1933)  Gen.  Htg. 
&  Air  Cond.  Repr.,  Public  Service  Electric  & 
Gas  Co.,  80  Park  PI.,  Newark,  N.  J. 

MOREHOUSE,  J.  Stanley  (M  1938)  Dean  of 
Engrg.  &  Prof.  Mech.  Engrg.,  Villanova  College, 
Villanova,  and  (for  mail)  102  Llandaff  Rd., 
Upper  Darby,  Pa. 

MORGAN,  Arthur  S.  (M  1038)  Mgr.,  Fess  Oil 
Burners  of  Canada,  Ltd,,  85  King  St.  W.,  and 
(for  mail)  156  Glcnrnanow  Dr.,  Toronto,  Ont., 
Canada. 

MORGAN,  Glenn  C.  (M  1011)  Partner  (for  mail) 
Morgan-Gerrish  Co.,  84  S.  Tenth  St.,  307  Essex 
Bldg.,  and  4308  Fremont  Ave.  S.,  Minneapolis, 
Minn. 
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MORGAN,  Robert  C.  (M  1915)  Pres.  (for  mail) 

Stewart  A.  Jellett  Co.,  1200  Locust  St.,  and  314 

W.  Seymour  St.,  Philadelphia,  Pa. 
MORGAN,    Robert    W.    (M    1938)    Design    & 

Development  Engr.,  Peerless  of  America,  Inc., 

515  West  35th  St.,  Chicago,  and  (for  mail)  1347 

Walnut  St.,  Western  Springs,  111. 
MORIARTY,  John  M.  (M  1937)  Owner  (for  mail) 

Consolidated  Heating  &  Ventilating  Co.,  1709 

West  8th  St.,  Los  Angeles,  and  1616  Baldwiu 

Ave.,  Arcadia,  Calif. 
MORIN,    A.    R.    \A    1938)    Mgr.    Refrigeration 

Dept.,  Macklanburg  Brass  &  Copper  Products, 

Inc.,  Ill  N.  W.  23rd,  and  (for  mail)  2115  Sher- 
man, Oklahoma  City,  Okla. 
MORRIS,  C.  Raymond  (M  1921)  Pres.,  Power  & 

Htg.    Equipment   Sales,    Inc.,    14    Burnett   PL, 

Nutley,  N.  J. 
MORRIS,  John  A.  (A  1939;  J  1936)  Htg.  Dept., 

James  Robertson  Co.,   Ltd.,  946  William  St., 

and  (for  mail)  4134  Marlowe  Ave.,  Montreal, 

Que.,  Canada. 
MORRISON,   Chester  B.    (M  1931)   Managing 

Dir.,   York  Shipley  Ltd.,   North  Circular  Rd., 

London,  N.  W.  2,  England. 

MORRISON,   Walter  B.    (J  1939)   Engr.   Htg. 
•    Dept.,  Meier  &  Frank  Co.,  and  (for  mail)  1805 

N.  E.  27th,  Portland,  Ore. 
MORRISON,   Wayne  L.    (A   1938)   Owner   (for 

mail)  W.  L.  Morrison  Co.,  1908  Broadway,  and 

P.  0.  Box  697,  Great  Bend,  Kans. 
MORRO,    John    J.    (M    1940)    Service    Engr., 

Paragon    Oil    Co.,    Inc.,    75    Bridgewater   St., 

Brooklyn,  and  (for  mail)  28  East  28th  St.,  New 

York,  N.  Y. 
MORROW,  J.  DeWitt  (A  1938)  Secy.-Treas.  & 

Mgr.    (for   mail)    The   Warren   Co.,    Inc.,   614 

Walker  Ave.,  and  5503  La  Branch,  Houston,  Tex. 
MORSE,   Clark  T.    (M   1913)    Pres.    (for  mail) 

American  Blower  Corp.,  6000  Russell  St.,  and 

8120  E.  Jefferson,  Detroit,  Mich. 
MORSE,  Floyd  W.  (A  1934)  Vice-Pres.  (for  mail) 

Chamberlin  Metal  Weather  Strip  Co.,  15  Oak 

St.,  and  132  Villa  St.,  Mt.  Vernon,  N.  Y. 
MORSE,  Louis  S.,  Jr.  (M  1938;  J  1936)  Air  Cond. 

Sales  Engr.  (for  mail)  Westerlin  &  Campbell  Co., 

5924  Second  Blvd.,  and  19480  Canterbury  Rd., 

Detroit,  Mich. 
MORSE,  Robert  D.  (M  1936)  Mfrs.  Repr.  (for 

mail)  R.  D.  Morse  Agency,  1534  First  Ave.  S., 

and  4316  East  43rd  St.,  Seattle,  Wash. 
MORTON,  Charles  H.  (A  1931)  Sales  Repr.  (for 

mail)  Warren  Webster  &  Co.,  228  Ottawa  Ave. 

N.W.,  and  1106  Sherman  St.  S.E.,  Grand  Rapids, 

Mich. 
MORTON,   Harold   S.    (M   1931)    Sales  Engr., 

Sutherland  Air  Cond.  Corp.,  385  Minnesota  St., 

St.  Paul,  and  (for  mail)  4330  Wooddale  Ave., 

Minneapolis,  Minn. 
MORTON,    Paul    S.    (J   1939)    Engrg.-Sales   & 

Installation,  609  Bangor  Rd.,  Lawrence,  Mich. 
MOSES,  Walter  B.,  Jr.  (/  1940;  S  1936)  Engr., 

Leo  S.  Weil  &  Walter  B.  Moses,  427  S.  Peters 

St.,  and  (for  mail)  8330  Spruce  St.,  New  Orleans, 

La. 

MOSHER,  Clarence  H.  (A  1919)  Owner,  C.  H. 

Mosher  Co.,  423  Ashland  Ave.,  Buffalo,  N.  Y. 
MOTZ,  O.  Wayne  (M  1932)  Consulting  Engr.  (for 

mail)  234  Paramount  Bldg.,  and  2605  Briarcliffe 

Ave.,  Cincinnati,  0. 
MOULD,  Delmar  E.  (M  1936)  Mgr.   (for  mail) 

J.  W.  Mould  &  Son,  Ltd.,  10642-102nd  Ave 

and  8619-108  A  St.,  Edmonton,  Alta.,   Canada. 
MOULDER,  Albert  W.*  (M  1917)  Vice-Pres.  (for 

mail)  Grinnell  Co.,  Inc.,  260  W.  Exchange  St. 

Providence,   and  Waterway  &  Highland  Ave 

Barrington,  R.  I.  ' 

MUCKLE,  James  (M  1939)  Chief  Bldg.  Supplies 
Dept.  (for  mail)  Andersen,  Meyer  &  Co.,  Ltd. 
21  Yuen  Ming  Yuen  Rd.,  and   11   Park  Rd 
Apt.  8,  Shanghai,  China. 


MUELLER,  Harald  G.  (M  31)30;  A  1930)  Mgr. 
Contract  Div.  (for  mail)  Powers  Regulator  Co., 
2720  Grcenvicw  Ave.,  Chicago,  and  2720  Lawn- 
dale  Ave.,  Evanston,  111. 

MUELLER,  Harold  P.  (M  11)30)  Prca.-Trcaa.  (for 
mail)  L.  J.  Mueller  Furnace  Co.,  8005  W.  Okla- 
homa Ave.,  and  511  E.  Monrovia  Ave.,  Milwau- 
kee, Wis. 

MUELLER,  John  E.  (M  1937)  Mgr.,  Commercial 
Sales  (for  mail)  West  Penn  Power  Co.,  14 
Wood  St.,  Pittsburgh,  and  570  Cyrstal  Dr., 
Mt.  Lebanon,  Pa. 

MUESSIG,  James  W.  (M  1938)  Sales  Engr.  (for 
mail)  Clarage  Fan  Co.,  333  N.  Michigan  Ave., 
Chicago,  and  313  Edgewood  Ave.,  Lombard,  111. 

MUIRHEID,  John  G.  (A  1940;  J  1937)  Sales 
Engr.,  Worthington  Pump  &c  Machinery  Corp., 
1621  Queens  Rd.,  Charlotte,  N.  C. 

MULGEY,  Paul  A.*  (A  1939;  J  1938)  Asst.  Dir., 
Anthracite  Industries  Laboratory,  Primoa,  and 
(for  mail)  300  Springfield  Rd.,  Aldan,  Del.  Co., 
Pa. 

MULLEN,  Thomas  J.,  Jr.  (J  1935)  Industrial 
Mgr.,  B.  F.  Sturtevant  Co.,  Western  Div.,  Inc., 
602  Wrigley  Bldg.,  Chicago,  111. 

MUMFORD,  Albert  R.  (M  1940)  Aasoc.  Dir.  of 
Research  (for  mail)  Consolidated  Kdison  System 
Cos.  of  New  York,  4  Irving  PI.,  New  York,  N.  Y., 
and  107  Palisade  Ave.,  Bogota,  N.  J. 

MUMFORD,  William  W.  (J  1940;  S  1939)  Oil 
Well  Improvements  Co.,  and  (for  mail)  1920  N. 
Delaware  PL,  Tulsa,  Okla. 

MUNIER,  Leon  L.  (M  1919;  /  1915)  Pres.  (for 
mail)  Wolff  &  Munier,  Inc.,  822  East  41st  St., 
New  York,  and  63  Columbia  Ave.,  Hartsdale, 
N.  Y. 

MUNKELT,  Frederick  H,  (M  1938)  Vice-Pres., 
Dorex  Div.  (for  mail)  W.  B.  Connor  Engineering 
Corp.,  114  East  32nd  St.,  New  York,  and  317 
East  17th  St.,  Brooklyn,  N.  Y, 

MUNTvr,  E.  Fitz  (M  1035)  Archt.  (for  mail)  1111 
McArthur  Bldg.,  Winnipeg,  and  05  Berrydale 
Ave.,  St.  Vital,  Man.,  Canada, 

MUNRO,  Donald  R.,  Jr.  (J  1939)  Mfrs.  Repr. 
(for  mail)  D.  R.  Munro  &  Son,  112  S.  W.  Pine 
St.,  and  2709  S.  W.  Buenu  Vista  Dr.,  Portland, 
Ore. 

MURDOCH,  John  P.  (M  1937)  Pres.  (for  mail) 
John  P.  Murdoch  Co.,  S.  W.  Cor.  30th  &  Oakford 
Sts.,  Philadelphia,  and  735  Beechwood  Dr., 
Beechwood,  Pa. 

MURHARD,  Erroll  A.  (M  1039)  Pres.  &  Engr.  (for 
mail)  Muirhead  &  Murhard  Co.,  338  S.  VV.  9th 
Ave.,  and  2136  N.  W,  Upshur  St.,  Portland,  Ore. 

MURNIN,  Edward  A.,  Jr.  (A  1938)  Supt.  of 
Development  &  Assembly,  Sarco  Manufacturing 
Co.,  Clewell  &  Itaska  Sts.,  and  (for  mail)  802 
Broadway,  Bethlehem,  Pa. 

MURPHREE,  Robert  L.  (A  1940;  J  1036)  Engr. 
(for  mail)  Rogers  Plumbing  &  Heating  Co.,  2127 
Eighth  St.,  and  914-35th  Ave.,  Tuscaloosa,  Ala* 

MURPHY,  Daniel  C.  (A  1940)  Mfrs.  Repr.  (for 
mail)  214  Old  Colony  Bldg.,  and  3900  Grand 
Ave.,  Des  Moines,  la. 

MURPHY,  Edward  T.*  (M  1915)  Vice-Pres.  in 
charge  of  Marketing  (for  mail)  Carrier  Corp., 
and  1055  James  St.,  Syracuse,  N.  Y. 

MURPHY,  Howard  C.*  (M  1923)  Vice-Pres.  (for 
mail)  American  Air  Filter  Co.,  Inc.,  215  Central 
Ave.,  and  495  Lightfoot  Rd.,  Louisville,  Ky. 

MURPHY,  Joseph  R.  (M  1934;  A  1925)  Vice- 
Pres.,  Taco  Heaters,  Inc.,  342  Madison  Ave., 
New  York,  N.  Y.,  and  (for  mail)  Terrace  Ave., 
Riverside,  Conn. 

MURPHY,  William  W.  (M  1930)  Treas.  (for  mail) 
W.  W.  Murphy  Co.,  424  Worthington  St.,  and 
25  Mansfield  St.,  Springfield,  Mass. 

MURRAY,  Hayward,  G.  S.  (A  1941;  J  1936) 
Sales  Engr.,  Canadian  Comstock  Co.,  Ltd.,  80 
King  St.  W.,  Toronto,  Ont.,  Canada. 
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MURRAY,  John  J.  (A  1933)  Sales- Vice-Pres., 
Pierce  Perry  Co.,  Ltd.,  230  Congress  St.,  Boston, 
and  (for  mail)  00  Commonwealth  Park  West, 
Newton  Centre,  Mass. 

MURRAY,  Thomas  F.  (M  1923)  State  Archt., 
and  (for  mail)  14  S.  Lake  Ave,,  Albany,  N.  Y. 

MURSINNA,  Gilbert  P.  (A  1939)  Htg.  &  Air 
Cond,  Contractor  (for  mail)  411  Poplar  St.,  and 
3057  Boudinot  Ave,,  Cincinnati,  0. 

MUSGRAVE,  Merrill  N.  (A  1035)  Pros.,  Harrison 
SalcH  Co.,  Inc.,  314  Ninth  Ave.  N.,  and  (for  mail) 
1005  K.  Roy  St.,  Apt.  13,  Seattle,  Wash. 

MYER,  Haydn  (A  1920)  Pros,  (for  mail)  Haydn 
Mycr  Co.,  Inc.,  2224  Comer  Bid*?.,  and  1411 
Avon  Circle*  Redmont  Park,  Birmingham,  Ala. 

MYERS,  George  W.  F.  (M  1930;  A  1928;  J  1923) 
Myers  ftngincering  Equipment  Co.,  3736  W. 
Pine  Blvd.,  St.  Louis,  and  (for  mail)  476  Pasa- 
dena Ave,,  Webster  Groves,  Mo. 

MYLER,  William  M.,  Jr.  (M  1937)  Chief  EnKr., 
Janitrol  Div,  (for  mail)  Surface  Combustion 
Corp.,  400  Dublin  Ave.,  and  1340  Glenn  Ave., 
Columbus,  O. 

MYTINGBR,  Kenneth  L.  (M  1936)  Engr., 
Capitol  City  Aut.  Heating  Co.,  89  Lexington 
Ave.,  and  (lor  mail)  383  Hudson  Ave.,  Albany, 
N.  Y. 

N 

NAGHMAN,  George  I*.  (M  1938)  Treaa.  (for  mail) 
Spohn  Heating  &  Ventilating  Co.,  1776  East 
45th  St.,  and  2870  Meadowbrook  Blvd.,  Cleve- 
land, (). 

NAMAN,  Israel  A.  (/  1940)  En^r.,  R.  F.  Taylor, 
COM,  Kngr.,  910  Hankcra  Mortgage  Bldg.,  and 
(for  mail)  402  Avondale  Ave.,  Houston,  Tex. 

NAROWETZ,  Louis  L.,  Jr.  (M  1929;  A  1912) 
Secy.  &  Gem.  Mgr.  (For  mail)  Narowetz  Heating 
&  VcntUutinK  Co,,  1711  Maypole  Ave.,  Chicago, 
and  112  *S,  Northwcat  Highway,  Park  Riclgc,  111. 

NA88,  Arthur  F.  (M  1927)  Pres.  (for  mail) 
McGlnnenB  Smith  &  MeGinness  Co.,  527  First 
Ave,,  and  29  IClmlwrst  Rd,  (Wabaah  Station), 
Pittsburgh,  Pa, 

NKAL,  James  P.  (A  1939)  Captain,  Post  Ordnance 
Shop  Officer,  15th  Ordnance  Co.,  First  Army,  Fort 
Bragg,  N.  C. 

NEARKNGBUKG,  Arthur  (A  1938)  Sales  Engr. 
(for  mail)  Sheldona,  Ltd.,  1221  Bay  St.,  and  130 
Floyd  Ave.»  Toronto,  Ont.,  Canada. 

NEK,  Raymond  M.  (M  1930)  Steam  Service  Engr. 
(for  mail)  JBoaton  Kdiaon  Co.,  39  Boylston  St., 
Hootcm,  and  10  Orkney  Rd.,  Brookline,  Mass- 

NEILER,  Samuel  G.  (life  Member:  M  1898) 
Owner  (lor  mail)  Nailer  Rich  &  Co.,  431  S. 
Dearborn.  St.,  Chicago,  and  737  N,  Oak  Park 
Ave.,  Oak  Park,  111. 

NELSON,  Chester  L.  04  1937;  J  1929)  Chief  Air 
Concl.  Kn«r,»  Seara  &  Piou,  814  S.  Vandeventcr 
St.,  St.  Louis,  and  (for  mail)  1015  Nolan  Dr., 
Glendulc,  St.  Louie  Co.,  Mo. 

NELSON,  I).  W.*  (M  1928)  Aaaoc.  Prof.,  Mech. 
Engrg,  (for  mail)  College  of  Engrg.,  University 
of  Wiecottain,  Mech.  Engrg.  Bldg.,  and  3906 
Council  ("rest,  Madison,  Wis. 

NELSON,  Edwin  L.  (A  103(1)  Engrg.  Dept.  (for 
mail)  The  Union  Ice  Co.,  1316  E.  Seventh  St., 
and  4318  Victoria  Ave.,  Los  Angeles,  Calif. 

NELSON,  George  O.  (M  1923)  Engr.,  Carstens 
Bros,,  Ackley,  la- 

NELSON,  Harold  M.  (M  1937)  Pres.  (for  mail) 
II.  M.  Nelson  &  Co.,  Inc.,  1223  Connecticut 
Ave.,  and  Rear  2208  Que  fit.  N.  W.,  Washington, 
D.  C. 

NELSON,  Herman  W.  (M  1909)  Pres.  &  Gen. 
Mjtr,  (for  mail)  The  Herman  Nelson  Corp.,  1824 
Tlrircl'Ave.,  and  20 15- 12th  St.,  Moline,  111. 

NELSON,  Laurence  K.  (M  1940)  Assoc.  Engr. 
(for  mail)  James1  M.  Toclcl,  Consulting  Engr.,  405 
Citlssena  Bldg.,  and  2502  Palmer  Ave.,  New 
Orleans,  La. 


NELSON,  Richard  H.  (A  1933;  J  1928)  Secy.- 
Treas.,  The  Herman  Nelson  Corp.,  1824  Third 
Ave.,  and  (for  mail)  1303-30th  St.,  Moline,  111. 

NELSON,  Roy  O.  (M  1938)  Sales  Engr.  (for  mail) 
C.  H.  Bevington  Co.,  600  S.  Michigan  Ave., 
Rrn.  905,  and  5927  N.  Rockwell  St.,  Chicago,  111. 


NESBITT,  Albert  J.*  (M  1921)  Secy.-Treas.  (for 
mail)  John  J.  Nesbitt,  Inc.,  State  Rd.  and  Rhawn 
"  - d  B  '  '  *  ~  -  - 

JL: 


St.,  Philadelphia,  and  Babylon  &  Davis  Grove 
Rds.,  Hatboro,  Pa. 

NESBITT,  John  J.  (Life  Member;  M  1923) 
Pres.  (for  mail)  John  J.  Nesbitt,  Inc.,  State  Rd. 
&  Rhawn  St.,  Philadelphia,  and  Welsh  Rd.  & 
Tennis  Ave.,  Ambler,  Pa. 

NESMITH,  Oliver  E.  (A  1928)  Engr.,  Williams 
Oil-O-Matic  Heating  Corp.,  Bell  &  Hanna,  and 
(for  mail)  107  Warner,  Bloomington,  111. 

NESS,  William  H.  G.  (M  1931)  Gen.  Mgr.  (for 
mail)  Master  Fan  Corp.,  1323  Channing  St.,  and 
215  N.  Kingsley  Dr.,  Los  Angeles,  Calif. 

NESSELL,  Clarence  W.  (M  1937)  Field  Appli- 
cation Engr.,  Minneapolis-Honeywell  Regulator 
Co.,  4501  Prospect  Ave.,  Cleveland,  O. 

NESSI,  Andr6  (M  3930)  Ingr.  des  Arts  et  Mfrs., 
Expert  pres  le  Tribunal  Civil  de  la  Seine,  1  Ave- 
nue du  President  Wilson,  Paris,  XVI,  France. 

NEST,  Richard  E.  (M  1936)  Asst.  Chief  Engr., 
Anchor  Post  Fence  Co.,  Fluid  Heat  Div.,  and 
(for  mail)  5018  Morello  Rd.,  Baltimore,  Md. 

NEUBAUER,  Edwin  W.  (M  1939)  Engr.  (for  mail) 
Campbell  Norquist  &  Co.,  1127  S.  W.  Morrison 
St.,  and  4804  N.  E.  Davis  St.,  Portland,  Ore. 

NEWMAN,  Harold  E.  (M  1938)  Asst.  Mgr.  (for 
mail)  B.  A.  Newman  Co.,  P.  0.  Box  107,  and  419 
Buckingham,  Fresno,  Calif. 

NEWPORT,  Charles  F.*  (Life  Member;  M  1906) 
Sales  Engr.,  Weil-McLain  Co.,  641  W.  Lake  St., 
and  (for  mail)  10001  Longwood  Dr.,  Chicago,  111. 

NEWTON,  Aiwin  B.*  (M  1938)  Mgr.  Refrig.  Div. 
(for  mail)  Minneapolis-Honeywell  Regulator  Co., 
2747  Fourth  Ave.  S.,  and  18  W.  Rustic  Lodge 
Ave.,  Minneapolis,  Minn. 

NICHOLLS,  John  M.  (M  1939)  Htg.  Engr., 
Robbing  Gamwell  Corp.,  68  West  St.,  and  (for 
mail)  17  BueJ  St.,  Pittsfield,  Mass. 

NICHOLLS,  P.*  (M  1920)  Supervising  Engr.  Fuels 
Section  (for  mail)  U.  S.  Bureau  of  Mines,  4800 
Forbes  St.,  and  5251  Forbes  St.,  Pittsburgh,  Pa. 

NICKLE,  Arthur  J.  (A  1936)  Sales  Engr.  (for 
mail)  Darling  Brothers,  Ltd.,  140  Prince  St., 
and  4356  Marcil  Ave.,  Montreal,  Que.,  Canada. 

NICOLL,  Scott  F.*  (M  1939)  Air  Cond.  Mech. 
EnKr,  (for  mail)  York  Ice  Machinery  Corp.,  and 
1433  First  Ave,,  Elmwood,  York,  Pa. 

NIGOLS,  John  A.  (M  1941)  Dist,  Mgr.  (for  mail) 
B.  F.  Sturtevant  Co.,  Western  Div.,  Inc.,  1217 
McKnight  Bldg.,  and  1733  Alpine  Pass,  Tyrol 
Hills,  Minneapolis,  Minn. 

NIELSEN,  Howard  B.  (A  1939)  Mfrs.  Repr.  (for 
mail)  409  Couch  Bldg.,  and  5004  N.  E.  Wisteria 
Dr.,  Portland,  Ore. 

NIESSE,  Joe  H.  (M  1938)  Dist.  Mgr.,  Ilg  Electric 
Ventilating  Co.,  836  Architects  &  Builders 
Bldg.,  and  (for  mail)  5837  Winthrop  Ave., 
Indianapolis,  Ind. 

NIGHTINGALE,  George  F.  (A  1931)  Western 
Sales  Mgr.  (for  mail)  Tuttle  &  Bailey,  Inc.,  61  W. 
Kinzie  St.,  Chicago,  and  1125  Schneider  Ave., 
Oak  Park,  111. 

NININGER,  Christian  H.  (A  1938)  Sales  Engr, 
(for  mail)  Frigidaire  Div.,  General  Motors  Sales 
Corp.,  29  Franklin  Rd.,  and  Route  1,  Box  198, 
Roanoke,  Va. 

NOBBS,  Walter  W.  (H  1919)  Consulting  Engr., 
26  Victoria  St.,  London,  S,  W.  1,  and  (for  mail) 
50  Fairhazel  Gardens,  London,  N.  W.  6,  England. 

NOBIS,  H.  M.  (M  1914)  Owner  (for  mail)  Harry 
Nobis  Co.,  Union  Commerce  Bldg.,  Cleveland, 
and  1827  Stanwood  Rd.r  East  Cleveland,  0. 
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NOBLE,  James  Paul  (A  1937)  Air  Cond.  Engr. 
&  Archt.,  1960  Beverly  Rd.,  Columbus,  0. 

NOBLE,  Milner  (M  1940;  A  1929;  J  1924)  Gen. 
Mgr.,  Aerofin  Corp.,  410  S.  Geddes  St.,  Syracuse, 
N.  Y. 

NOLAN,  James  J.,  Jr.  (M  1939)  Chief  Engr., 
Carrier  Div,,  United  Clay  Products  Co.,  931 
Investment  Bldg.,  and  (for  mail)  4024  Calvert 
St.  N.  W.,  Washington,  D.  C. 

NOLL,  William  F.  (M  1924)  Prop,  (for  mail) 
Wm.  F.  Noll,  629  North  27th  St.,  and  5260  N. 
Idlewild  Ave,,  Milwaukee,  Wis. 

NORAIR,  Henry  (M  1938)  Pres.  (for  mail) 
Norair  Engineering  Corp.,  1124-22nd  St.  N.  W., 
and  5908-32nd  St.  N.  W.,  Washington,  D.  C. 

NORBY,  Karl  H.  (A  1938)  Mgr.  Htg.  Dept. 
(for  mail)  Tacoma  Plumbing  Supply  Co.,  315 
South  23rd  St.,  and  1316  South  25th  St.,  Tacoma, 
Wash. 

NORDINE,  Louis  F.  (M  1914)  Office  Mgr.  (for 
mail)  The  Trane  Co.,  1772  Columbia  Rd., 
Washington,  D.  C.,  and  812  Silver  Springs  Ave., 
Silver  Spring,  Md. 

NORFOLK,  Leslie  W.  (A  1941;  /  1939)  Consulting 
Engr.,  42  Hampden  St.,  Nottingham,  England. 

NORMAN,  Roy  A.  (M  1937)  Prof.,  Mech.  Engr., 
Iowa  State  College,  Mech.  Engrg.  Dept.,  and  (for 
mail)  715  Ridgewood  Ave.,  Ames,  la. 

NORRINGTON,  Walter  L.  (/  1938)  Sales  Engr., 
The  V.  D.  Anderson  Co.,  1935  West  96th  St., 
Cleveland,  and  (for  mail)  1280  Cranford  Ave., 
Lakewood,  0. 

NORRIS,  William  P.  (J  1938)  Sales  Engr., 
Natkin  &  Co.,  3920  Lindell  Blvd.,  and  (for  mail) 
410  N.  Newstead  Ave.,  St.  Louis,  Mo. 

NORTH,  William  R.  (A  1940)  Sales  Engr.  (for 
mail)  27  S.  Gay  St.,  and  2115  W.  Baltimore  St., 
Baltimore,  Md. 

NORTON,  John  A.  (M  1940)  Mgr.,  Htg.  Sales 
Div.,  Crane,  Ltd.,  306  Front  St.  W.,  Toronto, 
and  (for  mail)  71  Donegall  Dr.,  Leasidc,  Ont., 
Canada. 

NOTTBERG,  Gustav  (A  1933)  Vicc-Pres.  (for 
mail)  U.  S.  Engineering  Co.,  914  Campbell  St., 
and  1835  East  68th  St.  Terrace,  Kansas  City,  Mo. 

NOTTBERG,  Henry  (M  1919)  Pres.  (for  mail) 
U.  S.  Engineering  Co.,  914  Campbell  St.,  and 
150  West  54th  St.,  Kansas  City,  Mo. 

NOTTBERG,  Henry,  Jr.  (J  1937)  Secy,  (for  mail) 
U.  S.  Engineering  Co.,  914  Campbell  St.,  and  150 
West  54th  St.,  Kansas  City,  Mo. 

NOVOTNEY,  Thomas  A.  (M  1928)  Mgr.,  Con- 
vector  Div.  ,&  Govt.  Dept.,  The  National 
Radiator  Co.,  Johnstown,  Pa. 

NOWITZKY,  Herman  S.  (A  1931)  Supt.,  Con- 
struction  Maintenance   &  Repairs,   Wilrner  & 
Vincent  Corp.,  1776  Broadway,  New  York  N  Y 
and  (for  mail)  821  Llewellyn  Ave.,  Norfolk,  Va! 

NOYES,  Richard  R.   (/  1938)  Sales  Engr.  (for 
mail)  Canadian  Sirocco  Co.,  Ltd.,  630  Dorchester 
St.  W.,  and  2010  Mansfield  St.,  Montreal,  Que 
Canada. 

NUSBAUM,  Lee*  (M  1915)  Owner  (for  mail) 
Pennsylvania  Engineering  Co.,  1119-21  N 
Howard  St.,  and  315  Carpenter  Lane,  German- 
town,  Philadelphia,  Pa. 

NUSBAUM,  S.  Richard  (J  1940)  Mgr.  (for  mail) 
Pennsylvania  Engineering  Co.,  1119  N.  Howard 
St.,  Philadelphia,  and  552  Montgomery  Ave 
Haverford,  Pa.  "' 

NUTTING,  Arthur*  (M  1940)  Chief  Engr., 
American  Air  Filter  Co.,  215  Central  Ave. 
Louisville,  Ky. 

NUTTING,  H.  George  D.  (U  1938)  Consulting 
Engr.,  604  Donovan  Bldg.,  and  (for  mail)  1461 
Calvert  Ave.,  Detroit,  Mich. 

NYE,  L.  Bert,  Jr.  (J  1936)  Htg.  Engr.,  Wash- 
ington Gas  Light  Co.,  411  Tenth  St.  N.  W  , 
Washington,  D  C.,  and  (for  mail)  309  Piedmont 
St,  Arlington,  Va. 


o 

OAKLEY,  LeRoy  W.  (M  1937)  Owner  (for  mail) 

L.  W.  Oakley  Sales  Co.,  408  W.  Clinch  Ave.,  and 

2003  Laurel  Ave.,  Ivnoxvillc,  Tcnn. 
OAKS,  Orion  O.  (M  1917)  11U  Oakridgc  Ave., 

Summit,  N.  J. 
O'BANNON,  Lester  S.*  (M  1928)  Research  Kngr. 

(for    mail)    Agricultural    Experiment    Station, 

University   of    Kentucky,    and    123    State    St., 

Lexington,  Ky. 
OBERG,  H.  C.   (A    1933)   M«r.,    Kn«rR.  Dept., 

Crane  Co.,  Fifth  and  Broadway,  and  (for  mail) 

1362  W.  Minnehuhu  St.,  St.  Paul,  Minn. 
OBERLIN,    James   A.    (S   1940)    Kngr.,    Allied 

Products  Plant  3,  and  (for  mail)  211  Union  St., 

Hilladalc,  Mich. 
OBERSGHULTE,   Richard  H.    (/   1938)    Sales 

Engr.  (for  mail)  D.  T.  Randall  &  Co.,  404  Blvd. 

Bldg.,  Detroit,  and  Franklin,  Mich, 
O'CONNELL,  Presly  M.  (M  101(1)  Mech.  Kn«r., 

Austin  Co.,  Sand  Point  Aviation  Field,  and  (for 

mail)  5749-3 1st  Ave.  N.  1C.,  Seattle,  Wash. 
O'DOWER,  Hu$h  J.  (A  1938)  Sales  Kngr.,  Vilter 

Manufacturing  Co.,  Milwaukee,  Wia,,  and  (for 

mail)  114  W.  tenth  St.,  Kansaa  City,  Mo. 
ODUM,  Ralph  A.  (A  1939)  Supt.  Ht«.  Dept.  (for 

mail)  GrovcrOdum,  Plbg.  &  Htg.,  218  Broadway, 

Daytona  Beach,  uricl  Holly  Hill,  Flu. 


OELGOETZ,  J.  F.  (M  1938)  Owner  (for  mail) 
J.  F.  Oeigoetz  Co.,  3365  N.  High  St.,  and  279 
",  North  Broadway,  Columbus,  C). 


OERTEL,  Fritz  H.  K.  (M  1080)  Consulting  Kngr., 

R.  F.  D.  2,  Greensboro,  N,  C. 
OESTERLE,  Arthur  L.  (M  I!MO)   Chief  Kngr, 
(for  mail)   Gulf  Engineering  Co,,    Inc.,   910  K. 
Peters  St.,  and  3420  Live  Oak  PI.,  New  Orleunn, 
La. 

OFFEN,  Ben  (M  1928)  (for  mail)  K.  Often  &  Co., 
(108  S,  Dearborn  St.,  and  3740  Lake  Shore 
Dr.,  Chicago,  111. 

OFFNER,  Alfred  J.*  (M  1922)  (Treius.,  1935-38; 
Council,  1935-40)  Consulting  Kngr.  (for  mail) 
139  EtiHt  53rcl  St.,  New  York,  and  KKMfl-llth 
Ave.,  Beechhurat,  L.  L,  N.  Y, 
O'FLAHERTY,  John  G.  (M  1937)  Chief  Kngr. 
(for  mail)  Unlfin  Tube  Co.,  1109  York  St.,  and 
290  Central  Ave,,  London,  Ont,,  Canada. 
O'GORMAN  John  S.,  Jr.  (A  1934)  Branch  Mgr. 
(for  mail)  Johnson  Service  Co.,  230  E.  Alexan- 
drine Ave.,  Detroit,  and  147  Abbey  Rd..  BirminK- 
ham,  Mich. 

OKE,  William  C.  (M  1938;  J  1934)  Air  Cond. 
Kngr.  (for  mail)  Weuthermakera  Canada  Ltd., 
593  Adelaide  St.  W.,  and  4«0  Morton  St, 
Toronto,  Ont.,  Canada. 

OLD,  William  H.  (M  1937)  Aant.  M«r,  (for  mail) 
Glum   &    Klllian   Co.,    17(11    W.    Forest  Ave 
Detroit,  and  18245  Devonshire  1UL,  R.  F.  D.  3' 
Birmingham,  Mich. 
OLDES,  Willard  E.  A.  E.  (A  1939;  J  1930)  650 

West  204th  St.,  New  York,  N.  Y.  '  ' 

OLSEN,  Carlton  F.  (A  1925;  J  1920)  Engr,  & 
Sales.,  Kewanea  Boiler  Corp.,  1858  S.  Western 
Ave.,  and  (for  mall)  1040  West  104th  "  PL, 
Chicago,  111. 

OLSEN,  Gustav  E.  (M  1930)  Sales  Mgr.,  Flta- 
gibbons  Boiler  Co.,  Inc.,  101  Park  Ave.,  New 
York,  and  (for  mail)  68-09  Beach  Channel  Dr., 

OLSON,    Bernhard   (A    1929)    Pres.    (for   mail) 

8S?\?  K  son'  Inc"  12?  s-  Michigan  Ave.,  and 

5724  N.  Natoma  Ave.,  Chicago,  111. 
OLSON,  Gilbert  E.  (M  1930)  8359  Park  PI.  Blvd., 

Houston,  Tex. 
OLSON   Milton  J    (A  1941;  J  1937)  Vice-Prea., 

-'  and  (for  mail) 


.  9-  W  1923)  Eastern  Mgr.  (for 
mail)  Hydraulic  Coupling  Div.  ,  American  Blower 
Corp.  50  West  40th  St.,  and  22  East  38th  St., 
New  York,  N.  Y. 
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PATERSON,  Frederick  C.,  Jr.  (M  1936;  J  1928) 
Pres.,  F.  C.  Paterson  &  Co.,  Inc.,  and  (for  mail) 
70  Stone  Ave.,  Bradford,  Pa. 

PATORNO,  Sullivan  A.  S.  (M  1923)  Consulting 
Engr.  (for  mail)  101  Park  Ave.,  and  312  East 
163rd  St.,  New  York,  N.  Y. 

PATTERSON,  Granville  P.  (M  1939)  Engr.  & 
Sales  (for  mail)  W.  B.  Haggerty,  Inc.,  P.  O.  Box 
2971,  and  Hotel  Mirasol,  Tampa,  Fla. 

PAUL,  Donald  I.  (M  1936;  A  1936;  J  1932)  Chief 
Engr.  (for  mail)  Gurney  Foundry  Co.,  Ltd.,  4 
Junction  Rd.,  and  408  Bay  view  Ave.,  Toronto, 
Ont.,  Canada. 

PAULEY,  Robert  D.  (J  1940)  Development  Engr. 
(for  mail)  Wood  Conversion  Co.,  and  310 
Avenue  E.,  Cloquet,  Minn. 

PAULING,  Robert  E.  (A  1936)  Sales,  Illinois 
Malleable  Iron  Co.,  1801  Diversey  Pkwy., 
Chicago,  111.,  and  (for  mail)  211  S.  Gary,  Tulsa, 
Okla. 

PAVEY,  Charles  A.  (M  1937)  Dist.  Mgr.,  B.  F. 
Sturtevant  Co.,  812  Michigan  Bldg.,  Detroit, 
Mich. 

PAWKETT,  Lawrence  S.  (A  1938)  Owner  (for 
mail)  L.  S.  Pawkett  &  Co.,  Insurance  Bldg.,  and 
131  North  Drive,  San  Antonio,  Tex. 

PEACOCK,  Glenn  S.  (M  1939)  Htg.  Engr., 
University  of  Pittsburgh,  and  (for  mail)  111 
Elmont  St.,  Twenty-Eighth  Ward,  Pittsburgh, 
Pa. 

PEACOCK,  Herbert  (M  1930)  Dist.  Mgr.  (for 
mail)  Carrier  Corp.,  927  Investment  Bldg.,  and 
5073  Lowell  St.,  Washington,  D.  C. 

PEART,  Allen  M.  (A  1937)  Dist.  Mgr.  (for  mail) 
Minneapolis-Honeywell  Regulator  Co.,  637  Craig 
W.,  Rm.  812,  and  4635  Melrose,-  Montreal,  Que., 
Canada. 

PECK,  Henry  E.  (A  1938)  Div.  Mgr.  (for  mail) 
Delco  Appliance  Div.,  General  Motors  Sales 
Corp.,  840  N.  Michigan  Ave.,  Chicago,  and 
Bloomington,  111. 

PEEBLES,  John  K.,  Jr.  (A  1925;  J  1924)  Archi- 
tectural Engr.,  Baskerville  &  Son,  Archts., 
Central  National  Bank  Bldg.,  and  (for  mail) 
1708  Park  Ave.,  Richmond,  Va. 

PEISER,  Maurice  B.  (J  1937)  Sales  Engr.  (for 
mail)  Natkin  Si  Co.,  1729  Howard  St.,  and  22 
Carter  Lake  Club,  Omaha,  Nebr. 

PELLEGRINI,  Louis  C.  (M  1939)  Vice- Pres., 
Mario  Coil  Co.,  6135  Manchester  Ave.,  and  (for 
mail)  6549  Murdoch  St.,  St.  Louis,  Mo. 

PELLER,  Leonard  (J  1934)  Consulting  Engr., 
Peller  Construction  Co.,  and  (for  mail)  6808 
Wayne  Ave.,  Chicago,  111. 

PELLMOUNTER,  Thomas  (A  1936)  Mfrs.  Ant., 
903  McGee  St.,  and  (for  mail)  3308  Euclid  Ave., 
Kansas  City,  Mo. 

PELLMOUNTER,  Thomas  V.   (J  1938)  Engr 
Cooling  Coil  Dept.  (for  mail)  The  Trane  Co'.! 
and  401  South  14th  St.,  LaCrosse,  Wis. 

PENNEY,  Gaylord  W.  (M  1938)  Mgr.,  Electro- 
Physics  Dept.,  Research  Lab.  (for  mail)  Westing- 
house  Electric  &  Manufacturing  Co.,  East 
Pittsburgh,  and  171  Orchard  Rd.,  Wilkinsburg, 
Pa. 

PENNOCK,  William  B.  (see  Special  Service  Roll, 
p.  73). 

PERKINS,  Robert  C.  (A  1935)  Branch  Mgr.  (for 
mail)  Ilg  Electric  Ventilating  Co.,  515  Texas 
Bank  Bldg.,  and  2803  Burlington,  Dallas,  Tex. 

PERRAS,  George  E.  (M  1936)  Mgr.,  Htg.  Dept. 
(for  mail)  Thomas  Robertson  &  Co.,  Ltd.  262 
Craig  St.  W.,  and  5915  Christophe  Colomb  Ave. 
Montreal,  Que.,  Canada. 

PERSSON,  N.  Bert  (M  1937)  Consulting  Engr., 
Food  Service  Equipment  Engineering,  1418 
Simpson  Ave.,  St.  Paul,  Minn. 

PESTERFIELD,    Charles   Henry    (M    1938:    J 
1936;  5  1932)  Asst.  Prof.,  Mech.  Engrg.  (for  mail) 
Michigan  State  College,  Dept.  of  Mech.  Engrg 
and  142  Gunson  St.,  East  Lansing,  Mich. 


PETERSEN,  Bruce  W.  (/  1940)  Supt.,  Twin  City 
Furnace  Co.,  13  S.  Third  St.,  ami  (for  mail)  4211 
Russell  Ave.  N.,  Minneapolis,  Minn. 

PETERSEN,  Christian  P.  (A  1037)  Owner  (for 
mail)  Peterson  Sheet  Metal  Works,  4120  Cedar 
Ave.,  and  3914  Cedar  Ave,,  Minneapolis,  Minn. 

PETERSEN,  Robert  H.  (S  1041)  Student,  Uni- 
versity of  Minnesota,  and  (for  mail)  3914  Cedar 
Ave.,  Minneapolis,  Minn. 

PETERSON,  Carl  M.  F.*  (M  1036)  Asst.  Prof, 
Mech.  Engrg.,  Asst.  Supt.  of  Blclga.  &  Power  (for 
mail)  Massachusetts  Institute  of  Technology,  77 
Massachusetts  Ave.,  Cambridge,  and  40  Fletcher 
Rd.,  Woburn,  Mass. 

PETERSON,  Clarence  L.  (M  1938)  Branch  Mgr., 
Minneapolis-Honeywell  ( Regulator  Co.,  1136 
Howard  St.,  San  Francisco,  and  (for  mail)  2 
Indian  Rock  Path,  Berkeley,  Calif. 

PETERSON,  DuWayno  J.  (M  1940)  Dist.  Mgr. 
(for  mail)  Minneapolis-Honeywell  Regulator  Co., 
45  Allen,  and  14  N.  Drive,  Buffalo,  N.  Y. 

PETERSON,  Hans  P.  (J  1939)  Air  Cond  Engr. 
(for  mail)  Bush  Manufacturing  Co.,  100  Welling- 
ton St.,  and  224  S.  Whitney  St.,  Hartford,  Conn, 

PETERSON,  J.  Raymond  (A  1041:  J  1940) 
Draftsman,  Gausman  &  Moore,  E1026  First 
Natl.  Bank  Bldg.,  and  (for  mail)  719  E.  Nevada 
Ave.,  St.  Paul,  Minn. 

PETERSON,  Neil  H.  (M  1937)  Br.  Mgr.  (for  mail) 
The  Trane  Co,,  1129  Folaom  St.,  and  2744  Green 
St.,  San  Francisco,  Calif, 

PETERSON,  Sterling  Donald  (A  1030)  N,  W. 
Mgr.  (for  mail)  Johnson  Service  Co,,  514  Colmon 
Bldg.,  and  5051  Prince  St.,  Seattle,  Wash. 

PETTIT,  Ernest  N.,  Jr.  (M  1937)  Air  Cond, 
Engr.  (for  mail)  United  Gas  Corp.,  United  Gas 
Bldg.,  and  2930  Quenby,  Houston,  Texas. 

PETTY,  Charles  E.  (A  103$))  Sales  Kngr,  (for  mail) 
U.  S.  Radiator  Corp,,  P.  O.  Box  1301,  and  2120 
Providence  Rd,,  Charlotte,  N,  C. 

PEXTON,  Frank  S.  (A  1930)  Hales  Engr.  (for 
mail)  Kansas  City  Gas  Co.,  824  Grand,  and  43 
West  73rd  Terrace,  Kansas  City,  Mo. 

PFEIFFER,  David  C.  (M  1040)  Power  Saloa  Engr. 
(for  mail)  Dallas  Power  &  Light  Co.,  and  3510 
St.  Johns,  Dallas,  Tex. 

PFEIFFER,  Frank  F.  (M  1938)  Engr.,  Ind,  Div., 
United  Engrs.  &  Constructors,  Inc.,  1401  Arch 
St.,  and  (for  mail)  7421  Sommera  Rd.,  Phila- 
delphia, Pa. 

PFRIEM,  Poter  G.  (A  1937)  Sales  Kn«r.,  The 
Knapp  Supply  Co.,  Ohio  and  Dudley  Sta,,  and 
(for  mail)  211  N.  Hackley  St.,  M  uncle,  Ind. 
PFUHLER,  John  L.  (A  1925;  J  1923)  Owner  (for 
mail)  John  L.  Pfuhler,  Plbg,  &  Htfj,,  000  Manor 
Rd.,  W.  New  Brighton,  S.  I.,  N,  Y. 
PHILIP,  William  (M  1037)  Sales  Engr,,  Standard 
Sanitary  Dominion  Radiator,   Ltd.,    Royce  & 
Lansdowne  Aves.,  and   (for  mall)   74   Baatedo 
Ave.,  Toronto,  Ont,,  Canada. 
PHILIPPI,  Joseph  J.  (M  1939)  Sales  Engr.  (for 
mail)   Johnson   Service   Co.,   1355   Washington 
Blvd.,  and  7807  S.  Winchester  St.,  Chicago,  111. 
PHILLIPS,  Frederic  W,  (M  1921)  Htg.  &  Vtg. 
Engr.,  Queens  Borough  Gas  &  Electric  Co.,  1610 
Far  Rockaway  Blvd.,  Far  Rockaway,  L.  L,  and 
(for  mail)  825  East  38th  St.,  Brooklyn,  N,  Y. 
PHILLIPS,  Ralph  E.  (M  1936)  Consulting  Mech. 
&  Elec.  Engr.  (for  mail)  810  W,  Fifth  St.,  and 
5153  Angeles  Vista  Blvd.,  LOB  Angeles,  Calif. 
PHILLIPS,  Robert  H.  (A  104-1;  J  1038)  Engr, 
(for  mail)  Carrier  Corp.,  1500  S,  Santa  Fe  Ave,, 
and  2343  London  St.,  Los  Angeles,  Calif. 
PHILLIPS,  Walter  L.  (A  1938)  Mgr.  Air  Cond. 
Dept.  (for  mail)  Griffith  Consumers  Co.,  1413 
New  York  Ave.  N.  W,,  Washington   D   C    and 
Falls  Church,  Va. 

PHIPPS,  Frederick  G.  (M  1930)  Vice-Pres., 
Pre.ston  Phipps,  Inc.,  955  St.  James  St.,  and  (for 
mail)  5431  Earnscliffe  Ave.,  Montreal,  Que., 
Canada. 
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PIATNITZA,  John,  Jr.  (,S  1039)  Student,  4043 

XV.  Parker  Ave.,  ChiciiKo,  111. 
PICOT,  John  W.  (A  1037)  Dir.,  John  Taylor  & 
Son  (Anat.)  Pty.,  Ltd.,  252  George  St.,  Sydney, 
and  (for  mail)  10  Marine  Parade,  Watsons  Bay, 
N,  S,  W.t  AiiHtnilia. 

P1LLEN,  Harry  A.   (A  1033)  Owner  (for  mail) 
Harry  A.  Pillen  Co.,  02(5  Broadway,  and  2124 
Crane  Avc.,  (Cincinnati,  O. 
PINKS,  Sidney  (M  1920)  Gen.  MKT.  (for  mail) 
PincH-Natkin  Co.,  2413  N,  Pearl  St.,  and  4441 
Livingston  Av<i.,  Dallas,  Tex. 
PISTLER,  Wlllurd  C.  (M  1034)  Consulting  Ensr., 
01  Loverone   Bl<lg,,  4  W.  Seventh  St.,  and  (for 
mail)  N.  W.  Corner  Orchard  Lane  and  Crcstview 
Avc.»  Cincinnati,  O. 

PITCHER,  Lcstor  James  (M  1929:  A  1928; 
/  1924)  Kleetrimutie  Corp.,  2100  Indiana  Ave., 
and  (For  mail)  1224,  East  00th  St.,  Chicago,  111. 
PLACE,  (Hyde  R.  (M  1924)  Consulting  Engr,  (for 
mail)  420  Lexington  Ave.,  and  333  East  57th  St., 
New  York,  N.  Y. 

PLANT,  Edward  B.   (M  1038)  Asst.  Engr,  (for 
mail)  Canadian  Pacific  Railway  Co.,  Rrn.  401, 
WindBor  St.  Sta,,  and  2  Thurlow  Rd.f  Hamp- 
stcud,  Montreal,  Que.,  Canada. 
PLATZ,  John  F.  (A  HMO)  Sales  Engr,  (for  mail) 
J.  M.  &  L.  A.  Onborn  Co,,  1541  East  38th  St., 
and  33(54  Kant  1 3.5th  St.,  Cleveland,  0. 
PLAYFAIR,  Georfto  A.  (A  11)24)  Mgr,  (for  mail) 
TolniHon  Temperature  Regulating  Co.  ot  (Canada, 
Ltd,,  113  Slmeoe  St.,  Toronto,  and  1$)  Highland 
Cr.,  Went  Hill,  Out,,  Canada. 
PLEUTJINER,  Richard  Louis  (J  1038)  Modi. 
Kngr.,    Buffalo   Korge  Co.,  and  (for  mail)  398 
Sturm  Ave.,  Buffalo,  N.  Y, 
PLKWKS,  Stanley  E.  (A/  10] 7)  Branch  Mgr.  (for 
mail)  ToIiflHon  Service  Co.,  2853  North  12th  St., 
and  'Ml  K.  llorttcr  St.,  Philadelphia,  Pa. 
PLOSKKY,  Edward  J,  (J  WO)  Kn«r.,  Redwood 
Mumiftu'turtw  Co.,  1(K)0  llobart  Blclg,,  and  (for 
mall)  2307-32nd  Ave.,  San  Francisco,  Calif. 
PLUM,  Lwoy  II.  (M  IMfl;  A  1934)  Engr.  (for 
mail)  Warren  Winter  &  Co,,  1,7th  &  Federal  Sts., 
CumtU'D,  and  Home  Acres  Farm,  Medford,  N.  J. 
PODOX'hSKK,  Arthur  R.  (A  1»38)  Prop,  (for  mail) 
Arthur  R.  Podolnke  Sheet  Metal  Works,  818A  J£. 
Center  St.,  and  820  E,  Center  St.,  Milwaukee, 
Wii, 

POKHNRR*  Robert  K,  (M  1928)  Prop,  (for  mail) 
U.  K,  Poelmer,  lltg.  (Contractor,  840  Masea- 
chuaettii  Ave.,  and  2308  Coyner  Ave.,  Jndia- 
nupoli«f  Ind. 

POGALIttS,  Louis  II.  (M  1931)  Mech.  Engr., 
Wilbur  Wntiion  &  Associates,  4014  Prospect 
Avc.,  and  (for  mail)  4102  Archwood  Avc., 
Cluvdund,  Q. 

POHLK,  K«nn«th  F.  (A  1030)  Vice-Pres.  (lor 
mail)  W.  K.  IHttchman  Co.,  Inc.,  143  Federal  St., 
Morton,  and  172  Hamilton  Ave.,  Quincy,  Mass, 
POLLAK,  Rudolf  (M  14)37)  Chief  Engr.  (for  mail) 
Rockefeller  Center,  Inc.,  50  Rockefeller  Plaza, 
New  York,  and  Larchmont,  N.  Y. 
POLLARD,  Alfred  L.  (A  1932)  Gen.  Supt.,  Puost 
Sound  Power  &  LI«ht  Co.,  860  Stuart  Bldg., 
Seattle,  Wash. 

POLLOCK,  Cad  A*  (A  1937)  Vice-Pres.  &  Gen. 
JMur.  (for  mull)  Dominion  Electrohorae  Indus- 
trie*, Ltd.,  39  Edward  St.,  and  120  Sterling  Avc., 


trie*,  Ltd.,  m  liawaru  ai, 

Kitchener,  Ont.,  Canada. 
POND,  William  H.  (M  1038)  820  W.  Front  St., 

Plainfield,  N.  J. 
PONDER,  Everett  A.  (A  1039)  Owner,  Everett  A. 

Ponder,  Oil  Uurner  DiHtributor,  3118  Northeast 

70th  St.,  Portland,  Ore. 
POPE,    S.    Austin    (M   1017)    Prca.    (for  mail) 

William  A,  Pope  Co.,  20  N.  Jefferson  St.,  Chicago, 

and  831  Aahland  Avc.,  River  Forest,  111. 
PORTER,  Carl  W,  (A  1040;  J  1030)  Engr.  (for 

mall)  KlchardH  &  Porter,  42  W.  Concord  Ave., 

and  016  Bradahaw  Terrace,  Orlando,  Ma. 


PORTER,  Knight  C.  (M  1940)  Air  Cond.  Engr. 

(for  mail)   Commonwealth  Edison  Co.,  72  W. 

Adams    St.,    Chicago,    and    144    Linden   Ave., 

Glencoc,  111, 
PORTER,  Noel  E.   (7  1938)  Application  Engr., 

General  Air  Conditioning  Co.,  1313  J  St.,  and 

(for  mall)  2000  M  St.,  Sacramento,  Calif. 
POSEY,  James  CM  1919)  Consulting  Engr.  (for 

mail)   10  East  Pleasant  St.,  and  4005  Liberty 

Heights  Avc.,  Baltimore,  Md. 
POTTER,  John  R.  (A  1939;  J  1938)  Design  Engr., 

Lockwood-  Green,    Engrs.,   2    Rockefeller   Plaza 

New  York,  and  (for  mail)  2  Grace  Court,  Brook- 

lyn, N.  Y. 
POUGHER,    Bernard   R.    E.    (J   1940)    Engr., 

Ernest  W.  Pougher  &  Son,  Htg.  &  Vtg.  Engrs., 

Old   Trafford,   Manchester,   and   (for  mail)   99 

Mauldeth  Rd.  W.,  Withington,  Manchester  20, 

England. 
POUGHER,   Ernest  W.    (M  1939)  Dir.,  Engr., 

Ernest  W.  Pougher  &  Son,  Engrs.,  Old  Trafford, 

and  (for  mail)  99  Mauldeth  Rd.  W.,  Manchester, 

England. 
POWELL,  George  W.,  Jr.  (M  1938)  Consulting 

Mech.  Engr.  (for  mail)  Otis  Bldg.,  16th  &  Sansom 

Sts.,  Philadelphia,  and  458  S.  Fourth  St.,  Darby, 

POWERS,  Earle  C.  (M  1939)  Partner  (for  mail) 
E.  C.  Powers  &  Son,  240  Cherry  St.,  Philadelphia, 
Pa.,  and  22  E.  Stiles  Ave.,  Collingswood,  N.  J. 

POWERS,  Edgar  C.  (A  1934;  J  1931)  Partner 
(for  mail)  E.  C.  Powers  &  Son,  240-242  Cherry 
St.,  Philadelphia,  Pa.f  and  35  Madison  Ave., 

POWERS,  F.  W.  (Life  Member]  M  1911)  Pres.  (for 
mail)  The  Powers  Regulator  Co.,  2720  Greenview 
Ave.,  and  900  Castlewood  Terrace,  Chicago,  111, 

POWERS,  Lowell  G.  (A  1937;  J  1930)  Br.  Mgr. 
(for  mail)  Carrier  Corp.,  796  Union  Commerce 
Bldg.,  Cleveland,  and  2730  Cranlyn  Rd.,  Shaker 
Heights,  0. 

PRATT,  Foster  J.  (M  1937)  Marine  Engr.,  U.  S. 
Navy  Yard,  Puget  Sound,  Bremerton,  and  (for 
mail)  Annapolis  Terrace,  Port  Orchard,  Wash. 

PRAWL,  Frank  E.  (M  1940;  J  1936)  Owner  & 
Engr.  (for  mail)  Prawl  Engineering  Co.,  P.  0.  Box 
844,  and  401  East  24th,  Scottsbluff,  Ncbr. 

PREBENSEN,  Harold  J.  (M  1938)  Vice-Pres.  (for 
mail)  Air  Comfort  Corp.,  1307  S.  Michigan  Ave., 
Chicago,  and  Meadow  Lark  Rd.,  Northhcld,  111. 

PRENTICE,  Oliver  J.  (A  1927)  Dir.  of  Publicity 
&  Public  Relations  (for  mail)  C.  A.  Dunham  Co., 
450  E.  Ohio  St.,  and  850  Lake  Shore  Dr.,  Chicago, 

PREWITT,  H.  B.  (A  1939)  Asst.  Branch  Mgr.  (for 
mail)  American  Blower  Corp.,  Suburban  Station 
Bldg.,  and  615  E.  Allen  Lane,  Philadelphia,  Pa. 

PRICE,  Charles  E.  (A  19335  Treas  (for  mail) 
Kceney  Publishing  Co.,  6  N.  Michigan  Ave., 
Chicago,  and  800  Vernon  Ave.,  Glencoe,  111. 

PRICE,  Charles  F.  (J  1937)  Htg.  &  Air  Cond. 
Engr.,  The  Knapp  Supply  Co.,  Ohio  Aye.  & 
Dudley  St.,  and  (for  mail)  1015  W.  Washington 
St.,  Muncie,  Ind.  ^  ,  _ 

PRICE,  I).  O.  (M  1934)  Htg.  &  Air  Cond.  Engr., 
General  Steel  Wares,  Ltd.,  199  River  St.,  and 
(for  mail)  131  St.  Germain  Ave.,  Toronto,  Ont,, 

PRICE,    Ernest   H.    (see   Special   Service   Roll, 

PFIIESTER,  Gayle  B.  (J  1935;  S  1934)  Sales 
Engr.,  Carrier  Corp.,  3029  Third  Ave,  S.,  Mmne- 


F.  (J  1936)  Htg.  &  Sales 
Engr.,  R.  B.  Dunning  &  Co.,  54  Broad  St.,  and 
(for  mail)  27  McKinley  St.,  Bangor,  Me. 

PRORBS1XE,  Leonard  (J  1938)  Air  Cond.  Engr., 
Belden-Porter  Co.,  65  North  17th  St.,  and  (for 
mail)  4424-34th  Ave.  S.,  Minneapolis,  Minn.  . 

PROIE,  John  (M  1936)  Gen.  Mgr,  (for  mail)  Proie 
Brothers,  856  W.  North  Ave.,  and  101  Dilworth 


'  G.    C7   1940)    Saks   Engr 
The  Trane  Co.,  115  N.  Eighth  Ave.  E.,  Duluth 
Minn. 
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PRYIBIL,  Paul  L.  (A  1932)  Partner,  Hucker- 
Pryibil  Co.,  1700  Walnut  St.,  and  (for  mail) 
328  E.  Phil-Ellena  St.,  Philadelphia,  Pa. 

PRYKE,  John  K.  M.  (see  Special  Service  Roll, 
p.  73). 

PUGH,  Daniel  C.  (S  1939)  Engrg.  Draftsman, 
.Carbide  &  Carbon  Chemicals  Corp.,  S.  Charles- 
ton, and  (for  mail)  9  McFarland  St.,  Charleston, 
W.  Va. 

PULLUM,  Clarence  E.  (M  1940)  Vice-Pros., 
Bell  &  Gossett  Co.,  3000  S.  Wallace,  Chicago, 
and  (for  mail)  1011  N.  Grove  Ave.,  Oak  Park,  111, 

PULLEN,  Royal  R.  (M  1935)  Chief  Mech.  Engr., 
Homestake  Mining  Co.,  and  (for  mail)  109  East 
Hill  St.,  Lead,  S.  D. 

PURCEIX,  Frederick  C.  (M  1926)  Sales  Engr., 

1  Minneapolis- Honeywell  Regulator  Co.,  415 
Brainard  St.,  and  (for  mail)  18680  Santa  Rosa 
Dr.,  Detroit,  Mich. 

PURINTON,  Dexter  J.  (A  1923)  101  Park  Avc., 
and  (for  mail)  157  East  39th  St.,  New  York,  N.  Y. 

PURINTON,  Ivan  H.  (M  1940)  New  Orleans 
Public  Service,  Inc.,  317  Baronne  St.,  New 
Orleans,  La. 


QUACKENBUSH,  Seelye  M.  (M  1940)  Owner 
(for  mail)  Quackenbush  Co.,  597  Michigan  Ave., 
and  251  Parkside  Ave.,  Buffalo,  N.  Y. 

QUALL,  Clarence  O.  (A  1937)  Owner,  Quail 
Plumbing  &  Heating  Co.,  65  Ninth  St.,  and  (for 
mail)"  54  Pearl  St.,  Clintonville,  Wis. 

QUEER,  Elmer  Roy*  (M  1933)  Asst.  Prof., 
Engrg.  Research  (for  mail)  Pennsylvania  State 
College,  Engrg.  Experiment  Station,  and  338 
Arbor  Way,  State  College,  Pa. 

QUICK,  Blair  A.  (A  1938)  Sales  Mgr.,  Inde- 
pendent Register  Co.,  3747  East  93rd  St.,  and 
(for  mail)  Fenway  Hall,  Cleveland,  O. 

QUIRK,  Clinton  H.  (M  1916;  J  1915)  Eastern 
Repr.  (for  mail)  The  Trane  Co.,  250  East  43rd 
St.,  New  York,  and  465  Front  St.,  Hempatead, 
L.  I.,  N.  Y. 

R 

RABE,  Albert  E.  (M  1938)  Dir.  (for  mail)  Carrier 
Engineering,  South  Africa,  Ltd.,  P.  0.  Box  7821, 
and  152  Mowbray  Rd.,  Greenside  Ext.,  Johannes- 
burg, South  Africa. 

RABER,  Benedict  F.  (M  1937)  Prof.  Mech.  Engrg. 
(for  mail)  University  of  California,  Rm.  114 
Engrg.  Bldg.,  and  1124  Arch  St.,  Berkeley,  Calif. 

RACHAL,  John  M.  (A  1936;  J  1930)  Mgr.  Air 
Cond.  Dept.  (for  mail)  Volkart  Bros.,  8  Clive  St., 
and  1  Bishop  Lefroy  Rd.,  Calcutta,  India. 

RAINE,  John  J.  (M  1912)  Vice-Pres.  (for  mail) 
G.  S,  Blodgett  Co.,  190  Bank  St.,  Burlington,  and 
Essex  Junction,  Vt. 

RAINGER,  Wallace  F.  (A  1930;  J  1924)  Jaros, 
Baum  &  Bolles,  415  Lexington  Ave.,  New  York, 
and  (for  mail)  441  Hawthorne  Ave.,  Yonkers, 
N.  Y. 

RAINSON,  Samuel  (J  1940)  Installation  & 
Service  Air  Cond.  Technician,  Nassau  Air  Con- 
ditioning Co.,  Inc.,  27  Haven  Ave.,  and  (for  mail) 
50  Highland  Ave.,  Port  Washington,  L.  I.,  N.  Y. 

RAISLER,  Robert  K.  (A  1933;  J  1930)  Treas. 
(for  mail)  Raisler  Corp.,  129  Amsterdam  Ave., 
and  38  East  85th  St.,  New  York,  N.  Y. 

RALPH,  David  S.  (J  1938)  Engr.  (for  mail)  The 
L.  R.  Krumm  Co.,  121  E.  Gay  St.  Columbus,  and 
620  Kenilworth  Ave.,  Dayton,  0. 

RAMSEUR,  Vardry  Dixon,  Jr.  (J  1940)  Htg. 
Engr.,  Ramseur  Roofing  Co.,  Inc.,  (for  mail) 
P.  0.  Box  331,  and  Woodvale  Ave.,  Greenville, 
S.  C. 

RAND,  Fred  R.  (U  1938)  Htg.  Engr.  &  Sales 
Mgr.,  Enamel  &  Heating  Products,  Ltd.,  and  (for 
mail)  Squire  St.,  Sackville,  N.  B.,  Canada. 

RANDALL,  Robert  D.  (A  1930)  Partner  (for  mail) 

D.  T.  Randall  &  Co.,  404  Blvd.  Bldg.,  and  340 

E.  Grand  Blvd.,  Detroit,  Mich. 


RANDALL,  W.  Clifton*  (U  1928)  Chief  Engr. 
(for  mail)  Detroit  Steel  Products  Co.,  2250  1"C. 
Grand  Blvd.,  Detroit.,  and  770  Shirley  Dr., 
Birmingham,  Mich. 

RANDOLPH,  Charles  H.  (M  1080;  A  1928; 
J  192G)  Air  Cond.  Kngr.,  Wisconsin  Electric 
Power  Co.,  231  W.  Michigan  St.,  and  (for  mail) 
1014  East  Royall  PI.,  Milwaukee,  Wis. 

RANDOLPH,  Harold  F.  (M  1940)  Vice-Pres. 
(for  mail)  International  Heater  Co.,  101  Park 
Avc.,  and  12  Woodlawn  Ave.  K.,  Utica,  N.  Y. 

RANZINGER,  .Gustav  (S  1939)  147-05  Willets 
Pt.  Blvd.,  Whitestone,  L.  I.,  N.  Y. 

RATHER,  Maxwell  F.  (M  !»!())  Mgr.  Kastern 
Dist.  (for  mail)  Johnson  vScrvice  Co.,  28  East 
29th  St.,  New  York,  N.  Y.,  and  90  Orchard  Dr., 
Greenwich,  Conn. 

RAVEN,  Andrew  H.  (M  1938)  Ht«.  Kngr.,  Wig- 
man  Co.,  310  Perry  St.,  and  (for  mail)  2119 
George  St.,  Sioux  City,  hi. 

RAY,  Geor&e  E.  (J  1939)  En^r.,  Wise  Furnace 
Co.,  100  Lincoln  St.,  Akron,  ami  (for  mail) 
1520  Front  St.,  Cuyahoga  Kails,  O. 

RAY,  Lewis  B.  (M  1932)  Prcs.  (for  mail)  Ray 
Engineering  Co.,  Inc.,  830  Hrourl  St.,  Newark, 
and  151  Augusta  St.,  Irvinpjton,  N.  J, 

RAYMER,  William  F.,  Jr.  (A  lOttO;  J  1934) 
Sales  Engr.  (for  mail)  American  Blower  Corp., 
249  High  St.,  Newark,  and  18  Bradley  Terrace, 
West  Orange,  N.  J. 

RAYMOND,'  Fred  I.*  (A  1020)  Owner,  F,  I, 
Raymond  Co.,  (120  W.  Washington  Blvd., 
Chicago,  111. 

RAYNIS,  Theodore  (A  ,H)39;  J  1034)  Assoc. 
Naval  Archt,  New  York  Navy  Yard,  Brooklyn, 
and  (for  mail)  58  Hilltop  Dr.,  Munlituwct,  L.  I., 
N.  Y. 

READER,  Joseph  T.  (A  1938)  Partner  (for  mail) 
Kerr  Machinery  Co.,  608  Kcrr  Bldg.,  Detroit, 
and  263  Roosevelt  PL,  Groaae  Pointe,  Mich. 

RECK,  William  E.  (M  1927)  Civil  Kn«r.  (for  mail) 
The  Reck  Heating  Co.,  Ltd.,  Ksromgadc  15, 
Copenhagen,  and  Sundvej  10,  Hellerup,  Den- 

REDRUP,  Will  IX  (M  1930)  Pros,  (for  mail)  The 

Majestic  Co.,  and  310  Randolph  St.,  Himtington, 

Ind. 
REDSTONE,  Arthur  L.  (M  1931)  Research  Engr., 

Proctor  &  Schwartz,  Seventh  &  Tabor  Rd.,  and 

(for  mail)  1030  E.  Duval,  Philadelphia,  Pa. 
REED,  Frederick  Jerome  (M  1939)  Anst.  Prof. 

Mech.  Engrg.  (for  mail)  Duke  University,  263 

College    Station,    and    2203    Knglewoud    Ave., 

Durham,  N.  C. 
REED,  Van  A.,  Jr.  (M  1930)  Mech.  Kngr,  (for 

mail)  Federal  Engineerins  Co.,  239  Fourth  Ave., 

Pittsburgh,  and  114  Water  St.,  Elizabeth,  Pa. 
REED,   Virftil  C.    (M   1938)    Owner   (for  mail) 

James  H.  Pinkerton  Co.,  640  Natoma  St.,  and 

1234  Second  Ave.,  San  Francisco,  Calif. 
REED,  William  H.,  Ill  (A  1938)  Mgr.  Carrier 

Dept.  (for  mail)  Dravo  Corp.,  302  Penn  Ave., 

and  5675  Beacon  St.,  Pittsburgh,  Pa, 
REGER,   Henry  P,    (M   1934)    Pres.    (for  mail) 

H.  P.  Roger  &  Co.,  1501  East  72nd  PL,  and  0939 

Bennett  Ave.,  Chicago,  111, 
REID,  Henry  P.   (M  1931;  A   1927)   Operating 

Engr.,  Universal  Atlas  Cement  Co,,   135  Eaat 

42nd  St.,  New  York,  N.  Y. 
REID,  Herbert  F.  (A    1932)  Partner,  Reid-Graff 

Co.,  1417  Peck  St.,   Muskegon  Heights,  Mich. 
REIF,  Allan  F.  (M  1937)  Pres.  (for  mail)  Reif- 

Rexoil,  Inc.,  37-43  Carroll  St.,  Buffalo,  and  10 

Livingston  Pkwy.,  Snyder,  N.  Y. 
REIF,  Charles  A.   (M  1937)   Vice-Pres.,  Treas. 

(for  mail)  Reif-Rexoil,  Inc.,  37-41   Carroll  St., 

Buffalo,  and  77  Ruskin  Rd.,  Eggertsville,  N.  Y. 
REIFSCHNEIDER,  Jake  (A   1938)   Chief  Engr. 

(for  mail)  Eppley  Hotels  Co.,  1802  Dodge  St., 

and  4409  Poppleton,  Omaha,  Nebr. 
REILLY,    Bertram   B.    (/   1938)    Engr.,    Dravo 

Corp.,  300  Penn  Ave.,  Pittsburgh,  and  (for  mail) 

400  Ridgewood  Ave.,  West  View,  Pa. 
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RKILLY,  J,  Harry  (M  1931;  J  1929)  Sales  Engr., 
American  Radiator  Co.,  528  Ferry  St.,  Newark, 
and  (for  mail)  14  Watwon  Ave.,  East  Orange,  N.J.' 

RK1NKK,  Alfred  G.  (A  11)40;  J  1933)  Secy.,  Gus 
Reinkc  Machinery  &  Tool  Co.,  03  Dickcrson  St., 
Newark,  and  (for  mail)  321  Park  PL,  Irvington, 
N.  J, 

RKINKK,  Louis  F.  (A  1087)  Owner  (for  mail) 
Keinke  Sheet  Metal  Worku,  534  S.  Fifth  St.  and 
IrtHfi  W.  Walker  St.,  Milwaukee,  Wia. 

RKIS,  Robert  (J  UMJ)  HtK.  Vt«.  &  Air  Cond. 
KiiKr,,  Rein  fc  O' Donovan,  Inc.,  12  Went  21st  St., 
and  (tor  mail)  lf>5  Kant  47th  St.,  New  York,  N.Y. 

REISBERG,  Leatcr  K.  (/I  1939)  Vice- Pros,  (for 
mail)  (roodin  Co.,  707  N.  Third  St.,  and  2724 
N.  K.  Ilayea  St.,  Minn<»upoIlH,  Minn. 

RKNOUK,  E.  Prince  (M  1933)  Air  Cond.  Supvr., 
WeHtinghoiiHe  Klectrie  &  Manufacturing  Co., 
1005  liiHiiranee  Bidg,,  arid  (for  mail)  3427 
Ran  kin,  Dallas,  Tex, 

REM>,  Harry  L.  (M  1022)  Br.  Mgr.  (for  mail) 
[J.  S,  Radiator  Corp.,  H221  Carnegie  Ave.,  and 
15012  Bnit'imir  Dr.,  Cleveland,  O. 

RBSCH,  Roy  J.  (A  HHO)  i»rcs,  (for  mail)  McQuay, 
Inc.,  1(100  Broadway  N.  E.,  and  Minneapolis 
Athletic  Club,  Minnwipolia,  Minn. 

RKSS,  Otto  J.  (-4  15140;  J  19IW)  Gas  Htg.  Engr. 
(for  mail)  Iowu»Nebni8ka  Lijiht  &  Power  Co., 
1401  O  St.,  and  3408  South  29,  Lincoln,  Nebr. 

RKTTKW,  Harvoy  F,  (M  1929)  Chief  Kn«r., 
Board  of  Kducation,  2l«t  &  Parkway,  and  (for 
mail)  44 U  Walnut  St.,  Philadelphia,  Pa. 

REYNOLDS,  Thurlow  W,  (M  1022)  ConaulttnK 
Knur,,  100  PinfcreMt  l)r,,  llaMtinga-on-Hudson, 
N.  Y. 

REYNOLDS,  Wttltw  V.  (.4  1928)  Pros,  (for  mail) 
Walter  Reynold^  Inc.,  8(M  Third  Ave.,  and  444 
KuHt  fi2tul  St.,  New  York,  N.  Y. 

RHINE,  Ueorfto  K.  (A  1938)  ('apt.,  Ill  Ordnance 
Co.,  30  Div,,  and  (.for  mail)  1804  Vincent  St., 
Brown  wood,  Tex, 

KHOTON,  Wttltw  R.  (M  1930)  Pres.  (tor  mail) 
Tho  W.  R.  KUoLon  <'<».,  5915  Bonna  Ave,,  Cleve- 
land, and  172H  Lee  Rd.,  Cleveland  Heights,  O, 

KICK,  Rohurt  B.  (*•/  I«!i4)  Prof,  of  Experimental 
tilnKnut.  (for  mail)  State  College  of  Argiculture 
Ik  EnghuH'Hng,  univerttity  of  North  Carolina, 
Mwh.  Kn«rK.  Dept.,  nnd  2902  White  Oak  Rd., 

RICHARD,  Edwin  J.  (M  HI83)  Owner  (for  mail) 

Richard  Kuuipment  Co.,  2137  Reading  Rd.,  and 

3147  Victoria  Avt*.,  Cincinnati,  C), 
RICHARDS,  Guy  II.  (A  1939)  Mgr.  ITtg.  Dept., 

Cram*  Co.,  2  South  20th  St.,  and  (for  mail) 

420  North  78th  St.,  Birmingham,  Ala. 
RICHARDS,  l,<MtUc   V.    (A   1940)   Owner-Mgr., 

Rlchardu  ( )il  Burn«r  Sales-Service,  97  Lawrence 

St.,  Maiden,  Mu$«. 
RICHARDSON,  Itary  G,  (M  1934)  lltg.  &  Air 

Concl.,  WilliuniM  &  Rlchurdnon,  204  Dooly  Bldg., 

and  (for  mall)   1433  Harvard  Ave.,  Salt  Lake 

City,  truth. 
RICHARDSON,  Lftimmce  S.  (A  1939)  Mgr.  & 

Kti«r,,  tltg.  Dept.,  Stark- Davis  Co.,  110  S.  W. 

Front  St.,  and  (for  mail)  (1929  a  K.  Yamhill  St., 

Portland,  Ore. 
RICHARDSON,  R*  Donald  (J  1938)  Htg.  Engr., 

Hope's  Heating  tit  Lighting,  Ltd.,  Smcthwick, 

und    (for   mutt)   85   sHhill   Hall  Rd.,  Solihull, 

Birmingham,  England. 
RICHFIELD,  Nicholas  H.  (M  1937)  Engr.,  Oil 

Burner  Div.,  American  Radiator  8c  Standard 

Sanitary  Corp.,  40  Went  4()th  St.,  New  York,  and 

(for  mall)  17a  N.  Tynun  Ave.,  Floral  Park,  L.  L, 

N.Y. 
RIDLEY,  Walter  II.  (M  1930)  Mgr.,  Dryer  Div,, 

Ri««M  Hit  Lombard,  Inc.,  Su0olk  St.,  Lowell,  and 

(for  mail)  High  St.,  Chclmaford,  Mara. 
RIKS,  Lester  S.  (M  1929)  Supt.  Dept.  of  Bldgs.  & 

Ground*  (for  mail)  Oberlin  College,  32  E.  College 

St.,  and  291  Oak  St.,  Oberiin,  O, 


RIESMEYER,  Edward  H.,  Jr.  (A  1936;  J  1930) 
Htg.  Engr.,  Schaffer  Heating  Co.,  231-33  Water 
St.,  and  (for  mail)  4702  Stanton  Ave.,  Pittsburgh, 
Pa. 

RIETZ,  Elmer  W.*  (M  1923)  Mgr.,  Specialty 
Div.  (for  mail)  The  Powers  Regulator  Co.,  2720 
Greenview  Ave.,  Chicago,  and  2250  S.  Sheridan 
Rd.,  Highland  Park,  HI. 

RITCHIE,  Alexander  G.  (M  1933)  Pres.  (for 
mail)  John  Ritchie,  Ltd.,  102  Adelaide  St.  E.,  and 
41  Garfteld  Ave.,  Toronto,  Ont.,  Canada. 

RITCHIE,  Edmund  J.  (M  1923)  Vice-Pres.,  Sales, 
Sarco  Co.,  Inc.,  183  Madison  Ave.,  New  York, 
and  (for  mail)  2  Grace  Court,  Brooklyn,  N.  Y. 

RITCHIE,  William  (Life  Member;  M  1909)  17 
Van  Reipen  Ave.,  Jersey  City,  N.  J. 

RITTER,  Arthur  (M  1911)  Office  Mgr.  (for  mail) 
American  Blower  Corp.,  50  West  40th  St.,  New 
York,  and  29  Edgemont  Rd.,  Scaradale,  N.  Y. 

RIVARD,  Melvin  M.  (M  1935)  Mgr.,  Rivard 
Sales  Co.,  4550  Main  St.,  and  (for  mail)  1805 
West  49th  St.  Terrace,  Kansas  City,  Mo. 

ROBB,  Joseph  E.  (A  1936)  Sales  Repr.,  Western 
Gas  Div.,  Minneapolis-Honeywell  Regulator  Co., 
1717  Illinois  St.,  Lawrence,  Kans. 

ROBERTS,  Henry  L.  (M  1916)  Htg.  Engr.  & 
Contr.  (for  mail)  228  North  16th  St.,  Philadel- 
phia, and  1014  Allston  Rd.,  Brookline,  Del.  Co. 
(Upper  Darby  P.  O.),  Pa. 

ROBERTS,  Henry  P.  (A  1936)  Secy.  Sc  Engr.  (for 
mail)  Roberts-Hamilton  Co.,  713  S.  Third  St., 
and  1901  James  Ave.  S.,  Minneapolis,  Minn. 

ROBERTSON,  James  A.  M.  (A  1936)  Vice-Pres. 
(for  mail)  The  James  Robertson  Co.,  Ltd.,  946 
William  St.,  Montreal,  and  109  Sunnyaide  Ave., 
Wcatmount,  Que.,  Canada. 

ROBINSON,  Arthur  S.  (M  1936)  Engrg.  Dept., 
E,  I.  duPont  de  Nemours  Co.,  Wilmington,  Del., 
and  (for  mail)  730  Ogden  Ave.,  Swarthmore,  Pa. 

ROBINSON,  Donald  M.  (A  1936)  Sales  Engr. 
(for  mail)  Buffalo  Forge  Co.,  640  Woodward 
BldR.,  Washington,  D.  'C.,  and  5509  Lambeth 
Rd.,  Bethesda,  Md. 

ROBINSON,  Ed&ar  R.  (A  1938)  Draftsman, 
Ventilation  Dept.,  New  York  Shipbuilding  Corp., 
Camden,  and  (for  mail)  216  Carlton  Ave., 
Wcstmont,  N.  J. 

ROBINSON,  George  L.  (A  1935)  Designer,  E.  I. 
duPont  cle  Nemours,  Engrg.  Dept.,  duPont 
Bldg.,  and  (for  mail)  210  West  28th  St.,  Apt.  1, 
Wilmington,  Del. 

ROBINSON,  Jack  A.  (A  1940;  J  1936)  Air  Cond. 
Engr.,  Australian  Gas  Light  Co.,  Parker  St., 
Box  481  AA.  G.  P.  0.,  Sydney,  and  (for  mail) 
595  New  South  Head  Rd.,  Rose  Bay,  N.  S.  W., 
Australia. 

ROCHE,  Ivor  F.  (A  1936)  Mgr.,  Fees  Oil  Burners 
of  Canada,  Ltd.,  1405  Drummond  St.,  and  (for 
mail)  4709  Cote  St.  Catherine  Rd.,  Montreal, 
Quo.,  Canada. 

ROCK,  George  A.  (M  1937)  Plbg.  &  Htg.  Con- 
tractor, 1343  S.  W.  Eighth  St.,  Miami,  Fla. 

ROCKWELL,  Theodore  F.  (M  1933;  J  1932) 
Asat.  Prof.  Mech.  Engrg.  (for  mail)  Carnegie 
Institute  of  Technology,  Schenley  Park,  and 
Glenover  PI.,  Aspinwall,  Pittsburgh,  Pa. 

RODEE,  E.  John  (M  1936)  Chief  Engr.  (for  mail) 
John  B-  Pierce  Foundation,  290  Congress  Ave., 
New  Haven,  and  130  Bellcvue  Ave.,  West 
Haven,  Conn. 

RODENIIEISER,  George  B,  (M  1933)  Asat.  Din 
(for  mail)  David  Ranken  Jr.  School  of  Mechanical 
Trades,  4431  Finney  Ave.,  and  3639a  Dover  PL, 
St.  Louis,  Mo. 

RODGERS,  Frederick  A.  (A  1934)  Pres.,  Rodgers 
Engineering  Co.,  204  Thomas  Bldg.,  and  (for 
mail)  3913  Amherst,  Dallas,  Tex. 

RODGERS,  Joseph  S.  (A  1937:  J  1934)  Principal 
Engrg.  Draftsman,  U.  S.  Government,  War 
Dept.,  Edgcwood  Arsenal,  Edgewood,  and  (for 
mail)  16  Fourth  Ave.  S.,  Glen  Burnie,  Md. 
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RODMAN,  R.  W.  (M  1922)  Supt.  of  Custodians 
(for  mail)  Board  of  Education,  City  of  New  York, 
Bureau  of  Plant  Operation  &  Maintenance,  110 
Livingston  St.,  Brooklyn,  and  175  West  73rd  St., 
New  York,  N.  Y. 

ROEBUCK,  William,  Jr.  (M  1917)  Mfrs.  Agent 
(for  mail)  220  Delaware  Ave.,  and  1240  Delaware 
Ave.,  Buffalo,  N.  Y. 

ROGERS,  Charles  S.  (A  1940)  Htg.  Engr.,  L.  P, 
Steuart  &  Bro.,  Inc.,  138-l2th  St.  N.  E.,  Wash- 
ington, D.  C.,  and  (for  mail)  304  Maple  Ave,, 
Falls  Church,  Va. 

ROGERS,  Robert  C.  (A  1937)  House  Htg.  Engr., 
Community  Natural  Gas  Co.,  and  (for  mail) 
5722  Worth,  Dallas,  Tex, 

ROGERS,  Thomas  L.  C.  (A  1939)  Managing  Dir. 
(for  mail)  National  Air  Conditioning  Co.,  Ltd., 
200  Piccadilly  St.  W.,  and  158  Victoria  St., 
London,  Ont.,  Canada. 

ROLLAND,  Sverre  L.  (.4  1934)  Mech.  &  Struc. 
Design  Engr.  (for  mail)  Oklahoma  Gas  &  Electric 
Co.,  321  N.  Harvey,  and  2207  N.  W.  19th  St., 
Oklahoma  City,  Okla. 

RONSICK,  Edward  H.  (M  1937)  Htg.  &  Indus- 
trial Engr.  (for  mail)  St.  Louis  County  Gas  Co., 
231  W.  Lockwood  Ave.,  Webster  Groves,  and 
7739  Stanford  Ave.,  University  City,  Mo. 
ROOT,  Edwin  B.  (M  1936)  Htg.  Engr.,  Superior 
Safety  Furnace  Pipe  Co.,  5816-44  Forsythe  Aye., 
Detroit,  and  (for  mail)  964  Pierce  St.,  Birming- 
ham, Mich. 

ROPER,  Richard  F.  (A  1940)  Pres,,  Pleasantaire 
Corp.,  Tower  Bldg.,  1401  "K"  St.  N.  W.,  and 
(for  mail)  3001  Woodland  Dr.  N.  W.,  Wash- 
ington, D.  C. 

ROSE,  Harold  J.*  (M  1938)  Senior  Industrial 
Fellow  (for  mail)  Mellon  Institute,  4400  Fifth 
Ave.,  and  219  Lytton  Ave.,  Pittsburgh,  Pa, 
ROSE,  Howard  J.  (M  1934)  Gen.  Mgr.,  Suburban 
Air  Conditioning  Corp.,  7  Depot  Plaza,  White 
Plains,  and  (for  mail)  100  Siebrecht  PI.,  New 
Rochelle,  N.  Y. 

ROSE,  Jerome  C.  (M  1937)  Air  Cond.  Engr., 
Buensod-Stacey  Air  Conditioning,  Inc.,  60  East 
42nd  St.,  New  York,  and  (for  mail)  8831  Fort 
Hamilton  Pkwy.,  Brooklyn,  N.  Y. 
ROSEBROUGH,  J.  Stoddard  (A  1937)  Sales 
Engr.,  L.  J.  Mueller  Furnace  Co.,  4246  Forest 
Park,  and  (for  mail)  5937  McPherson  Ave.,  St. 
Louis,  Mo. 

ROSEBROUGH,  Robert  M.  (U  1920)  Br.  Mgr., 
L.  J.  Mueller  Furnace  Co.,  4246  Forest  Park 
Blvd.,  St.  Louis,  and  (for  mail)  519  S.  Gore 
Ave.,  Webster  Groves,  Mo. 

ROSEBY,  Thomas  A.  (M  1939)  Chief  Designing 
Engr.  (for  mail)  Carrier  Australasia,  Ltd.,  36-40 
Bourke  St.,  Sydney,  N.  S.  W.,  and  11  Gillies  St., 
North  Sydney,  N.  S.  W.,  Australia. 
ROSELL,  Axel  F.  (M  1935)  Engr.,  A.  B.  Svenska 
Flaktfabriken,  Kungsgatan  16-18,  Stockholm, 
and  (for  mail)  Per  Horbergs  vag  4,  S.  Angby, 
Sweden. 

ROSEN,  Edmond  J.  (A  1939)  Mgr.,  Temperature 
Control  Dept.  (for  mail)  Parker-Carpenter,  Inc., 
991  Bryant  St.,  San  Francisco,  and  3272  Dakota 
St.,  Oakland,  Calif. 

ROSENBERG,  Irwin  (S  1939)  Research  Asst., 
A.  S.  H.  V.  E.  Research  Lab.,  U.  S,  Bureau  of 
Mines,  and  (for  mail)  612  N.  St.  Clair  St., 
Pittsburgh,  Pa. 

ROSENBERG,    Philip    (A    1928)    Secy.-Treas., 

Universal  Fixture  Corp.,  135  West  23rd  St.,  and 

(for  mail)  250  West  104th  St.,  New  York,  N.  Y. 

ROSENBLATT,  Arthur  M.    (M  1938)   Partner 

(for  mail)  Rosenblatt  &  Hunt,  P.  O.  Box  828, 

and   1250  Edgewood  Dr.,   Charleston,  W.  Va. 

ROSS,  John  D.  (A  1937)  Sales  Engr.  (for  mail) 

Railway  &  Engineering  Specialties,   Ltd.,  417 

St.  Peter  St.,  and  4376  Earnsclifif  Ave.,  Montreal, 

Que.,  Canada. 

ROSS,  John  O.*  (M  1920)  Pres.  (for  mail)  Ross 
Industries  Corp.,  350  Madison  Ave.,  and  3  East 
69th  St.,  New  York,  N.  Y. 


ROSS,  Roderick  (M  1937)  Consulting  Engr.  (For 
mail)  Nicholas  Bldg.,  37  Swanston  St.,  P.  O, 
Box  1381  M,  Melbourne,  C.  1,  and  5  Burns  St., 
Elwood,  Melbourne,  S.  3,  Australia. 

ROSSITER,  Irvin  J.  (A  1939)  Office  Mgr.  (for 
mail)  American  Blower  Corp.,  803  Shcrland 
Bldg.,  South  Bend,  Ind. 

ROTH,  Charles  F.  (A  1930)  Prea,  (for  mail) 
International  Exposition  Co.,  Grand  Central 
Palace,  and  141  East  30th  St.,  New  York.,  N.  Y. 

ROTH,  Harold  R.  (M  1935)  Sales  Engr.  (for  mail) 
Canadian  Sirocco  Co.,  Ltd,,  57  Bloor  St.  W.,  and 

5  Castleview  Ave.,  Toronto,  Ont.,  Canada. 
ROTHMANN,  S.  C.  (M  1930)  Industrial  Hygiene 

Engr.  (for  mail)  West  Virginia  Workmen's 
Compensation  Commission,  Slate  Capitol  Bldg,, 
and  2008M  Kanawha  Blvd.  E.,  Charleston, 
W.  Va. 

ROTTMAYER,  Samuel  I.  (A  1933;  /  1928) 
Mech.  Engr,  (for  mail)  Samuel  R,  Lewis,  Cons. 
Engr.,  407  S.  Dearborn  St.,  and  8641  Drexel 
Ave.,  Chicago,  111. 

ROWE,  William  A.*  (U  1921)  (Council,  1929-31) 
(for  mail)  The  Trane  Co.,  LaCroaae,  Wis.,  and 
718  Longfellow  Ave,,  Detroit,  Mich. 

ROWE,  William  M.  (J  1930)  Sales  (for  mail) 
American  Blower  Corp.,  1302  Swetland  Bldg., 
Cleveland,  and  151  Bradley  Ave.,  Chagrin 
Falls,  0. 

ROWLEY,  Frank  B.*  (M  1918)  (Presidential 
Member)  (Pres,,  1932:  1st  Vice-Pros.,  1931; 
2nd  Vice-Pres.,  1930;  Council,  1927-33)  Prof,  of 
Mech.  Engrg.  and  Director  of  Engineering 
Experiment  Station,  University  of  Minnesota, 
and  (for  mail)  4801  E.  Lake  Harriet  Blvd., 
Minneapolis,  Minn. 

ROY,  Arthur  C.  (A  1937)  Mgr,,  Warm  Air  Div., 
Hoffman  Specialty  Co.,  Watcrbury,  and  (for 
mail)  24  Valleywood  Rd.,  Cos  Cob,  Conn, 

ROY,  L6o  (A  1937)  Power  Sales  Kngr.  (for  mail) 
Quebec  Power  Co.,  229  St.  Joseph  St.,  and  41 
Laurentides  Ave.,  Quebec,  Que,,  Canada. 

ROYER,  Earl  B.  (M  1928)  Designing  Engr., 
Fosdick  &  Kilmer,  Cons.  Engrs.,  1703  Union 
Trust  Bldg.,  and  (for  mail)  (36313  Iris  Ave., 
Cincinnati,  0. 

RUDD,  Dann  J.  (M  1937)  Htg.  &  Vtg.  EiiKrtf,, 
New  York  City  Board  of  Education,  49  Flatbuah 
Ave.  Ext.,  Brooklyn,  and  (for  mail)  367  Deer 
Park  Ave.,  Babylon,  L.  I.,  N.  Y. 

RUEMMELE,  Albert  M.  (/  1038)  Sales  Enpjr.  (for 
mail)  Silkensen-Shaw  Furnace  Co.,  4l2-23rd  St., 
and  3628-QM.  Galveston,  Tex. 

RUFF,  Adolph  G.  (M  1935)  Supt.  of  Power,  U.  S. 
Playing  Card  Co.,  Park  Ave.,  Norwood,  and  (for 
mail)  3824  Woodford  Rd.,  Cincinnati,  0. 

RUFF,  DeWItt  C.  (M  1922)  Treas.  (for  mail) 
Healy-Ruff  Co.,  2255  University  Ave.,  and  2211 
St.  Clair  Ave.,  St.  Paul,  Minn. 

RUGART,  Karl  (A  1924)  Mfrs.  Diet.  Repr.  (for 
mail)  20  South  20th  St.,  Philadelphia,  and  012 
Bryn  Mawr  Ave.,  Penn  Valley,  Narberth,  Pa. 

RUGGLES,  Robert  F.  (M  1936:  A  1927;  J  1920) 
Gen.  Sales  Mgr.,  Autovent  Fan  &;  Blower  Co., 1805 
N.  Kostner  Ave.,  and  (for  mail)  7041  N.  Ozark, 
Edison  Park,  Chicago,  111. 

RUMMEL,  Adolph  J.*  (M  1937)  Air  Cond.  Engr, 
(for  mail)  San  Antonio  Public  Service  Co.,  201 
N.  St.  Mary's  St.,  and  235  North  Drive,  San 
Antonio,  Tex. 

RUNGE,  Carl  H.  (A  1940)  Mgr.  &  Engr.,  Warm 
Air  Htg.  &  Air  Cond,  Dept,,  American  Radiator 

6  Standard  Sanitary  Corp.,  1635  W.  St.  Paul 
Ave.,  Milwaukee,  and  (for  mail)  917  E,  Meadow 
PI.,  Whitefish  Bay,  Wia. 

RUPPERT,  C.  Farrell  (S  1939)  Student,  Purdue 
University,  and  (for  mail)  400  Northwestern 
Ave.,  W.  Lafayette,  Ind., 

RUSSELL,  Edward  A.  (M  1936)  Chief  Engr., 
Vapor  Car  Heating  Co.,  Inc.,  1600  S.  Kilbourn 
Ave.,  and  (for  mail)  8103  Dorchester  Ave., 
Chicago,  111. 
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RUSSKLL,  J.  Nelson  (Lift  M  timber  \  M  1899)  Dir. 

(for  mail)  RoHSur  &  KiiMHtil,  Ltd,,  80  Conduit  St., 

London,  W.  1,  and  Kernacrea,  Kultner,  Buckiiig- 

hnnitfliire,  Kntflund. 
RUSSELL,  Wayiw  B.   (,-1   1930)   Kngr,,  Russell 

Ktirnuro  WorkH,  211  S.  Gn*ene  St.,  and  (for  mail) 

(lOlM  K,  Fourth,  Spokane,  Wanli. 
RUSSKU,,  William  A.  (Af  11)21)  (Council,  1934- 

30)  Xono  Rmn*.,  Hoffman  Specialty  Co.,  and  (for 

mail)  '1*14  Wo«t  f»8t.h  St.,  Kiinaas  City,  Mo. 
RYAN,    Harold   J.    (A/    HMO)    Prow,    (for  mail) 

Harold  J.  Ryan,  Inc.,  122  Krwt  -12nd  St.,  New 

York,  and  401-HW  St.,  Brooklyn,  N1.  Y. 
RYAN,  Jofwph  B.  (M  Km)  Kngn,  3904  Trucy 

Ave.,  KniiMUH  City,  Mo, 
RYAN,  William  P.  (A/  HMO;  /I    1939;  J  1933) 

Chief  Kn«r.,  Tim  Salina  Supply  Co.,  802-304 

N.  Santa  I'Y,  and  (Tor  mail)  810  W,  Republic, 

Salina,  Kan, 
RYBOLT,  Arthur  L.   (A   1TO)  On,  Mgr.  (for 

mull)  The  Rybnlt  floater  Co.,  Miller  St.,  and 

75  Samaritan  Ave,,  Ashland,  (), 
RYKRSON,  Herbert  K,  (A/  1037)  Architects  Div. 

(for  mull)  1'i'ojiIfH  <»»H  Mtfht  &  Coke  Co.,  122  S. 

Michigan  Avrs,  Chicago,  and  008  S.  Wheaton 

Avcs,  Wlioaton,  III. 

8 

SAIJIN,  Kdwarcl  R.  (A/  1919)  Prcs,  (for  mail) 
Kdward  R,  Sahin  «r  CoM  -1710  Market  St.,  Phila- 
delphia, Pa,,  and  205  Page  Ave.,  AlltMtlmrst,  N.  J. 

SABLK,  ttdwttrd  J.  (A/  1030)  Trwia.  (lor  mail) 
The  T,  O,  Murphy  Co,,  25-27  1C,  College  St.,  and 
2<K1  W.  Loral  u  St.,  Oherlin,  O, 

SACHS,  Sam*  (J  1940)  Reaenrch  Asat  in  Mecli. 
KtWR.  (for  mail)  University  of  Illinois,  213 
McvhnniciU  Ktiwtf-  Lab.,  Urbuna,  and  1011  J^J 
S.  Firnt  St.,  CMiumpuiiin,  111. 

SADLER.  (3.  Boone  (M  1928)  Ansoclntc  Civil 
Kn«r,  (mrmail)  Public  Works  Olta,  llth  Naval 
DiMt.,  and  MJirt  Orchard  AvcM  Suit  Diego,  Calif. 

SAGINOR,  S,  V.  (M  am)  Production  Mw.  (for 
mail)  Havcy  Compfe««or  Co.,  2CHJ  N,  Water  St., 
awl  307  Wcmdurd  Aw,,  Kent,  O, 

SAHLM ANN*  Frank  L,  (A  1937)  Tranmjortation 
l)M>t.  (for  mail)  General  Klectric  Co.,  Kuet  Lake 
Rd,,  and  11020  Beech  Avcs,  Erie,  Pa. 

SAITO,  Shoaio  (M  192;*)  (fdt  mull)  Satto  SUozo 
Shoten,  Ltd,,  Marunouchl  Hlclp;,,  Opposite  Tokyo 
Station,  and  «),  No,  4,  3cliome,  Kamata-lcu, 
Tokyo,  JniKLti, 

SALE,  Krttncii  B-  (,4  H)»9)  Salen  ICnjtr,,  Preferred 
UtllltlM  <'».»  140IW  Ht'hnont  Rd,,  Washington, 
1),  C, 

SALINCJER,  Robert  J.  (J  1937)  Much.  Engr,, 
R«K,  l'\  Taylor,  t\>n».  Kngr,,  1)10  Bankers 
MortMUge  Itldg,,  and  (for  mail)  1054  Danville, 
HotiKttm,  Tex, 

SALTER»  Kriwit  II.  (A-/  1930)  Bn«r.  (for  mail) 
Klc^tritvil  1>Htln«  Laboratories,  2  Kaet  End  Ave., 
New  York,  and  1 82  Cleveland  Ave,,  Great  Kills, 
S,  I.,  N,  V. 

SALZKK,  Alfred  R.,  Jr-  (/  1040)  Mech.  En«r., 
F,  U,  Chiitholm,  Com,  M«ch.  Kn«r.,  810  Queen 
&  «*rfMeent  Hld«.,  and  (for  mail)  2322  N-  Villcre 
St.,  New  Orleunn,  La. 

SAMPSON,  Edwin  T.  (/I  1038)  Mar.,  Acoustical 
Div,  (lor  mail)  Atlna  Asbeatofl  Co.,  Ltd,,  110 
McOill  St.,  Montreal,  and  128  Fmchley  Rd,, 
llumpHteud,  Q«e,,  Canada. 

SAMPSON,  Will  IX  (M  1040)  tteddent  Rn«f.  (for 
mall)  Krlbn&  1-tindauer,  Mftch,  Cons.,  Ambassa- 
dor BldK.,  and  f»H18  Murdd  Ave,,  St.  Louis,  Mo. 

SAMUKLS,  Sidney  (A  1028;  J  1925)  Pirn  (for 
jnail)  Sidney  SumuelH,  Inc.,  MO  Weet  OOth  fat., 
and  245  WVdt  107th  St.,  New  York,  N.  Y. 

SANBERN,  K.  N,*  (M  1923)  Aast,  Secy.,  Hoff- 
man Specialty  Co,,  Inc.,  500  Filth  Ave.,  New 
Yttrk,  N.  Y,,  und  (for  mftll)  US  Woodside  Village, 
Stuniford,  (!onri, 


SANDERS,  Charles  M.,  Jr.  (J  1938)  Precipitron 
Repr.  (for  mail)  Westinghouse  Electric  &  Manu- 
facturing Co.,  411  North  Seventh  St.,  and  601 
Westgate,  Apt.  310,  St.  Louis,  Mo. 

SANDFORT,  John  F.  (J  1938)  Instructor,  Mech. 
Engrg.  (for  mail)  Iowa  State  College,  Mech. 
Engrg.  Dept.,  and  821  >g  Duff  Ave.,  Ames,  la. 

SANDS,  Clive  C.  (M  1929)  G.  P.  O.  Box  601  F.  F., 
Sydney,  N.  S.  W.,  Australia. 

SANFORD,  Arthur  L.  (M  1915)  Mech.  Engr., 
C.  H.  Johnston,  Archts.  &  Engrs.,  715  Empire 
Bank  Bldg.,  and  (for  mail)  1129  Portland  Ave., 
St.  Paul,  Minn. 

SANFORD,  Sterling  S.*  (M  1930)  Sales  Engr. 
(for  mail)  The  Detroit  Edison  Co.,  2000  Second 
Ave.,  and  1503  Seyburn  Ave.,  Detroit,  Mich. 

SAPP,  Charles  L.  (A  1936)  Sales  Mgr.,  Farquhar 
Furnace  Co.,  and  (for  mail)  620  N.  Walnut  St., 
Wilmington,  0. 

SATTERLEE,  Harry  A.  (7  1940)  Partner  (for 
mail)  The  Schulte  Plumbing  &  Heating  Co., 
520  Joplin  St.,  and  420  West  "  B  "  St.,  Joplin,  Mo. 

SAUNDERS,  Lawrence  P.  (M  1933)  Chief  Engr., 
Research  Div,  (for  mail)  Harrison  Radiator  Div., 
General  Motors  Corp,,  and  The  Tuscarora  Club, 
Lockport,  N.  Y. 

SAURWEIN,  George  K.  (M  1938)  Supt.,  Engrg. 
Blclga.  &  Grounds  (for  mail)  Harvard  University, 
Lehman  Hall,  Cambridge,  and  247  Slade  St., 
Bclmont,  Mass. 

SAWDON,  W.  M.*  (M  1920)  Prof,  of  Experi- 
mental Engrg.  (for  mail)  Cornell  University, 
College  of  Engrg.,  and  1018  E.  State  St.,  Ithaca, 

SAWIHLL,  R.  V.  (A  1929)  Exec.  Vice-Pres.  (for 
mail)  Domestic  Engineering  Co.,  110  East  42nd 
St.,  New  York,  and  115  Townsend  Ave.,  Pelham 
Manor,  N.  Y. 

SCAUNGI,  Ciro  R.  (J  1940;  S  1938)  Melchior, 
Armstrong,  Dessau  Co.,  614  Memorial  Dr., 
Cambridge,  and  (for  mail)  94  Josephine  Ave., 
Somerville.  Mass. 

SCANLON,  Edward  L.  (A  1934)  Chief  Htg.  Engr. 
(for  mail)  Equitable  Gas  Co.,  435  Sixth  Ave.,  and 
3310  Regan  Ave.,  Pittsburgh  (10),  Pa. 

SCHAD,  Clifford  A.  (A  1938;  J  1937)  Engr., 
United  States  Air  Conditioning  Corp.,  2101  N.  E. 
Kennedy  St.,  and  (for  mail)  4425  43rd  Ave.  S., 
Minneapolis,  Minn. 

SOHAFER,  Harry  C.  (M  1937)  Sales  Mgr.  (for 
mail)  Iroquois  Gas  Corp.,  45  Church  St.,  Buffalo, 
and  197  Union  St.,  Hamburg,  N.  Y. 

SGHECHTER,  Jack  E.  (A  1941;  J  1937)  Chief 
Engr.,  Air  Cond.  Div.  (for  mail)  S.  J.  O'Brien 
Sales  Corp.,  124  West  124th  St.,  New  York,  and 
2520  Kings  Highway,  Brooklyn,  N.  Y. 

SCHEGHTER,  John  P.  (A  1941;  J  1935)  Mech. 
Engr,,  Austin  Co.,  429  Curtis  Bldg.,  and  .(for 
mail)  1812  Burns  Ave.,  Detroit,  Mich. 

SCHBIDEGKER,  Daniel  B.  (A  1919)  Pres.  (for 
mail)  Hunter-Clark  Ventilating  System  Co.,  2800 
Cottage  Grove  Ave.,  and  4020  N.  Kilbourn  Ave., 
Chicago,  111. 

SGHERNBEGK,  Fred  H.  (A  1930)  Sales  (for  mail) 
William  Bros.  Boiler  &  Mfg,  Co,,  Nicollet  Island, 
and  5045  Portland  Ave.,  Minneapolis,  Minn. 

SGHERRER,  Leon  B.  (A  1941;  J  1936)  Sales 
Engr.,  St.  Louis  Cooperage  Co.,  101  Arsenal  St., 
and  for  mail)  0112  Simpson  Terrace,  St.  Louis, 
Mo. 

SCHLIGHTER,  Charles  F.  (U  1938)  Dist,  Mgr., 
Surface  Combustion  Corp.,  600  W  St.  N.  E., 
Washington,  D.  C.,  and  (for  mail)  6740  Fairfax 
Rd.,  Bethesda,  Md. 

SGHLICHTING,  Walter  G.  (M  1932)  Mgr.,  Air 
Cond.  Dept.,  Clarage  Fan  Co.,  and  (tor  mail) 
1417  W.  Lovell  St.,  Kalamazoo,  Mich. 

SGHUGK,  Paul  F.  (A  1940)  Br.  Mgr.,  Grinnell 
Co.,  Inc.,  and  (for  mail)  1410  Edgcumbe  Rd,, 
St.  Paul,  Minn, 

SCHMIDT,  E.  Georg  (M  1938)  Consulting  Engr., 
Berlln-Wilmcrsdorf,  Kaiserallee  43,  Germany. 
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SCHMIDT,  Harry  (M  1937)  Executive  Engr., 
Fedders  Manufacturing  Co.,  Inc.,  57  Tonawanda 
St.,  and  (for  mail)  277  Norwalk  Ave.F  Buffalo, 
N.  Y. 

SCHMIDT,  Karl,  Jr.  (J  1937)  Sales  Engr., 
Michigan  Consolidated  Gas  Co.,  415  Clifford 
St.,  and  (for  mail)  14438  Mayfield  Ave.,  Detroit, 
Mich. 

SCHMIELER,  Joseph  B.*  (J  1938)  Jr.  Aero- 
nautical Engr.,  Naval  Aircraft  Factory,  U,  S. 
Navy  Yard,  Philadelphia,  Pa.,  and  (for  mail) 
311  Delaware  St.,  Woodbury,  N.  J. 

SCHNEIDER,  Charles  H.  (J  1938)  Sales  Ensr. 
(for  mail)  Ilg  Electric  Ventilating  Co.,  1031 
Commercial  Trust  Bldg.,  Philadelphia,  Pa.,  and 
370  North  32nd  St.,  Camden,  N.  J. 

SCHNELL,  Robert  H.  (A  1938)  Asst.  Mcch. 
Engr.  (for  mail)  B.  E.  Landes,  Mcch.  Engr.,  915 
Hubbell  Bldg.,  and  1617-33rd  St.,  Des  Moinea, 

SCHOEFFTER,  Hans  M.  (A  1941;  J  1939)  Mcch. 

&  Sales  Engr.  (for  mail)  Aeronn  Corp.,  410  S. 
Geddes  St.,  and  666  W.  Onondaga  St.,  Syracuse, 
N.  Y. 

SCHOENIJAHN,  Robert  P.  (M  1919)  Consulting 
Engr.  (for  mail)  304-5  Industrial  Trust  Bldg., 
and  719  Nottingham  Rd.F  Wilmington,  Del. 

SCHOEPFLIN,  Paul  H.  (M  1920)  Pres.  (for  mail) 
Niagara  Blower  Co.,  6  East  45th  St.,  New  York, 
and  91  Valley  Rd,,  Larchmont,  N.  Y. 

SCHREIBER,  Herbert  W.  (A  1937)  Br.  Mgr. 
(for  mail)  Johnson  Service  Co.,  507  E.  Michigan 
St.,  and  3136  N.  Eighth  St.,  Milwaukee,  WIs. 

SCHROEDER,  William  R.  (A  1939)  Sales  Engr. 
(for  mail)  General  Heating  Corp.,  7120  N.  Clark 
St.,  and  3631  Janssen  St.,  Chicago,  111. 

SCHROTH,  August  H.  (M  1911)  N.  Y.  Mgr., 
Columbia  Radiator  Co.,  101  Park  Ave.,  New 
York,  N.  Y.,  and  (for  mail)  167  N.  Grove  St., 
P.  O.  Box  47,  E.  Orange,  N.  J. 

SCHUBERT,  Arno  G.  (M  1939)  Asst.  Prof. 
Mech.  Engrg.,  Rensselaer  Polytechnic  Institute, 
Troy,  and  (for  mail)  1301  Broadway,  Watervlict, 

SCHUETZ,  Clyde  C.   (A  1936)  Research  Engr. 

gor  mail)  United  States  Gypsum  Co.,  1253 
iversey  Pkwy.,  Chicago,  and  206  S.  Edward  St., 
Mt.  Prospect,  111. 

SCHULEIN,  Ernst  H.  (A  1939;  J 1937)  Consulting 
Engr.,  Birch  &  Krogboe,  v.  Farimagsgacle  31, 
Copenhagen,  V.,  and  (for  mail)  3  Dalgas  Blvd., 
Copenhagen,  F.,  Denmark. 

SCHULER,  William  B.  (A  1937)  Sales,  Taco 
Heaters,  Inc.,  342  Madison  Ave.,  New  York, 
N.  Y.,  and  (for  mail)  7655  Merrill  Ave.,  Chicago, 

SCHULTZ,  Albert  W.  (M  1936)  Engr.,  Grinnell 
Co.,  Inc.,  240  Seventh  Ave,  S.,  and  (for  mail) 
5204  France  Ave.  S.,  Minneapolis,  Minn. 

SCHULZ,  Edward  L.  (J  1937)  Engr.  (for  mail) 
Carrier  Corp.,  12  South  12th  St.,  Philadelphia, 
and  411  Pembroke  Rd.,  Bala-Cynwyd,  Pa. 

SCHULZ,  Howard  I.  (A  1915)  Mgr.  (for  mail) 
Crane  Co.,  1223  W.  Broad  St.,  and  1600  Monu- 
ment Ave.,  Richmond,  Va. 

SCHULZE,  Ben  H.  (M  1921)  Eastern  Sales  Mgr. 
(for  mail)  Kewanee  Boiler  Corp.,  37  West  39th 
St.,  and  67  Park  Ave.,  New  York,  N,  Y. 

SCHURMAN,  John  A.  (M  1936;  J  1935)  Sales 
Engr.,  York  Ice  Machinery  Corp.,  2700  Wash- 
ington Ave.  N.  W.,  Cleveland,  and  (for  mail) 
16307  Lakewood  Heights  Blvd.,  Lakewood,  0. 

SCHWARTZ,  Jacob  (A  1936;  J  1929)  Contractor 
(for  mail)  Samuel  Schwartz  &  Son,  Inc.,  30  West 
27th  St.,  Bayonne,  and  12  Van  Houten  Ave., 
Jersey  City,  N.  J. 

SCHWARTZ,  Maurice  (A  1938)  Air  Cond. 
Supervisor  (for  mail)  Queens  Borough  Gas  & 
Electric  Co.,  1610  Far  Rockaway  Blvd.,  and 
739  Caffrey  Ave.,  Far  Rockaway,  L.  I.,  N.  Y. 

SCHWARTZ,  Norman  E.  (M  1939;  A  1938)  Dist. 
Engr.,  Chrysler  Corp.,  Airtemp  Div.,  551  S. 
Harrison  Ave.,  Kirkwood,  Mo. 


SCOFIELD,  Paul  C.  (A  1937;  J  1933)  Air  Cond, 
Engr.,  Lockheed  Aircraft  Corp.,  Hurbank,  and 
(for  mail)  3870  Edcnhurst  Ave.,  LOB  Angeles, 

SCOTT,  Allison  F.  H.  (M  11)37)  Vice- Prep.  & 
General  Sales  Mgr.  (for  mail)  Hoffman  Specialty 
Co.,  77  Bedford  St.,  Stamford,  Conn. 

SCOTT,  George  M.  (M  lOItf)  Prca,  (for  mail) 
Child  &  Scott-Donohue,  Inc.,  153  ICtist  38th  St., 
New  York,  and  Fort  Hill  Village,  Seansdale,  N.  Y. 

SCOTT,  William  P.,  Jr.  (A  1041;  J  15)39)  Vice- 
Pres.,  Scott  Co.,  243  Minna  St.,  and  (for  mail) 
255  Santa  Paula  Ave,,  »Sun  Francisco,  Calif. 

SCOTTI,  Frederico  O.  (M  1030)  Doctor  Kngr., 
Htg.  &  Air  Concl.  (for  mail)  via  Hruncllcschi.  4, 
and  via  Maffci,  77,  Florence,  Italy, 

SEAL,  Alfred  T.  (M  1938)  AflBt.  Purchasing 
Agent,  Research  Corp.,  Bound  Brook,  and  (for 
mail)  200  Kandford  Ave.,  North  Pluinfiekl,  N,  J. 

SEARLE,  William  J.,  Jr.  (M  1938)  Air  Cond. 
Engr.,  The  BalHnger  Co.,  105  South  12th  St., 
Philadelphia,  and  (for  mail)  110  Woodeide  Ave., 
Nnrberth,  Pa. 

SEEBER,  Rex  R.*  (M  1934)  Head  Dept.  Mech, 
Entfrg.  (for  mail)  Michigan  College  of  Mining  & 
Technology,  and  Houghton,  Mich. 

SBELBACH,  Herman,  Jr.  (A  1937)  Salew  Engr., 
Minneapolis-Honeywell  Regulator  ^ o,,  45  Allen 
St.,  and  (for  mail)  120  Mariner,  Buffalo,  N.  Y, 

SEELERT,  Edward  H,  (.4  1935)  Hficy.-Treaa. 
(for  mail)  McQuay,  Inc.,  1 000  Broadway  N.  K,, 
and  2927  Ulysses  St,  N.  K.,  Minneapolis,  Minn, 

SEELEY,  Lauren  E.*  (M  1930)  ADHOC,  Prof,  (lor 
mail)  Mason  Laboratory,  Yale  School  of  Kngi- 
neering,  and  ,130  Event  St.,  New  Haven,  Conn, 

SEELIG,  Alfred  E,  (M  H>2fi)  Pros.  «c  Gen.  Mgr,, 
L.  y.  Wing  Mfg.  Co.,  154  West  14th  St.,  and  (for 
mail)  640  Riverside  Dr.,  New  York,  N,  Y. 

SEELIG,  Lester  (M  1925)  Chief  Kn«r,,  Museum 
of  Science  &  Industry,  57th  St,  &  Lake  Michigan, 
and  (for  mail)  5459  Cornell  Ave.,  Chicago,  111. 

SEIGEL,  Lawrence  J.  (J  1039)  Tent  Engr,, 
Cleveland  Electric  IlluminatinK  Co.,  Cleveland, 
and  (for  mail)  350  East  21 1th  St.,  Euclid,  O. 

SEITER,  J.  Earl*  (M  1928)  A««t.  Mgr,  in  charge 
of  Diet.  Steam  Stiles,  Consolidated  Gas,  Electric 
Light  &  Power  Co,,  Km.  500  Lexington  Bldg., 
and  (for  mail)  7117  Bristol  Rd.,  Baltimore,  Md. 

SEKIDO,  Kunlsuke  (Life  Mtmbfr,  M  1903) 
Consulting  Engr.,  19  Momossono,  Nukano, 
Tokyo,  Japan. 

SEHG,  Ernest  T.,  Jr.  (M  1930)  Chief  Research 
Engr.  (for  mail)  Campbell  Taggarl  Research 
Corp,,  4049  Pennsylvania,  Ave.,  and  7400  Belle- 
view  Ave.,  Kansas  City,  Mo. 

SELLMAN,  Nils  T.  (M  1922)  Asst.  Vice-Proa,, 
Consolidated  Edison  Co.  of  N.  Y,,  Inc.,  4  Irving 
PL,  New  York,  N.  Y. 

SELTZER,  Paul  A.  (J  1038)  Engr.r  Bryant  Air 
Conditioning  Corp.,  915  N,  Front  St.,  Phila- 
delphia, and  (For  mail)  154  E,  Marshall  Rd., 
Lansdowne,  Pa. 

SENIOR,  Richard  L.  (M  1925)  Prea,  (for  mail) 
R.  L.  Senior,  Inc.,  103  Park  Ave.,  New  York,  and 
10  Cherry  Ave.,  New  Rochelle,  N,  Y, 

SETTELMEYER,  James  T,  (A  1940;  /  1938) 
Instructor,  Reftig.  &  Air  Cond.,  Bssiex:  County 
Vocational  Schools,  294  Norfolk  St.,  Newark,  and 
(for  mail)  332  N.  Maple  Ave.,  East  Orange,  N.  J. 

SEVERNS,  William  H.*  (Jtf  1933)  Prof.  Mcch. 
Engrg.,  University  of  Illinois,  and  009  Indiana 
Ave.,  Urbana,  111. 

SEYFANG,  William  G.  (M  1939)  Managing 
Engr.,  Div.  of  Plant,  Board  of  Education,  814 
City  Hall,  and  (for  mail)  110  Dorchester  Rd., 
Buffalo,  N.  Y. 

SEYMOUR,  James  E.  (A  1937)  Owner,  Lee  & 
Seymour,  346  Russell  St.,  and  (for  mail)  208 
Lakewood  Blvd.,  Madison,  Wis, 

SGAMBATI,  Anthony  P.  (S  1939)  Sears  &  Roe- 
buck Co.,  Engrg.  Dept.,  5029  Morewood  PI., 
Pittsburgh,  Pa.,  and  (for  mail)  3  Spencer  St., 
Youngstown,  0. 


60 


ROLL  OF  MEMBERSHIP 


SHAER,  I.  Ernest  (A  1934)  Treas.-Sales  Engr., 
Shacr  &  Turner  Engineering  Co.,  88  Broad  St., 
Boston,  and  (for  mail)  43  Orrnond  St.,  Dor- 
chester, Mass. 

SHAFER,  W.  P.,  Jr.  (J  1941;  5  1939)  Diat.  Mgr. 
(for  mail)  The  Tmne  Co.,  235  Stcrick  Bldg.,  and 
706  N.  Auburndalc  Ave.,  Memphis,  Tenn. 

SHAFFER,  Chester  E.  (M  1037)  Research  Engr. 
(for  mail)  JCoppcra  Co.,  Kcarny,  and  Troy  Hills, 
N.  J. 

SHANKXIN,  Arthur  P.  (M  1929)  Dist.  Mgr. 
(for  mail)  Carrier  Corp.,  12  South  12th  St., 
Philadelphia,  and  40  Amherst  Ave.,  Swarth- 
raorc,  Pa. 

SHANKLIN,  John  A.  (M  1928)  Vicc-Pres.- 
TrcsiM.  (for  mail)  West  Virginia  Heating  it  Plumb- 
ing Co.,  233  Hale  St.,  Charleston,  W.'Va. 

SHAPIRO,  Charles  A-  (J  1938)  Rales  Engr., 
Johnaon  Service  Co.,  2853  North  12th  St., 
and  (for  mail)  2041  N,  Wanarnakcr  St.,  Philadel- 
phia, Pa, 

SHARP,  Henry  O.  (M  1935)  Sales  Repr.,  Herman 
Nelson  Corp.,  Fullorton  Hldg.,  Rm.  221,  St. 
Louis,  and  (for  mail)  7442  Melroae  Ave.,  Uni- 
versity City,  Mo. 

SHARP,  John  E.  (A  1939)  Owner  (for  mail) 
Sharp's,  215  N.  Fifth  St.,  and  1529  W.  Grand 
Ave.  S,,  Springfield,  111. 

SHARP,  John  R.  (A  1937)  Major  (for  mail) 
CorpH  of  Engineers,  104th  Engineers,  Ft.  Dix, 
and  Maple  St.,  Haworth,  N.  J. 

SHAW,  Burton  E.*  (A  1930;  J  1934)  Research 
Chief  (for  mail)  Penn  Electric  Switch  Co., 
Gonhen,  and  Bristol,  Ind. 

SHAW,  John  A.  (M  1938)  General  Elec.  Engr. 
(for  mail)  Canadian  Pacific  Railway  Co.,  Windsor 
Station,  Montreal,  and  448  Lansdowne  Ave., 
Wentmount,  Que.,  Canada. 

SHAW,  N.  J.  H.  (M  1927;  J  1925)  Sales  Engr., 
Barnes  &;  Jones,  Inc.,  128  Hrooknidc  Aye., 
Jamaica  Plain,  and  (for  mail)  37  Benjamin  Rcl., 
Arlington,  Mass, 

SHEA,  Michael  B.  (M  1921)  Sales  Dept.  (for  mail) 
American  Radiator  &  Standard  Sanitary  Corp., 
8019  Jos,  Campau,  and  4080  Maine  St.,  Detroit, 
Mich. 

SHEARER,  William  A.,  Jr.  (J  1941:  .V  1939)  Jr. 
Engr.,  K,  1.  duPont  de  Nemours  Co,,  and  (for 
mail)  9  McKarland  St.,  Charleston,  W.  Va. 

SHEARS,  Matthew  W.  (M  1922)  Engr.  (for  mail) 
C.  A.  Dunham  Co.,  Ltd.,  1523  Davenport  Rd.f 
and  39  Sylvan  Ave.,  Toronto,  Ont.,  Canada. 

SHEFFLER,  Morris  (M  102 J)  Proa,  (for  mail) 
Sheffler-Groisfj  Co.,  Inc.,  1000  Drexel  Bldg., 
Philadelphia,  and  419  Chapel  Rcl.,  Melroae 
Park,  Montgomery  Co.,  Pa. 

SHELDON,  Nelaon  £.  (M  1927)  Br.  Mgr.  (for 
mail)  Carrier  Corp,,  Syracuse,  and  41  Lanark 
Crescent,  Rochester,  N.  Y. 

SHELDON,  William  IX,  Jr.  (A  1930;  J  1934) 
Chief  Engr.,  Sheldon's,  Ltd.,  and  (for  mail) 
Cedar  St.,  Gait,  Ont.,  Canada, 

SHELBY,  Earlc  D.  (M  1937)  Pros,  (for  mail) 
Glanx  &  Killian  Co.,  1761  W.  Forest  Ave., 
Detroit,  and  Box  243,  Birmingham,  Mich, 

SHELL,  Jack  (M  1940)  Chief  Engr.,  Air  Cond. 
Dept.  (for  mail)  Jefferson  Amusement  Co.,  Box 
3191,  and  R.  F,  D.  1,  Box  1015,  Beaumont,  Tex. 

SHBNK,  Donald  H.  (M  1934)  Aosoc,  Prof.  Mcch. 
Engrg.  (for  mail)  Clemaon  Agricultural  College, 
Riggs  Hall,  and  106  Calhoun  Circle,  Clemson, 

SHEPARD,  John  deB.  (M  1937;  J  1929)  Air 
Cond.  Engr.  (for  mail)  Consolidated  Gas  Electric 
Light  &  Power  Co.,  Lexington  Bldg,,  Rm.  400, 
and  4823  Keswick  Rd.(  Baltimore,  Md. 

SHEPPARD,  Frank  A.  (M  1918)  Sales  (for  mail) 
Johnson  Service  Co.,  1031  Wyandotte  St.,  and 
27  East  70th  St.,  Kansas  City,  Mo. 

SHEPPERD,  Parker  D.  (A  1940;  ./  1938)  Br. 
Mgr.  (for  mail)  Johnson  Service  Co.,  315  St. 
Charles  St.,  and  17  Metairie  Court,  New  Orleans, 
La. 


SHERBROOKE,  Walter  A.  (M  1938)  Grinnell 
Co.,  -Inc.,  29-50  Northern  Blvd.,  Long  Island 
City,  and  (for  mail)  117-01  Park  Lane  South, 
Kew  Gardens,  L.  L,  N.  Y. 

SHERET,  Andrew  (M  1929;  A  1925)  Pres.  (for 
mail)  Andrew  Sheret,  Ltd.,  1114  Blanshard  St., 
and  1030  St.  Charles  St.,  Victoria,  B.  C.,  Canada. 

SHERMAN,  Ralph  A.*  (M  1933)  Supvr.,  Fuels 
Div.  (for  mail)  Battelle  Memorial  Institute,  505 
King  Ave.,  and  1893  Coventry  Rd.,  Columbus,  O. 

SHERMAN,  Victor  L.  (M  1935)  643  Hillside  Ave., 
Glen  Ellyn,  111. 

SHERMAN,  W.  P.  (M  1937)  Chief  Engr.  (for  mail) 
c/o  T.  Louis  Murray,  1807  Main  St.,  and  1802 
Pendleton  St.,  Columbia,  S.  C. 

SHERWOOD,  Laurence  T.  (M  1937)  Glass 
Technologist  (for  mail)  Pennsylvania  Wire 
Glass  Co.,  Dunbar,  and  11  Angle  St.,  Connells- 
ville,  Pa. 

SHIELDS,  Carl  D.  (J  1937;  S  1936)  Engr.  (for 
mail)  U,  S.  Rubber  Co.,  G600  E.  Jefferson, 
Detroit,  and  1167  Kensington,  Grosse  Pointe, 
Mich. 

SHIPLEY,  Sylvanus  C.  (M  1938)  Cost  Engr.  (for 
mail)  Minneapolis-Honeywell  Regulator  Co., 
2753  Fourth  Ave.  S.,  and  1550  E.  River  Terrace, 
Minneapolis,  Minn. 

SHIVERS,  Paul  F.  (M  1930)  Chief  Engr.  (for  mail) 
Minneapolis-Honeywell  Regulator  Co.,  and  75 
W.  Maple  St.,  Wabash,  Ind. 

SHORB,  Will  A.  (Life  Member]  U  1909)  Dist. 
Mgr.,  Decatur  Pump  Co.,  Decatur,  111.,  and  (for 
mail)  47  N.  Lime  St.,  Apt.  6,  Lancaster,  Pa. 

SHORE,  David*  (J  1938)  New  York  Shipbuilding 
Corp.,  Camdcn,  N.  J.,  and  (for  mail)  4044 
Walnut  St.,  Apt.  4,  Philadelphia,  Pa. 

SHROCK,  John  H.  (M  1924)  Vice-Pres.  (for  mail) 
New  York  Blower  Co.,  and  1002  Indiana  Ave., 
La  Porte,  Ind. 

SHULTZ,  Earle  (A  1919)  Vice-Prcs.  (for  mail) 
Illinois  Maintenance  Co.,  72  W.  Adams  St.,  and 
Edgewater  Beach  Apts.,  Chicago,  111. 

SHUMAN,  Laurence  (M  1.939)  Mech,  Engr., 
U.  S.  Housing  Authority,  North  Interior  Bldg., 
Washington,  D.  C.,  and  (for  mail)  8367  16th  St., 
Silver  Spring,  Md. 

SIEGEL,  Daniel  E.  (J  1940;  S  1938)  Estimator, 
Guaranteed  Heating  &  Engineering  Co.,  1923 
Olive  St.,  St.  Louis,  and  (for  mail)  7716  Wise 
Ave,,  Richmond  Heights,  Mo. 

SIEGEL,  Roy  G.  (A  1939)  Owner  (for  mail) 
International  Chimney  Co.,  503  Ellicott  Sq., 
and  243  Norwalk  Ave.,  Buffalo,  N.  Y. 

SIGMUND,  Ralph  W.  (M  1932)  Dist.  Mgr.  (for 
mail)  B.  F.  Sturtevant  Co.,  913  Provident  Bank 
Bldg.,  and  130  Wm.  H.  Taft  Rd.,  Cincinnati,  0. 

SILBERSTEIN,  Bernard  G.  (M  1937)  Dist.  Mgr. 
(for  mail)  Ilg  Electric  Ventilating  Co.,  622 
Broadway,  and  814  East  Mitchell  Ave.,  Cincin- 
nati, O. 

SILVERA,  Americo  (J  1939)  Engr.,  Carrier  Corp., 
Syracuse,  N,  Y. 

SIMKIN,  Milton  (J  1936;  5  1933)  Engr.,  Buensod- 
Stacey  Air  Conditioning,  Inc.,  60  East  42nd  St., 
New  York,  N.  Y.,  and  (for  mail)  103  Brighton 
Ave.,  Perth  Ainboy,  N.  J. 

SIMONS,  Byron  C.  (M  1938)  Br.  Mgr.  (for  mail) 
Minneapolis-Honeywell  Regulator  Co.,  3033 
Locust  Blvd.,  St.  Louis,  and  20  Orchard  Ave., 
Webster  Groves,  Mo. 

SIMONS,  Edward  W.  (M  1938)  Chief  Mech. 
Engr.,  Redwood  Manufacturers  Co.,  1600  Hobart 
Bldg.,  and  (for  mail)  2418  30th  Ave.,  San  Fran- 
cisco, Calif. 

SIMONSON,  George  M.  (M  1937)  Consulting 
Engr.  (for  mail)  625  Market  St.,  Rm.  309,  San 
Francisco,  and  20  Loreta  Ave.,  Piedmont,  Calif. 

SIMPSON,  William  K.  (M  1919)  Engrg.  Con- 
sultant &  Proprietor,  R.  H.  Brown  &  Co.,  New 
Haven,  and  (for  mail)  9  Sands  St.,  Waterbury, 

SIPP,  Edmund  F.  (J  1940)  Jr.  Engr.,  Mills 
Novelty  Co.,  2060  N.  Kolmar  Ave.,  and  (for  mail) 
3755  Nora  Ave.,  Chicago,  111. 
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SKAGERBERG,  Rutcher  (M  1924;  /  1921)  Sr, 

Mech.  Engr.,  U,  S.  Housing  Authority,  North 

Interior  Bldg.,  Washington,  D.  C.,  and  (for  mail) 

420  Tyler  PI.,  Alexandria,  Va. 
SKELLEY,  Jerome  H.  (A  1938)  Owner  (for  mail) 

Skelley    Heating   Equipment    Co.,    1234    Speer 

Blvd.,  and  4101  E.  Ellsworth  Ave.,  Denver,  Colo. 
SKINNER,  Alton,  Jr.  (7  1940)  Engr.  (for  mail) 

J.  R.  Bagwell  Co.,  320  Holland  St.,  P.  O.  Box 

2007,  and  1202  Vickers  Ave.,  Durham,  N.  C. 
SKINNER,  Henry  W.  (M  1920)  Consulting  Engr. 

(for  mail)  4816  Dexter  St.,  Ft.  Worth,  Tex. 
SKLAREVSKI,   Rimma   (A    1940;   J   3936)   Jr. 

Mech.  Engr.,  Sewerage  Works,  City  of  Baltimore, 

and    (for    mail)    226    East    University    Pkwy., 

Baltimore,  Md. 
SKLENARIK,  Louis  (A  1937;  J  1928)  305  East 

72nd  St.,  New  York,  N.  Y. 
SLAWSON,  Lloyd  E.  (A  1938)  Office  Mgr.  (for 

mail)    Barber-Colman   Co.,   3030   Euclid   Ave., 

Cleveland,  and  109  Southwick  Dr.,  Bedford,  O. 
SLEMMONS,    John    D.    (M    1937)    Mgr.    Sales 

Office  (for  mail)  American  Blower  Corp.,  666 

Marion  Rd.,  Columbus,  and  Rte.  2,  Wilson  Rd,, 

Worthington,  O. 
SLOANE,    David    (S    1939)    Student,    Carnegie 

Institute  of  Technology,   Pittsburgh,   Pa.,  and 

(for  mail)  922  Main  St.,  LaCrosse,  Wis. 
SLUSS,  Alfred  H.*  (M  1935)  Prof.  Mech.  Engrg., 

University  of  Kansas,  224  Fowler  Shops,  and  (for 

mail)  827  Mississippi  St.,  Lawrence,  Kans. 
SMAK,   Julius   R.    (A    1934)    Supt.   of   Service 

Section,  Crane  Company,  South  Ave.,  and  (for 

mail)  3135  Park  Ave.,  Bridgeport,  Conn. 
SMALL,  Bartlett  R.  (M  1938;  A  1937;  J  1932) 

Staff  Engr.  (for  mail)  Aluminum  Co.  of  America, 

801  Gulf  Bldg.,  Pittsburgh,  and  34  Hillman  St., 

Brentwood,  Pittsburgh,  Pa. 
SMITH,   Elmer  G.*   (M   1929)   Assoc.   Prof,   of 

Physics,  Agricultural  &  Mechanical  College  of 

Texas,  Dept.  of  Physics,  College  Station,  Tex. 
SMITH,  Card  W.  (M  1927)  Sales  Engr.,  Premier 

Furnace  Co.,  Dowagiac,  Mich.,  and  (for  mail) 

1131  Guilford  St.,  Huntington,  Ind. 
SMITH,    Gerald   E.    (see   Special   Service   Roll, 

p.  73). 
SMITH,  Milton  S.  (M  1919)  Treas.  &  Gen.  Mgr. 

(for  mail)  Buensod-Stacey  Air  Conditioning,  Inc., 

60  East  42nd  St.,  New  York,  N.  Y.,  and  13  N. 

Terrace,  Maplewood,  N.  J. 
SMITH,  Nelson  J.  (M  1938)  Air  Cond.  Design 

Engr.,  Frigidaire  Division,  300  N.  Taylor  St., 

Dayton,  O. 
SMITH,  Reginald  J.  (M  1936)  Mgr.  (for  mail) 

Smith  &  Elston,  71  Third  Ave.,  and  112  S.  Maple 

St.,  Timmins,  Ont.,  Canada. 
SMITH,  Roger  C.  (A  1940)  Branch  Engrg.  Dept., 

York  Ice  Machinery  Corp.,  117  South  llth  St., 

St.   Louis,   and    (for  mail)    7040   Tulane  Ave., 

University  City,  Mo. 
SMITH,    Roy   L.    (S   1939)    Student,    Carnegie 

Institute  of  Technology,   5010   Morewood  PI., 

Pittsburgh,  Pa. 
SMITH,  Stuart  (A  1936)  American  Radiator  & 

Standard  Sanitary  Corp.,  Connecticut  Ave.  & 

S  St.  N.  W.,  Washington,  D.  C.,  and  (for  mail) 

6922  Fairfax  Rd.,  Bethesda,  Md. 
SMITH,  Walter  H.  (M  1939)   Chief  Engr.  (for 

mail)  The  T.  Eaton  Co.,  Ltd.,  Engineers  Office. 

and  7  Kingscourt  Dr.,  Toronto,  Ont.,  Canada. 
SMITH,  Wilbur  F.  (M  1920)  Consulting  Engr., 

W.  M.  Anderson  Co.,  600  Schuylkill  Ave.,  Pitts- 
burgh, and  (for  mail)  709  Braeburn  Lane,  Penn 

Valley,  Narberth  P.  0.,  Pa. 

SMITH,  William  D.  (M  1937;  A  1935)  Pres.  (for 
mail)  Bryant-Smith  Inc.,  2153  Prospect  Ave., 
Cleveland,  and  R.  D.  No.  1,  Peninsula,  O. 
SMITH,  William  O.  (A  1937)  Pres.  (for  mail) 
Smith  Automatic  Heat  Service  Co.,  19250  John 
R  St.,  Detroit,  and  343  E.  Maplehurst,  Ferndale, 
Mich. 

SMOOT,  T.  H.  (M  1935)  Gen.  Mgr.  &  Chief  Bngn, 
Anchor  Post  Fence  Co.,  Htg.  Div.,  6500  Eastern 
Ave.,  and  (for  mail)  1302  Southview  Rd., 
Baltimore,  Md. 


SMYERS,  Edward  C.  (A  1933)  Sales  En«r.t 
Barber-Colman  Controls,  1013  Penn  Ave.,  Wil- 
kinaburg,  and  (for  mail)  148  Jamaica  Ave.,  West 
View,  Pittsburgh,  Pa. 

SNAVELY,  A.  Bowman  (U  1037)  Chief  Engr., 
Hershey  Chocolate  Corp.,  Hcrahcy,  Pa. 

SNAVELY,  Earl  R.  (M  1937)  Dean,  New  York 
Technical  Inst.,  108  Fifth  Ave.,  New  York,  N.  Y., 
and  Sales  Engr.  (for  mail)  Thonuxa  A.  lidison, 
Inc.,  West  Orange,  and  1C)  Parkway  Dr.,  Clark 
Township,  N.  J. 

SNOOK,  Alfred  H.  (A  1940)  Mfrs.  Agent,  Box  117, 
Wayland,  Mich. 

SNYDER,  Edwin  F.,  Jr.  (J  ]()40)  Htg.  Kn«r., 
Biek  Heating  Supply  Co.,  and  (for  mail)  308 
Courtland  St.,  Dowagiac,  Mich. 

SNYDER,  Jay  W.  (M  1017)  Member  of  Firm  (for 
mail)  Snydcr  &  McLean,  2308  Petiobscot  Bldg., 
and  8987  Martindale  Ave.,  Detroit,  Mich. 

SOBEL,  Frank  (S  1939)  Student,  New  York 
Technical  Institute,  108  Fifth  Ave.,  and  (for  mail) 
745  East  175th  St.,  New  York,  N.  Y. 

SODEMANN,  Paul  (M  1926;  /  1020)  Sales  Engr. 
(for  mail)  Sodcmann  Heat  &  Power  Co.,  2306 
Delmar  Blvd.,  and  4136  Farlin  Ave.,  St.  Louis, 
Mo. 

SODEMANN,  William  G.  B.  (M  1919)  Pros,  (for 
mail)  Sodemann  Heat  &  Power  Co.,  2300  Dclmar 
Blvd.,  St.  Louis,  and  7042  Teasdale  Ave., 
University  City,  Mo. 

SOETERS,  Matthew  (M  1937)  Consulting  Engr., 
858  E.  Grand  Blvd.,  Detroit,  Mich. 

SOLSTAD,  Lester  L.  (/  1930)  Kngr.  (for  mail) 
Austin  Sheet  Metal  Works,  flIOi)  W.  Chicago 
Ave.,  and  5348  W.  Potomac,  Chicago,  111. 

SOMERS,  William  S.  (M  1938;  A  1928;  J  1920) 
Chief  Engr.,  Lamneck  Products,  Inc.,  1025 
Lamneck  St.,  and  (for  mail)  113  Kenwood  Dr., 
Middlctown,  0. 

SOMMERFIELD,  Sumner  S.  (A  1941;  J  1930) 
4106  Keystone  Ave.,  Chicago,  111. 

SOMMERS,  William  J.  (M  1937)  Sales  Repr.,  Ilg 
Electric  Ventilating  Co.,  505  Delaware  Ave., 
Buffalo,  and  (for  mail)  150  HtlUwell  Ave., 
Kenmore,  N.  Y. 

SOPER,  H.  A.  (M  1910)  Vico-Pres.  (for  mail) 
American  Foundry  &  Furnace  Co.,  and  1122  E. 
Monroe  St.,  Blooinington,  111. 

SOULE,  Lawrence  G,*  (M  1008)  Consulting 
Engr.,  Aerofin  Corp.,  Syracuse,  N,  Y.,  and  (for 
mail)  Gordon  &  Stewart  Rds.,  Essex  Fells,  N.  J. 

SOUTHMAYD,  Richard  T.  (J  1030)  Sales  (for 
mail)  American  Blower  Corp.,  1302  Swetlaml 
Bldg.,  Cleveland,  and  31  South  St.,  Chagrin 
Falls,  0. 

SPALL,  Edward  G.  (A  1039)  Salea  Engr.,  Power- 
lite  Devices,  Ltd.,  Penn  Electric  Switch  Division, 
171  John  St.,  and  (for  mail)  3  Thornhill  Ave., 
Toronto,  Ont.,  Canada. 

SPARKS,  James  D.  (A  1937)  Northwest  Repr., 
Ilg  Electric  Ventilating  Co.,  7331  W.  Green  Lake 
Way,  Seattle,  Wash. 

SPECKMAN,  Charles  H.  (M  1918)  Consulting 
Htg.  &  Vtg.  Engr,,  Rm.  482,  Bourse  Bldg., 
Philadelphia,  Pa. 

SPELBRINK,  Robert  G.  (J  1040)  Office  Engr., 
York  Ice  Machinery  Corp.,  117  South  llth  St., 
St.  Louis,  and  (for  mall)  8515  Antler  Dr.,  Rich- 
mond Heights,  Mo. 

SPELLER,  F.  N.*  (M  1908)  Advisory  Engr.  (for 
mail)  National  Tube  Co.,  P.  0.  Box  206,  and 
6411  Darlington  Rd.,  Pittsburgh,  Pa. 

SPENCE,  Morton  R.  (J  1934)  (for  mail)  Rundle 
&  Spence  Mfg.  Co.,  445  N.  Fourth  St.,  and  709  E. 
Lexington  Blvd.,  Milwaukee,  Wis. 

SPENCE,  Robert  A.  (J  1937)  Asst.  to  Supt., 
Engrg.  Dept.,  Harvard  University,  Lehman  Hall, 
Cambridge,  and  (for  mail)  33  Barnard  Rd., 
Belmont,  Mass.  \ 

SPENCER,  Roland  M.  (A  1940;  J  1934)  Br.  Mgr. 
(for  mail)  The  Powers  Regulator  Co.,  329  M. 
&  M.  Bldg.,  and  3010  Blodgett,  Houston,  Tex. 
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STEVENS,  Earl  K.  (A  1940)  Treas.  (for  mail) 
International  Exposition  Co.,  480  Lexington 
Ave.,  New  York,  N.  Y.,  and  Fairfield  Ave., 
Greenwich,  Conn. 

STEVENS,  Harry  L.  (M  1934;  A   1927;  J  1924) 

Prea.   (for  mail)   M.   M.  Stevens  Co.,   108  W. 

Sherman,  and  320  West  20th,  Hutchinson,  Kan. 

STEVENS,  Kenneth  M.  (J  1930)  Sales  Engr.  (for 

mail)  Powers  Regulator  Co.,  409  East  13th  St., 

and  4734  Summit,  Kansas  City,  Mo. 

STEVENS,  Wayne  H.  (.4  1939)  Engr.  &  Service 

Mgr.    (for   mail)    Shellenberger,   Gregg   &   Co., 

2203  N.  Prospect  Avc.,  and  1609  E.  Riverside 

PL,  Milwaukee,  Wis. 

STEVENS,  William  R.  (A  1934)  Partner  (for  mail) 
L.  E.  Stevens  Co.,  020  Broadway,  Cincinnati, 
O.,  and  30  Chalfontc  Court,  Ft.  Thomas,  Ky. 
STEVENSON,  Melvin  J.  (M  1935)  Prof.  Mcch. 
Engr.,  Htg.,  Vtg.  &  Air  Cond,,  5321  Cornell 
Ave.,  Chicago,  III. 

STEVENSON,  Wilbur  W.  (M  1928)  Steam  Htg 
Engr.  (for  mail)  Allegheny  Co.  Steam  Heating 
Co.,  435  Sixth  Ave.,  and  1125  Lancaster  Ave., 
Pittsburgh,  Pa. 

STEWART,  Charles  W.  (M  1919;  A  1918)  Asst. 
Secy,  (for  mail)  Hoffman  Specialty  Co.,  Water- 
bury  Natl.  Bank  Bldg.,  and  21  Yatea  Ave., 
Waterbury,  Conn. 

STEWART,  Duncan  J.*  (M  1936;  A  1930)  Mgr., 
Electrical  Div.  (for  mail)  Barber-Colman  Co., 
and  R.  R.  No,  4,  Rockford,  III. 
STEWART,  James  P.  (A  1940;  J  1937)  Engr., 
Power  Engineering  Corp.,  517  Brooks  Bldg., 
Wilkes-Barre,  and  (for  mail)  338  Maple  Avc., 
Kingston,  Pa. 

STEWART,  John  N.  (A  1939)  Plan  Examiner, 
Div.  of  Smoke  Regulation,  District  Bldg.,  and 
(for  mail)  2019  N  St.  N.  W.,  Washington,  D.  C. 
STEWART,  Wesley  O.  (A  1938)  Branch  Mgr.  (for 
mail)  Johnson  Service  Co.,  153  West  Ave.  34, 
and  1921 H  Rodney  Dr.,  Los  Angeles,  Calif. 
STILES,  Gordon  S.  (A  1941;  J  1936)  Heat  Prover, 
Cities  Service  Oil  Co.,  Cedar  Rapids,  and  (for 
mail)  224  Welch  Ave.,  Ames,  la. 
STILLER,  Fredrick  W.  (J  1933)  Estimator  (for 
mail)  F.  C.  Stiller  &  Co.,  129  S.  Tenth  St.,  and 
138  West  49th  St.,  Minneapolis,  Minn. 
STITES,  Richard  (J  1937)  Sales  Engr.  (for  mail) 
Coon  DeVisser  Co.,  2051  W.  Lafayette  Blvd.,  and 
2170  E.  Jefferson,  Detroit,  Mich. 
STOCK,  Charles  Stevens  (M  1936)  Dist.  Repr. 
(for  mail)  The  Herman   Nelson  Corp.,  Rm.  404, 
H08-16th  St.  N.  W.,  Washington,  D.  C.,  and 
6752  Fairfax  Rd.,  Betheada,  Md. 
STOCKWELL,   William   R.    (Life   Member,   M 
1903;  J  1901)  Gen.  Mgr.  Mfg.  Div.,  Weil  McLain 
Co.,  Michigan  City,  Ind. 

STOKES,  Alvin  D.  (M  193C)  Engr.  (for  mail) 
Adsco  Bldg.  Contractors,  901  Seventh  St.  S.  W., 
Washington,  D.  C.,  and  4010  Ellendale  Rd., 
Drexel  Hill,  Pa. 

STOKES,  Arledge  (J  1936)  Engr.  (for  mail) 
Mehring  &  Hanson  Co.,  12  H  St.  N.  E.,  Washing- 
ton, D.  C.,  and  4908  North  17th  St.,  Arlington, Va. 
STONE,  Frank  M.  (M  1940)  Secy.-Treas.  (for 
mail)  Sam  Stone,  Jr.  &  Co.,  Inc.,  Archts., 
1800  Masonic  Temple,  and  2214  Adams  St., 
New  Orleans,  La. 

STORCH,  Clemens  A.  (M  1930)  Sales  Engr., 
Johnson  Service  Co.,  1355  Washington  Blvd., 
Chicago,  and  (for  mail)  331  Cumnor  Rd,, 
Kenilworth,  111. 

STORMS,  Robert  M.  (M  1936)  Consulting  Engr,, 
Htg.  &  Vtg.  (for  mail)  816  W.  Fifth  St.,  Los 
Angeles,  and  354  W.  Wilson,  Glendale,  Calif. 
STORY,  James  W.  (A  1940)  Engr.  (for  mail) 
Leo  S.  Weil  &  Walter  B.  Moses,  Cons.  Engr., 
425  S.  Peters  St.,  and  920  S.  Carrollton  Ave., 
New  Orleans,  La. 

STOTT,  Douglas  A.  (A  1940)  Mgr.  (for  mail) 
Canadian  Powers  Reg.  Co.,  Ltd.,  195  Spadina 
Ave.,  and  19  Gresham  Rd.,  Toronto,  Ont., 
Canada. 


STOTT,  F.  W.  (M  1938)  Sales  Engr,F  C.  A. 
Dunham  Co.,  Ltd.,  1139  Bay  St.,  Toronto,  and 
(for  mail)  80  Allan  St.,  Oakvillc,  Ont.,  Canada. 

STOTZ,  Robert  B.  (J  1938)  Sales  Engr.  (for  mail) 
Frigidaire  Div.,  General  Motors  Sales  Corp., 
675  Greenwood  Ave.,  and  1702  Harvard  Rd., 
Atlanta,  Ga, 

STRAND,  Charles  A.  (A  HMO)  Supt.,  Bruce 
Wigle  Plumbing  &  Heating  Co.,  0117  Hamilton 
Avc.,  and  (for  mail)  0533  Barium  Ave.,  Detroit, 
Mich. 

STRAUCH,  Paul  C.  (A  1934)  Sales  Engr.,  Henry 
Furnace  &  Foundry  Co.,  24  South  18th  St., 
Pittsburgh,  and  (for  mail)  Cambridge  Court 
Apts.,  131  Eclgcwood  Ave,,  Kdgewood,  Pa. 

STREATER,  Edward  C.  (A  1939)  Mgr.  (for  mail) 
L.  E.  Streater  Lumber  Co.,  Spring  Park,  and 
Mound,  Minn. 

STREVELL,  Rofter  P.  (M  1934)  Pros,  and  TreaB. 
(for  mail)  William  R.  Hogg  Co.,  Inc.,  900 
Fourth  Ave.,  Asbury  Pk.,  and  Victor  PI.  & 
State  Highway,  Neptune,  NT.  J, 

STROCK,  Clifford  (M  1937;  A  1929)  Editor  (for 
mail)  Heating  &  Ventilating,  148  Lafayette  St., 
New  York,  and  P.  C).  Box  75(1,  Amity vllle,  L.  L, 
N.  Y. 

STROMGREN,  Svon  G.  (M  1938)  c/o  Svenska 
Flaktfabriken,  Kungagutun  10,  Stockholm, 
Sweden. 

STROUSE,  Sherman  W.  (A  1934)  Sales  Mgr., 
Tranc  Co.,  493  Franklin  St.,  Buffalo,  and  (for 
mail)  05  Mayville  Ave.,  Kcnmorc,  N.  Y. 

STROUSE,  Sidney  B.  (Af  1921)  Consulting 
Engr.  (for  mail)  S.  B.  &  B.  H.  Strouac,  500-521) 
Guarantee  Trust  HI  tig.,  and  22  S,  Illinois  Avc., 
Atlantic  City,  N.  J. 

STRUNIN,  Jay  (A  1030;  J  1933)  Rn«r,  &  Con- 
tractor  (for  mail)  Strunin  Plumbing  &  Heating 
Co.,  408  Second  Ave.,  und  54  West  80th  St., 
New  York,  N.  Y. 

STUART,  Milton  C.*  (M  1035)  Prof,  of  Mcch. 
En«r«,  (for  mail)  Dept.  of  Mech.  Kngr«.,  Lohigh 
University,  and  1828  Jenninp  St.,  Bethlehem, 
Pa. 

STUART,  W,  W.  (A  11)40)  Owner  (for  mail) 
W.  W.  Stuart  Co.,  417  Ninth  St.,  and  1920 
Pleasant  St.,  DOS  Moincfl,  In. 

STUBBS,  William  Carlisle  (M  1934)  Assoc. 
Naval  Archt.  (for  mail)  Norfolk  Nsivy  Yard,  and 
39  Charming  Avc.,  Portnmouth,  Va. 

STURDY,  Oswald  C.  (M  1938)  Sales  Engr,  (for 
mail)  Foster  Wheeler,  Ltd.,  Commerce  &  Trans- 
portation Bldg,,  and  139  Indian  Rd.,  Toronto, 
Ont.,  Canada. 

STURM,  William  (J  1937;  S  1030)  Draftsman, 
Gausman  &  Moore,  COM,  Engm,  1020  First 
National  Bank  Bldg.,  and  (for  mail)  1822  Ash- 
land, St.  Paul,  Minn, 

SUDDERTH,  Leo,  Jr.  (J  1036)  Br,  Mgr.  (for  mail) 
Johnson  Service  Co.,  311  Bona  Allen  Bldg., 
and  1115  Los  Angeles  Ave.  N.  E.,  Atlanta,  Ga, 

SULLIVAN,  Tim  J.  (M  1950)  Pres.,  Sullivan 
Valve  &  Engineering  Co.,  910  S,  Arizona  St., 
Butte,  Mont. 

SUNDERLAN0,  Richard  P,  (A  1938)  Pres,  (for 
mail)  General  Meters-Controls  Co.,  205  W. 
Wacker  Dr.,  Chicago,  and  030  Judson  Ave., 
Evanston,  111. 

SUPPLE,  Graeme  B.  (M  1934)  Dist.  Mgr.  (for 
mail)  American  Blower  Corp.,  ($25  Architects  & 
Builders  Bldg.,  and  420  East  55th  St.,  Indian- 
apolis, Ind. 

SUTGH,  Harry  C.  (A  1940)  Mgr..  Plumbing  & 
Htg.  Dept.,  Goldblatt  Bros.,  3932  S.  Wolcott  St., 
and  (for  mail)  652  Briar  PL,  Chicago,  III. 

SUTCLIFFE,  Arthur  G.  (M  1922;  A  1018)  Chief 
Engr.,  Ilg  Electric  Ventilating  Co.,  2850  N, 
Crawford  Ave,,  Chicago,  and  (for  mail)  432  S. 
Delphia  Avc.,  Park  Ridge,  111. 

SUTFIN,  George  V.  (A  1937)  Sales  Engr.  (for 
mail)  American  Blower  Corp.,  1005-6  American 
Bldg.,  and  3270  Hildreth  Ave,,  Cincinnati,  O. 
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SUTHERLAND,  David  L.  (A  1934)  Pres,  (for 
mail)  Sutherland  Air  Conditioning  Corp.,  632 
Builders  Exchange,  and  1815  S.  Coif  ax  Ave., 
Minneapolis,  Minn. 

SUTTER,  Edgar  E.  (A  1936)  Sales  Engr.,  Mueller 
Brass  Co.,  Port  Huron,  Mich.,  and  (for  mail) 
6705  Sixth  St.  N.  W.,  Washington,  D.  C, 

SWAIN,  William  Leonard  (U  1939)  Dir,  (for 
mail)  Young  Austen  &  Young,  Ltd,,  35  Uphill 
Rd.,  Mill  Hill,  London,  N.  W.  7,  and  St.  Cathe- 
rine's, Sandy  Lodge  Lane,  Moor  Park,  Hertford- 
shire, England. 

SWANEY,  Carroll  R.  (M  1929;  J  1921)  Co- 
Partner  (for  mail)  Gilbert  Howe  Gleason  &  Co., 
28  St.  Botolph  St.,  Boston,  and  43  Clyde  St., 
Newtonvllle,  Masa, 

SWANSQN,  Donald  F.  (J  1938)  Test  Engr., 
Seeger  Refrigerator  Co.,  850  Arcade  St.,  St. 
Paul,  and  (for  mail)  4316  Bloornington  Ave,, 
Minneapolis,  Minn. 

SWANSON,  Earl  0.  (A  1935)  Vice-Pres.,  Andersen 
Corporation,  Bayport,  Minn. 

SWANSON,  Nils  W.  (A  1936)  Sales,  McDonnell 
Sc  Miller,  400  N.  Michigan  Ave.,  and  (for  mail) 
2746  Morse  Ave,,  Chicago,  111. 

SWEENEY,  Robert  H.  (A  1939)  Sales  Engr., 
Minneapolis-Honeywell  Regulator  Co.,  4740 
Baum  Blvd.,  and  (for  mail)  1201  Hillsdale  Ave., 
Pittsburgh,  Pa. 

SWENEHART,  Delmer  W.  (A  1940)  Educational 
Director,  Air  Conditioning  Training  Corp,,  789 
Wick  Ave.,  Youngetown,  and  (for  mail)  Cort- 
land,  0, 

SWENSON,  J.  E.  (A  1930)  Dept.  Mgr,,  Heating 
Div.  (for  mail)  Minneapolis  Gas  Light  Co.,  739 
Marquctte  Ave.,  and  4853  S,  14th  Ave.,  Minne- 
apolis, Minn. 

SWINGLE,  Wayne  T.  (A  1938)  Pros,,  Hastings 
Air  Conditioning  Co.,  Inc.,  and  (for  mail)  918  W. 
Seventh  St.,  Hastings,  Nebr. 

SWISHRR,  Stephen  G.,  Jr.  (M  1936:  A  1934) 
Mgr,  (for  mail)  The  Trane  Co.,  1835  N.  Third 
Kt.,  and  1711  E.  Dean  Rd.,  Milwaukee,  Wia. 

SYDOW,  Louis  J.  (M  1936)  Vke-Prea,,  Grosser*, 
bacher  Furnace  Co,,  Inc.,  0416  W.  Milton  St., 
St.  Louis,  and  (for  mall)  9456  Midland  Ave., 
Overland,  Mo. 

SYMONDS,  Bdward  S.  (U  1030)  Dir,,  Abair 
Engineering  Limited,  1  Devonshire  Sq,,  London, 
E.  C.  2,  England, 

SYSKA,  Adolph  G.  CM  1033)  Consulting  Engr, 
(for  mall)  Syska  &  Hennessy,  144  East  39th  St., 
New  York,  and  8  Alden  PL,  Bronxville,  N,  Y. 

SZBKBLY,  Ernest  (M  1020)  Prea,  &  Gen,  Mgr, 
(for  mail)  Baylay  Blower  Co,,  1817  South  06th 
St.,  Milwaukee,  and  6026  W,  Washington  Blvd., 

SZOMBATHV,  L.  R.  (A  1030)  Pres.  (for  mail) 
Ferguson  Sheet  Metal  Works,  Inc.,  34  N. 
Florissant  Blvd.,  and  3125  Hawthorne  Blvd., 
St.  Louia,  Mo, 


TAGGART,  R.  C.*  (M  1912)  Division  of  Archi- 
tecture, New  York  State  Dept  of  Public  Works, 
Albany,  and  (for  mall)  14  Lyon  Ave.,  Menands, 
Albany,  N.  Y, 

TAMRY,  Mahmoud  El  (M  1030)  Engr,  (for  mail) 
Carrier  Egypt,  S.  A.  B.,  37  Sharia  Kasr  El  Nil, 
Cairo,  and  30,  Hiahmat  Pacha  St.,  Zamalek, 
Cairo,  Egypt. 

TALIAFERRO,  Robert  R.*  (M  1910)  Service 
Engr.,  Carrier  Corp.,  300  S.  Geddes  St.,  and  (for 
mail)  c/o  H.  H.  Marshall,  1307  E,  Adams  St., 

rliuA^bs'  Peter  C.  (A  1938)  Mgr,  The 
Egyptian  Wireless  Co.,  36  Nebi  Daniel  St., 

T AxMADGE, lobster  CM  1924)  Pres.  (for  mail) 
Webster  Tallmadge  &  Co.,  Inc.,  364  Glenwood 
Ave,,  East  Orange,  and  7  Claremont  PL,  Mont- 
clair,  N,  J, 


TANGER,  Othon  C.  F.  (A  1037)  Dir.  N.  V. 
Technische  Handelsmaatschappij  ' '  Reno  va ' ' , 
Rembrandtlaan  34,  Arnhem,  Netherlands. 
TARR,  Harold  M.  (M  1931)  Htg.,  Vtg.  and  Air 
Cond.  Engr.,  21  Montague  St.,  Arlington 
Heights,  Mass. 

TASKER,  C.*  (M"  1935)  Sr.  Research  Fellow  (for 
mail)  Ontario  Research  Foundation,  43  Queen's 
Park,  and  737  Avenue  Rd.,  Toronto,  Ont., 
Canada, 

TAVERNA,  Fred  F.  (M  1928;  A  1927;  J  1924) 
Raisler  Corp.,  129  Amsterdam  Ave,,  New  York, 
N.  Y.,  and  (for  mail)  1011  Palisade  Ave.,  Union 
City,  N.  J. 

TAYLOR,  Edward  M.  (A  1934)  Tech.  Mgr,  (for 
mail),  Taylors,  Ltd.,  32A  Lichfield  St.,  and  51 
Totara  Rd.,  Christchurch,  New  Zealand. 
TAYLOR,  Fielding,  Jr.  (J  1938)  Sales  Engr.  (for 
mail)  American  Machine  &  Metals,  Inc.,  De- 
Bothezat  Ventilating  Div.,  100  Sixth  Ave.,  New 
York,  and  83-02  Cornish  Ave.,  Elmhurst,  L.  L, 
N.  Y. 

TAYLOR,  Harold  J.  (M  1937)  Owner,  Harold  J. 
Taylor,  Htg.  &  Vtg.,  17514  Greenlawn  Ave,, 
Detroit,  Mich. 

TAYLOR,  R.  F.  (M  1915)  Consulting  Engr.  (for 
mail)  910  Bankers  Mortgage  Bldg.,  and  2332 
Watts  Rd.,  Houston,  Tex. 

TAYLOR,  Robert  B.  (/  1938)  Office  Mgr.  (for 
mail)  Buffalo  Forge  Co.,  1305  Standard  Bldg., 
Albany,  and  R.  F.  D.,  New  Scotland,  N.  Y. 
TAYLOR,  Thomas  E.  (J  1937)  Consulting  Engr. 
(for  mail)  307  Postal  Bldg.,  and  7307  N.  Wall, 
Portland,  Ore, 

TAZE,  D.  L.  (M  1931)  Mgr.  (for  mail)  American 

Blower  Corp.,  1302  Swetland  Bldg.,  Cleveland, 

and  10412  Winslow  Rd.,  Shaker  Heights,  O. 

TAZE,  Edwin  H.  (M  1937)  Br.  Mgr.  (for  mail) 

American  Blower  Corp.,  620  Court  Square  Bldg., 

Baltimore,  and  28  Normal  Terrace,  Towson,  Md, 

TEASDALE,  Lawrence  A.  (M  1926)  Engr.  (for 

mail)     Yale     University,     University     Service 

Bureaus,  20  Ashmun  St.,  and  262  W.  Rock  Ave., 

New  Haven,  Conn, 

TEELING,  George  A.  (M  1930)  Consulting  Engr. 
(for  mail)  1  Columbia  PL,  Albany,  and  Box  81, 
Clarksville,  N.  Y. 

TEMPLE,  W.  J.  (M  1931)  Engr.,  J.  A.  Temple  Co., 
108  Parkway,  and  (for  mail)  1215  Reed  St., 
Kalamazoo,  Mich. 

TEMPLIN,  Charles  L.  (M  1921)  Pres,  (for  mail) 
Carrier  Atlanta  Corp.,  348  Peachtree  St.,  and 
781  Sherwood  Rd.  N.  E.,  Atlanta,  Ga. 
TENKONQHY,  Rudolph  J.  (W  1923)  3650  Shaw 

Blvd.,  St,  Louis,  Mo. 

TENNANT,  Raymond  J.  J.  (A  1929)  Engr.  (for 
mail)  Pittsburgh  Business  Properties,  Inc.,  2237 
Oliver  Bldg.,  and  752  N.  Meadowcroft  Ave., 
Mt,  Lebanon,  Pittsburgh,  Pa. 
TENNEY,  Dwiftht  (M  1932)  Pres.  and  Chief  Engr. 
(for  mail)  Tenney  Engineering,  Inc.,  46  Farrand 
St,  Bloomrkld,  and  33  Summit  Rd.,  Verona, 
N  J. 

TERHUNE,  Ralph  D.  (A  1936)  Sales  Engr., 
American  Radiator  &  Standard  Sanitary  Corp.,, 
1747  Connecticut  Ave.  N.  W.,  Washington, 
D.  C.,  and  (for  mail)  604  Maple  Ridge  Rd., 
Bethesda,  Md. 

TERRY,  Matson  C.  (U  1936)  Pres.  (for  mail) 
Certified  Products  Co.,  2014  North  14th  St,,  and 
1420  Potomac  Dr.,  Toledo,  0. 
terWEEME,  Albert  (A  1938)  Sales  Engr,,  N.  V. 
Radiatoren,  Singel  206-208,  Amsterdam  C,  and 
(for  mail)  Archimedeswed  13,  Amsterdam  0, 
Holland. 

THEISS,  Ernest  S.  (A  1941;  /  1940)  Instructor 
in  Mech.  Engrg.  (for  mail)  Duke  University, 
P.  0.  Box  264,  College  Station,  Durham,  N.  C. 
THEOBALD,  Art  (A  1937)  Research  Engr.  (for 
mail)  Payne  Furnace  &  Supply  Co.,  Inc.,  336 
N.  Foothill  Rd.,  Beverly  Hills,  and  116J4  S, 
Kings  Rd.,  Los  Angeles,  Calif. 
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THEORELL,  Axel  T.  (M  1939)  Civil  Engr., 
Theorells  Ingeniorsbyra,  Skoldungagatan  4, 
and  (for  mail)  Lokattsvagen  41,  Appelviken, 
Stockholm,  Sweden. 

THEORELL,  Hugo  G.  T.*  (Life  Member;  M  1902) 
Consulting  Engr.,  Hugo  Theorells  Ingeniorsbyra, 
Skoldungagatan  4,  Stockholm,  Sweden. 

THINN,  C.  A.*  (M  1921)  C.  A.  Dunham  Co., 
450  E.  Ohio  St.,  Chicago,  111. 

THOM,  Arthur  J.  (/  1939)  Htg.  &  Vtg.  Engr., 
Johnson  Service  Co.,  507  E.  Michigan  St.,  and 
(for  mail)  3037  South  39th  St.,  Milwaukee,  Wis. 

THOM,  George  B.  (M  1937)  Asst.  Prof.  Mech. 
Engrg.  (for  mail)  Swarthmore  College,  Swarth- 
more,  Pa. 

THOMAN,  Estell  O.  (A  1938)  Heat  &  Air  Cond. 
Engr.,  Boot  &  Co.,  115  Fulton  St.  W.,  and  (for 
mail)  403  College  St.  S.  E.,  Grand  Rapids,  Mich. 

THOMAS,  Arthur  E.  (J  1938)  Contracts  Mgr., 
Young,  Austin  &  Young,  Ltd.,  H35/36  Exchange 
Bldgs.,  and  (for  mail)  "Arlen"  56,  Thingwall 
Rd.,  Wavertree,  Liverpool,  15,  England. 

THOMAS,  Bernard  A.  (A  1937;  / 1923)  Mgr.  Htg. 
Dept.,  Crane  Co.,  and  (for  mail)  405  E.  Idlewild 
Ave.,  Tampa,  Fla. 

THOMAS,  Glefige  (M  1923)  Office  Mgr.  (for  mail) 
Clarage  Fan  Co.,  723  Albee  Bldg.,  Washing£on, 
D.  C.,  and  7  W.  Leland  St.,  Chevy  Chase,  Md. 

THOMAS,  L.  G.  Lee  (M  1934)  Vice-Prea., 
Economy  Pumps,  Inc.,  1000  Weller  Ave.,  Hamil- 
ton, O. 

THOMAS,  Melvern  F.  (M  1909)  Consulting  Engr. 
(for  mail)  24  Bloor  St.  W.,  and  74  Rivercrest  Rd., 
Toronto,  Ont.,  Canada. 

THOMAS,  Norman  A.  (M  1928)  Pres.,  Thomas 
Heating  Co.,  142  South  14th  St.,  La  Crosse,  Wis. 

THOMAS,  Ralph  G.  (A  1938)  Pres.,  Thomas  Air 
Conditioning,  Inc.,  819  Westover  Ave.,  Norfolk, 
Va. 

THOMAS,  Richard  H.  (Life  Member  \  M  1920) 
Pres.  (for  mail)  Economy  Pumps,  Inc.,  2522  W. 
Congress  St.,  Chicago,  and  426  forest  Ave., 
Oak  Park,  111. 

THOMPSON,  Charles  (A  1927)  Owner,  Builders 
Wholesale  Supply  Corp.,  Box  1669,  Reno,  Nev. 

THOMPSON,  Edward  B.  (A  1938)  Supervisor, 
Htg.  Engrg.,  Cincinnati  Gas  &  Elec.  Co.,  Fourth 
and  Main  Sts.,  and  (for  mail)  1198  Coronado 
Ave.,  Cincinnati,  0. 

THOMPSON,  Frank  (M  1935)  Gen.  Supt.  (for 
mail)  Vulcan  Iron  Works,  Ltd.,  and  653  Kings- 
way  Ave.,  Winnipeg,  Man.,  Canada. 

THOMPSON,  Nelson  S.*  (Life  Member-,  M  1917: 
J  1897)  1615  Hobart  St.  N.  W.,  Washington) 

THOMSEN,  Nis  B.  (M  1938)  168  Fallingbrook 
Rd.,  Toronto,  Ont.,  Canada. 

THOMSON,  Thomas  N.*  (Life  Member;  M  1899) 
Htg.  &  Plbg.  Consultant,  37  Irwin  PL,  Hunting- 
ton,  L.  I.,  N.  Y. 

THORNBURG,  Harold  A.  (M  1932;  J  1929) 
Chief  Engr.,  N.  V.  Gebr.  van  Swaay  Mij, 
Soerabaja,  Java,  N.  E.  I.,  and  (for  mail)  1911 
Dorchester  Rd.,  Apt.  6  G,  Brooklyn,  N.  Y. 

THORNTON,  Thaddeus  L.  (M  1937)  Main- 
tenance Engr.,  Prudential  Insurance,  96  Barclay 
St.,  Newark,  and  (for  mail)  37  Perry  St.,  Belle- 

THORNTON,  William  Barry*  (M  1931)  Sales 
Engr.  (for  mail)  Carrier  Corp.,  Merchandise 
Mart,  and  8314  Indiana  Ave.,  Chicago,  111. 

THRUSH,  Homer  A.  (M  1918)  Pres.,  H.  A. 
Thrush  &  Co.,  21  E.  Riverside  Dr.,  Peru,  Ind. 

THULMAN,  Robert  Kelley*  (M  1938)  Mech. 
Engr.,  Federal  Housing  Administration,  Vermont 
and  K  Sts.  N.  W.,  Washington,  D.  C.,  and  (for 
mail)  6505  Ridgewood  Ave.,  Chevy  Chase,  Md. 

THUNEY,  Francis  M.  (A  1939;  J  1936)  Applica- 
tion Engr.  (for  mail)  Win.  E.  Kings  well.  Inc., 
3707  Georgia  Ave.  N.  W.,  Washington,  fa    C 
and  202  Glenwood  Rd.,  Bethesda,  Md. 


TIDMARSH,  Patrick  M.  (M  1938)  Vice-Pres.  and 
Gen.  Mgr.  (for  mail)  Tidmarsh  Engineering  Co., 
P.  0.  Box  2425,  and  2626  E.  Fourth  St.,  Tucson, 
Ariz. 

TIERNAN,  James  P.  (A  1940)  Pres,,  Krausa 
Engineering  Co.,  120  Locust  St.,  Roselle,  and  (for 
mail)  129  Union  Rd,,  Roselle  Park,  N.  J. 

TILLER,  Louin  (A  1935;  5  1933)  Air  Cond.  Engr., 
Oklahoma  Gas  &  Electric  Co.,  321  N.  Harvey, 
and  (for  mail)  2712  Northwest  15th  St.,  Okla- 
homa City,  Okla. 

TILLINGHAST,  Harry  S.  (J  1941;  5  1940) 
Chief  Time  Study  (for  mail)  Detroit  Extrusion 
Plant,  Aluminum  Co.  of  America,  33,11  Dunn 
Rd.,  and  60  W.  Euclid,  Detroit,  Mich. 

TILTON,  Nell  K.  (A  1939)  Pres,,  Mayflower  Air- 
Conditioners,  Inc.,  Ncwcomb  and  East  Seventh 
St.,  and  (for  mail)  876  Osccola  Ave,,  St.  Paul, 
Minn. 

TILTZ,  Bernard  E.  (M  1930)  Pres,  (for  mail) 
Tiltz  Air  Conditioning  Corp.,  230  Park  Ave., 
New  York,  and  25  Lookout  Circle,  Larchmont, 
N.  Y. 

TIMMIS,  Pierce  (M  1920)  Service  Equip.  Engr. 
(for  mail)  United  Engineers  &  Constructors,  Inc., 
1401  Arch  St.,  Philadelphia,  and  202  Midland 
Ave.,  Wayne,  Pa. 

TIMMIS,  W.  Walter  (M  1933;  A  1925)  Vice-Pres. 
(for  mail)  Herske  £  Timmis,  Inc.,  33  West  60th 
St.,  New  York,  and  Woodland  Dr.,  Pleasant ville, 

TJERSLAND,  Alf  (M  1916;  J  1906)  E.  Sunde  & 
Co.,  Ltd.,  Oslo,  Norway. 

TOBIN,  John  F.  (A  1934)  Sales  (for  mail) 
American  Blower  Corp.,  228  N.  LaSalle  St,,  and 
11256  S.  Artesian  Ave.,  Chicago,  111. 

TODD,  Meryl  L.  (M  1940;  /  1036)  Mech.  Engr. 
(for  mail)  1111  Independence  Ave.,  and  100 
Highland  Blvd.,  Waterloo,  la. 

TODD,  Stan  ton  W.,  Jr.  (A  1939;  J  1935)  Repr., 
American  Radiator  &  Standard  Sanitary  Corp., 
8019  Joseph  Campau  St.,  Detroit,  and  (for  mail) 
309  Paris  S.  E.,  Grand  Rapids,  Mich, 

TOENSFELDT,  Ralf  (M  1940)  Consulting  Engr. 
(for  mail)  411  Security  Bldg.,  and  6311  Water- 
man Ave.,  St.  Louis,  Mo. 

TOLHURST,  George  C.  (M  1936)  Htg.  Drafts- 
man, Warden  King,  Ltd.,  Bennett  Ave.,  Mon- 
treal, and  (for  mail)  142  Blvd.  St,,  Germain, 
St.  Laurent  (near  Montreal),  Que.,  Canada. 

TONE,  Jay  E.,  Jr.  (A  1940)  Prea.  (for  mail)  Tone 
Air  Conditioning  Co.,  533  Seventh  St.,  and  651 
36th  St.,  Des  Moines,  la. 

TONRY,  Robert  G.  (M  1936)  Mgr.  (for  mail) 
Wiedebusch  Plumbing  &  Heating  Co.,  511  First 
St.,  and  217  Fairmont  Ave.,  Fairmont,  W.  Va 

TOONDER,  Clarence  L.  (M  1933)  Mech.  Engr., 
Argonaut  Div.,  General  Motors  Corp.,  General 
Motors  Research  Bldg.,  and  (for  mail)  13391 
Marlowe  Ave.,  Detroit,  Mich. 

TORNQUIST,  Earl  L.  (A  1934)  Test  Engr.  (for 
mail)  Public  Service  Co.  of  Northern  Illinois,  72 
W.  Adams  St.,  Chicago,  and  465  Parkside  Ave,, 
Elmhurst,  111. 

TOROK,  Elmer  (M  1936)  Supt.  of  Power  (for 
mail)  North  American  Rayon  Corp.,  and  203 
West  G  St.,  Elizabethton,  Tenn. 

TORR,  Thomas  W.  (M  1933)  Chief  Engr.,  The 
Rudy  Furnace  Co.,  and  (for  mail)  205  Green 
St.,  Dowagiac,  Mich. 

TOULOUKIAN,  Yeram  S.  (S  1939)  Research 
Asst.  (for  mail)  Massachusetts  Institute  of  Tech- 
nology, M.  I.  T.  Graduate  House,  Cambridge, 
Mass.,  and  Istanbul,  Turkey. 

TOUTON,  Rush  D.  (M  1933)  Tech.  Dir.  (for 
mail)  Bayuk  Cigars,  Inc.,  Ninth  and  Columbia 
Ave.,  Philadelphia,  and  19  Lodges  Lane,  Bala- 
Cynwyd,  Pa. 

TOWER,  Elwood  S.  (M  1930)  Consulting  Engr. 
(for  mail)  213  Investment  Bldg.,  and  5516  Wood- 
mont  St.,  Pittsburgh,  Pa. 
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TOWLE,  Philip  Hamilton  (/  1938)  Air  Cond. 

Engr,  (for  mail)  General  Air  Conditioning  Co., 

1313  Jay  St.,  and  942<-42nd  St..  Sacramento, 

Calif. 
TOWNE,  Charles  O.  (/  1938)  Engr.  (for  mall) 

Clowe  ite  Cowan,  Inc.,  401  Harrison  St.,  and  3020 

W,  Ninth  Ave,,  Arnarillo,  Tex. 
TRACY,  William  E.  (/  1038)  Sales  Kngr.  (for 

mail)  B.  F.  Sturtcvant  Co,,  404  Wrigley  Bldg., 

Chicago,  and  Glen  Kllyn,  111, 
TRAMBAUBR,  Charles  W.  (A   1941;  J  1936) 

Sales  Knar.,  Hoffman  Specialty  Co.,  500  Fifth 

Ave.,  New  York,  and   (for  mail)   145-50-18th 

Ave.,  Whitcstcme,  L.  I.,  N,  Y. 
TRANE,  Reuben  N>  (M  1015)  Prea.  (for  mail) 

The  Trane  Co.,  and  126  South  15th  St.,  LaCrosac, 

Wis. 
TRAUGOTT,  Mortimer  (A  1930)  Mgr.  (for  mail) 

Bryant  Air  Conditioning  Corp.,  915  N.  Front  St., 

Philadelphia,  and  8208  Westminster  Rd,,  Klklns 

Park,  Pa. 
TRAYNOR,  Harry  S.  (J  1937)  Bngr,,  Carrier 

Corp.,  3.  Geddet  St.,  and  (for  mail),  504  Roberta 

Ave.,  Syracuse,  N.  Y. 
TREADWAY,  J.  Quentln  (A  1930;  J  1032)  Disk 

Sales  Mgr.  (for  mail)  Garage  Fan  Co.,  210  Rey- 
nolds Arcade,  and  8!28  Winona  Blvd.,  Rochester. 

N.  Y. 
TRBNNER,  K*Iv!n  (A  1938)  Dint.  Mgr,,  Steel 

Products  Engineering  Co.,  Springfield,  and  (for 

mail)  500  Parkview  St.,  Mansfield,  0. 
TRICGS,  Fred  E.  (M  1038)  Mfrs,  Agt,  (for  mail) 

Box  1,  H.  P.  Station,  and  3901  Second  St.,  Dea 

Mnine-i,  la. 
TROLBSB,  Louis  G.  (A  1040)  Engr.  (for  mall) 

General  Air  Conditioning;  &  Heating  Co.,  4001 

Piedmont  Ave,,  and  367  Palm  Ave.,  Oakland. 

Calif, 
TROSTEL,  Otto  A,  (M  1035)  Kngn,  Standard 

Distributing  Co,,  406  E.  Wdl»  St.,  Milwaukee, 

and  (for  mail)  Route  No,  2,  Thientvillc,  Wia, 
TttOUP,  John  I),  (M  1038)  Managing  Dlr.  (for 

mail)  John  D,  Troup.  Ltd,,  00  High  Holborn, 

London,  W,  (!.  1,  and  48  Plough  Lane,  Parley, 

Surrey,  England*  , 

TRUMBO,  S,  M,  (A  1026)  Sale®  (for  mail)  Buffalo 

Forge  Co.,  20  N,  Wackcr  Dr.,  Chicago,  and  021 

Franklin  St.,  Downen  Grove,  111, 
TRZOS,  Otto  A.  (A  1940;  J  1988)  Industrial  Ga0 

Engr.  (for  mail)  Consumers  Power  Co.,  2850 

Chadwick,  Pontiae,  and  Box  103,  Keego  Harbor, 

Mich, 

TUCKER,  Frank  N,  (M  1926)  Field  Engr.,  Ilg 
Electric  Ventilating  Co.,  13  Park  Row,  Rm,  11, 
New  York,  and  (for  mail)  230  Whaley  St., 
Freeport,  L,  I.,  N,  Y, 

TUCKER,  Leonard  A.  (M  1935)  Service  Sales 
Mar.,  J,  J,  Pocock,  Inc.,  Slit  ana  Jcftenon  Sit., 
Philadelphia,  and  (for  mall)  518  Monroe  Ave,, 
Ard$ley»  Pa, 

TUCKER,  Ralph  E.  (M  1040)  Chief  Draftsman 
(for  mail)  York  Ice  Machinery  Corp.,  2201 
Texan  Ave,,  and  5220  Hillman  St.,  Houston,  Tex. 

TUCKER,  Thomas  T.  (M  1036;  A  1030)  Prea., 
Armor  Insulating  Co,,  800  Forreit  St,  N.  W,,  and 
(for  mail)  3019  Ivy  Kd,,  Atlanta,  Ga. 

TUCKERMANf  George  E,  (M  1032)  Mgr,  (for 
mall)  Anderion  Conditioning  Co.,  600  Schuylkill 
Ave,,  Philadelphia,  and  502  Rodman  Ave., 
Jenkintown,  Pa.* 

TUMPANR,  James  P.,  Jr.  (5  1030)  Student  (for 
mail)  Carnegie  Institute  of  Technology,  5029 
Morewood  PL,  Pittsburgh,  Pa.,  and  Big;  Flats, 

TURLAND,  Chariot  H.  (M  1934;  A  1030)  Sales 
Engr.  (for  mail)  K,  E.  Johneton  Co.,  Ltd.,  1070 
Homer  St.,  and  4553  w.  Third  Ave.,  Vancouver, 
B.  C.,  Canada, 

TURNER,  Kdmond  S*  (A  1030)  Sales  Engr,,  Wm. 
S.  Turner  &  Co.,  311  Pacific  Bldg.,  and  (for  mail) 
3465  Northeait  30th  Ave,,  Portland,  Ore. 


TURNER,  George  G.  (A  1934)  Western  Repr.. 

Heating  &  Ventilating  (for  mail)  The  Industrial 

Press,  228  N.   LaSalle  St.,   Chicago,  and  827 

Hinman  Ave.,  Evanston,  111. 
TURNO,  Walter  G*  (M  1917;  A  1912)  Secy,,  H. 

W.  Porter  &  Co.,  Newark,  and  (for  mail)  71 

Lafayette  Ave.,  East  Orange,  N.  J. 
TUSCH,  Walter  (M  1917)  Secy.,  Tenney  &  Ohmes, 

Inc.,  101  Park  Ave.,  New  York,  and  (for  mail) 

881  Sterling  PI.,  Brooklyn,  N.  Y. 
TUTHILL,  Arthur  F.*  (J  1940:  S  1938)  Instructor 

Mech.  Engrg.   (for  mail)   The  Cooper  Union, 

Cooper   Square,    New   York,    and    Cutchogue. 

TUTSCH!  Rodney  J.  (J  1939)  Asst.  Mgr.  (for 
msail)  Iron  Fireman  of  Milwaukee,  Inc.,  4507  W. 
Wisconsin  Ave,,  and  4455  N.  Oakland  Ave,, 
Milwaukee,  Wis. 

TUTTLE,  George  H,*  (M  1937;  A  1936:  J  1934) 
Htg.  Engr.  (for  mail)  The  Detroit  Edison  Co., 
2000  Second  Ave.,  and  16714  Kentfield,  Detroit, 
Mich. 

TUTTLE,  J.  Frank  (M  1913)  Sales  Agent  (for 
mail)  Warren  Webster  &  Co.,  127  Federal  St.t 
Boston,  and  9  Lewis  Rd.,  Winchester,  Mass. 

TUVE,  Georfte  L.*  (M  1932)  (Council  1939-40) 
Prof,  of  Heat-Power  Engrg.  (for  mail)  Case 
School  of  Applied  Science,  Cleveland  and  2510 
Newbury  Dr.,  Cleveland  Heights,  0. 

TUXHORN,  David  B.  (M  1936)  Mgr.,  The  York 
Heat  &  Fuel  Co.,  935  Shoreham  Bldg.,  and  (for 
mail)  4853  Sedgwick  St.  N.  W.,  Washington,  D.C, 

TWIST,  Charles  F.  (M  1921)  Pres.  (for  mail) 
Ashwell-Twiat  Co.,  967  Thomas  St.,  Seattle, 
Wash, 

TWIZELL,  Edwin  W.  (M  1937)  Partner  (for  mail) 
Connolly  &  Twissell  Reg'd.,  1405  Bishop  St.,  and 
5176  Westbury  Ave.,  Montreal,  Que.,  Canada. 

TYLER,  Roy  D.  (M  1928)  Mgr.  (for  mail)  Modine 
Mfg.  Co.,  101  Park  Ave.,  Rm.  1734,  New  York, 
N.  Y.,  and  5  Ferris  Dr.,  Old  Greenwich,  Conn. 

u 

UHL,  Edwin  J.  (M  1925)  Partner  (for  mail)  Uhl 

Co.,  132  S.  Tenth  St.,  and  4830  Pleasant  Ave.  S.f 

Minneapolis,  Minn. 
UHL,  Wlllard  F.  (M  1918)  Partner  (for  mail)  Uhl 

Co.,  132  S.  Tenth  St.,  and  4716  Lyndale  Ave.  S., 

Minneapolis,  Minn. 
UHLHQRN,  W.  J,  (M  1920)  733  S.  Highland  Ave., 

Oak  Park,  111, 
ULLRICH,  Anton  B.,  Jr.  (/  1937)  Sales  Engr. 

(for  mail)  Gilbert  Engineering  Co.,  1305  Liberty 

Bank  Bldg.,  and  0012  Lewis,  Dallas,  Tex. 
UPSON,  Walter  L.  (M  1938)  Dir.  of  Research  (for 

mail)  Torrington  Manufacturing  Co.,  Torrington, 

and  Litchfield,  Conn, 
URBAN,  Frank  F.  (A  1939)  Vice-Preu,,  Urban 

Plumbing  ik  Heating  Co.,  1215  S.  W.  Fifth  Ave., 

and  (for  mail)  6726  S.  W.  Burlingame  Ave., 

Portland,  Ore. 
URDAHL,  Thomas  H.  (M  1930)  (Council  1940) 

Consulting  Engr.    (for  mail)  726  Jackson  PL 

N.  W.,  and  150S~44th  St.  N.  W,,  Washington, 

D.C. 

V 

VALE,  Henry  A.  L.  (M  1920)  Managing  Dir.  (for 
mail)  Vale  Company,  Ltd.,  141-143  Armagh  St., 
Christchurch,  and  203  Llam  Rd.,  Fcnaalton, 
Christchurch,  New  Zealand. 

VAN  ALSDUKG,  Jerold  II.*  (M  1031)  Sales  Engr, 
(for  mail)  Hart  &  Cooley  Manufacturing  Co.,  01 
W.  Kinssie  St.,  Chicago,  111.,  and  WMtflrtd,  N.  Y. 

VANCE,  Louis  G.  (M  1019)  Mfra,  A««nt,  15  Kant 
2lst  St.,  and  (for  mail)  4402  Maine  Ave.,  Forest 
Park,  Baltimore,  Md. 

VANDERIIOOF,  A.  L.  (A  1933)  No.  Ohio  Repr. 
(for  mail)  Warren  Webster  &  Co.,  2!i41  Carnegie 
Ave.,  Cleveland,  and  2702  Landon  Rd*,  Shaker 
Heights,  O. 
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VAN  NOUHUYS,  Herbert  C.  (J  1937)  Engr., 
Detroit  Southern  Pipe  Line  Co.,  9332  Buffalo 
Blvd.,  Hamtramck,  and  (for  mail)  2007  Seward 
Ave.,  Detroit,  Mich. 

VAN  WYNGARDEN,  J.  Edwin  (A  1940)  Gen. 
Mgr.  (for  mail)  Day  Heating  Co.,  339  N.  Com- 
mercial St.,  and  945  N.  Church  St.,  Saleni,  Ore. 
VAUGHAN,  John  G.,  Jr.  (J  1935)  Asat.  Engr., 
U.  S.  Housing  Authority,  Region  I,  N.  Interior 
Bldg.,  Washington,  D.  C.,  and  (for  mail)  Frank- 
lin Park,  East  Falls  Church,  Va. 

VAUGHAN,  Lillian  Lee  (M  1938)  Prof,  of  Mech. 
Engrg.  and  Head  of  Dept.  (for  mail)  North 
Carolina  State  College,  State  College  Station,  and 
11  Enterprise  St.,  Raleigh,  N.  C. 

VAUGHN,  Frank  R.  (M  1938;  A  1936)  Vice-Pres. 
(for  mail)  Green  Colonial  Furnace  Co.,  and  532 
Polk  Blvd.,  Des  Moines,  la. 

VEGLERY,  Alexander  (A  1939)  Engr.  in  Shipping 
Dept.  (for  mail)  Socony- Vacuum  Oil  Co.,  Inc., 
P.  O.  Box  660,  and  Dirhem  sokak,  No.  11, 
Yenikoy,  Bogazici,  Istanbul,  Turkey. 

VERNON,  J.  Rerford  (M  1928;  A  1926)  Adver- 
tising Mgr.  (for  mail)  Johnson  Service  Co.,  1355 
Washington  Blvd.,  Chicago,  and  733  Brummel 
St.,  Evanston,  111. 

VERVOORT,  Edward  L.  (J  1937;  5  1936)  Dist. 
Htg.  Supvr,  (for  mail)  Brooklyn  Union  Gas  Co., 
180  Remsen  St.,  Brooklyn,  and  31  Yale  PI., 
Rockville  Centre,  L.  I.,  N.  Y. 

VETLESEN  G.  Unger  (M  1930)  Consulting 
Engr.,  1  Beekman  PL,  New  York,  N.  Y. 

VIDALE,  Richard  (M  1935)  Mech.  Engr.  (for 
mail)  Flesch  &  Schmitt,  Inc.,  118  Brown  St.,  and 
92  Harding  Rd.?  Rochester,  N.  Y. 

VINCENT,  Paul  J.  (M  1931)  Owner  (for  mail) 
Paul  J.  Vincent  Co.,  2208  Maryland  Ave.,  and 
3807  Beech  Ave.,  Baltimore,  Md. 

VINSON,  Neal  L.  (J  1936:  S  1932)  Engr.,  Esti- 
mator and  Partner  (for  mail)  L.  W.  Vinson  &  Son, 
Box  3007,  Lowell,  and  Bisbee,  Ariz. 

VIRRILL,  George  A.  (A  1940)  Chief  Engr.,  The 
University  Club,  1-3  West  54th  St.,  New  York, 
and  (for  mail)  345  Washington  Ave.,  New 
Rochelle,  N.  Y. 

VISSAC,  Gustave  A.  (M  1937)  Consulting  Engr., 
1475  West  25th,  Vancouver,  B.  C.,  Canada. 

VIVARTTAS,  E.  Arnold  (Life  Member]  U  1910) 
Mech.  Engr.,  154  Maine  Ave.,  West  New 
Brighton,  S,  I.,  N.  Y. 

VOISINET,  Walter  E.  (M  1930)  Air  Conditioning 
Specialties  (for  mail)  250  Delaware  Ave.,  Buffalo, 
and  151  Warren  Ave.,  Kenmore,  N.  Y. 

VOLK,  George  H.  (5  1940)  Student,  University 
of  Wisconsin,  Madison,  and  (for  mail)  2965 
South  43rd  St.,  Milwaukee,  Wis. 

VOLK,  Joseph  H.  (M  1923)  Pres.  &  Treas.  (for 
mail)  Thos.  E.  Hoye  Heating  Co.,  1906  W.  St. 
Paul  Ave.,  and  2965  South  43rd  St.,  Milwaukee, 
Wis. 

VOLKHARDT,  Aquila  N.  (M  1938)  Owner  (for 
mail)  A.  N.  Volkhardt,  942  Bay  St.,  Rosebank, 
and  104  Townsend  Ave.,  Stapleton,  S.  L,  N.  Y. 

VOLLMANN,  Carl  W.  (M  1938)  Pres.  &  Gen. 
Mgr.  (for  mail)  Linde  Canadian  Refrigeration 
Co.,  Ltd.,  355  St.  Peter  St.,  Montreal,  and  517 
Roslyn  Ave.,  Westmount,  Que.,  Canada. 

vonCHRISTIERSON,  Carl  A.  (A  1939;  /  1937) 
Resident  Engr.,  Carrier  Engineering  S.  A.,  Ltd.. 
P.  O.  Box  2421,  Durban,  South  Africa. 

vonROSENBERG,  Paul  C.  (J  1939)  Engr.  (for 
mail)  Illinois  Engineering  Co.,  2035  S.  Racine 
Ave.,  and  1221  Hood  Ave.,  Chicago,  111. 

VOORHEES,  G.  A.  (M  1922)  Mgr.  (for  mail) 
Furblo  Co.,  and  P.  0.  Box  63,  Hermansville, 
Mich. 

VOSS,  Walter  W.  (A  1938)  Instruction  Engr.  (for 
mail)  Utilities  Engineering  Institute,  404  N. 
Wells  St.,  and  1347  N.  Dearborn  St.,  Chicago,  111. 

VROOME,  Albert  E.  (M  1932)  (for  mail)  Ebasco 
Services,  Inc.,  2  Rector  St.,  New  York,  and  6218 
Amboy  Rd.,  Prince  Bay,  S.  L,  N.  Y. 


W 

WACHS,  Louis  J.  (A  1936;  J  1930)  Sales  Engr., 
Carrier  Corp.,  405  Lexington  Ave.,  New  York, 
and  (for  mail)  1820  Cortelyou  Rd.,  Brooklyn, 
N.  Y. 

WADSWORTH,  Raymond  H,  (J  1937)  Air  Cond. 
Sales  Engr.  (for  mail)  Clarage  Fan  Co.,  500  Fifth 
Ave.,  New  York,  N.  Y.,  and  112  Summit  St., 
East  Orange,  N.  J. 

WAECHTER,  Herman  P,  (A  1930;  J  1927}  Air 
Cond.  Engr.,  W.  T.  Grant  Co.,  1441  Broadway, 
and  (for  mail)  126  East  Slat  St.,  New  York,  N.  Y. 

WAGGONER,  Jack  H.  (Mt  1937)  Product  Control 
Supvr.,  Owens-Corning  Fiberjjlas  Corp.,  and  (for 
mail)  214  Rugg  Ave,,  Newark,  0. 

WAGNER,  Earle  K.  (M  1938)  Sales  Engr.  (for 
mail)  The  Powers  Regulator  Co.,  2240  N.  Broad 
St.,  Philadelphia,  and  312  Myrtle  Ave.,  Chelten- 
ham, Pa. 

WAGNER,  Edward  A,  (M  1937;  A  1930)  Pres., 
Wagner  Engineering  Corp.,  22  Dunham  St.,  and 
(for  mail)  28  Waverly  St.,  Pittsfield,  Mass. 

WAHRENBROCK,  Orin  K.  (4  1939;  J  1936) 
Lieut.,  U.  S*  N.  R.,  Office  of  Inspector  of  Naval 
Materials,  San  Francisco,  and  (for  mail)  410 
Fairmount  Ave.,  Oakland,  Calif. 

WAID,  Glen  H.  (A  1930)  Diat.  Salea  Mgr.,  Scott 
Valve  Manufacturing  Co.,  3963  McKinley  Ave., 
and  (for  mail)  2928  Northwestern  Ave.,  Detroit, 
Mich. 

WALDEN,  H.  Kenneth  (/  1939)  Secy,  (for  mail) 
Haydn  Myer  Co.,  Inc.,  2224  Corner  Bldg,,  and 
512  Sixth  St.  S.  W.,  Birmingham,  Ala. 

WALDON,  Charles  D.  (A  1932)  Consulting  Engr., 
Spencer  Foundry  Co.,  Penetang,  and  (for  mail) 
32  Ferndale  Ave.,  Toronto,  Ont.,  Canada. 

WALDREP,  James  E.  (J  1930)  Plant  Kngr.  and 
Asst.  Supt.,  Greater  Greenville  Sewer  Com- 
mission, Box  1410,  and  (for  mail)  Mount  Viata 
Ave.,  Rte.  4,  Greenville,  S.  C. 

WALFORD,  L.  G.  A.  (M  1938)  4264  Royal  Ave., 

,    Notre  Dame  De  Grace,  Montreal,  Que.,  Canada. 

WALKER,  Edmund  R.  (M  1934)  Mgr.,  Air  Cond. 
Div,  (for  mail)  Fedders  Manufacturing  Co.,  Inc., 
57  Tonawanda  St.,  Buffalo,  and  305  McKinley 
Ave.,  Kenmore,  N.  Y. 

WALKER,  J.  Herbert*  (U  1910)  (Council  1938-40 
Engr.  Asst.  to  Gen.  Mgr.  (for  mail)  The  Detroit 
Edison  Co.,  2000  Second  Ave.,  Detroit,  and  432 
Arlington  Rd.,  Birmingham,  Mich, 

WALLACE,  George  J.  (M  1923)  Principal  Engr. 
and  Contractor,  96-19~35th  Ave.,  Corona,  and 
(for  mail)  27-30  Ericsson  St.,  East  Blmhurst, 
L.  I.,  N.  Y. 

WALLACE,  Harry  P.,  Jr.  (A  1936)  Mgr.,  Sales 
Promotion,  Crane  Co.,  400  Third  Ave.  N.,  and 
(for  mail)  4909-34th  Ave.  S.,  Minneapolis,  Minn. 

WALLACE.  William  M.,  II  (M  1929)  Resident 
Partner  (for  mail)  Syska  &  Henncsasy,  Cons. 
Engrs,,  111  N.  Corcoran  St.,  and  2603  Highland 
Ave.,  Durham,  N.  C. 

WALLIS,  Walter  M.  (A  1940)  314-9  N.,  and  (for 
mail)  11225-10  S.  W.,  Seattle,  Wash. 

WALSH,  Edward  R.,  Jr.  (M  1936;  A  1935)  Natl. 
Supvr.,  Htg,  &  Air  Cond.,  York  Ice  Machinery 
Corp.,  and  (for  mail)  Wyndham  Hills,  York,  Pa. 

WALSH,  James  A.  (A  1932;  J  1929)  Pres.  (for 
mail)  Air  Conditioning  Co.,  1017  Sampson  St., 
and  513  Branard  St.,  Houston,  Tex. 

WALTERS,  Arthur  L.  (M  1926;  A  1925;  J  1924) 
Chief  Engr.  (for  mail)  Green  Colonial  Furnace 
Co.,  322  S.  W.  Third  St.,  and  900~29th  St., 
Des  Moines,  la. 

WALTERS,  William  T.  (M  1917)  Engr.,  Illinois 
Engineering  Co.,  Cor.  21st  St.  and  Racine  Ave., 
and  (for  mail)  12747  Wallace  St.,  Chicago,  111. 

WALTERTHUM,  John.  J.  (A  1922)  Owner,  John 
J.  Walterthum,  212  East  58th  St.,  New  York, 
N.  Y.,  and  (for  mail)  42-A  Van  Reipcn  Ave., 
Jersey  City,  N.  J. 
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WALTON,  Charles  W.t  Jr.  (M  1034)  M«ch.  Kn«r. 
(for  mail)  Rockefeller  Center,  Inc.,  50  Rocke- 
feller Plaza,  New  York,  N.  V.,  and  120  Monte 
Vista  Aw.,  Riduewood,  N.  J, 

WALK,  Chester  1).  (A  11)39)  Mcch.  &  Elec,  Ensr., 
2H8fi  Gilroy  St.,  LOM  Angola,  and  (for  mail)  701) 
25th  St.,  Santa  Monica,  Calif. 

WALZ,  Gtior^e  R.  (/I  1940;  J  1037)  Sales  Kn«r. 
(for  mail)  Mmnoapolia-nomiywcll  Regulator  Co,, 
1101  Vermont  Ave.  N.  W.,  Washington,  1).  C., 
and  1808  Uumi'B  Lane,  Apt.  200,  ArlinKton,  Va. 

WARD,  Edward  B.  (M  Ifl37)  Pres.  (for  mail) 
Kdward  H.  Ward  &  Co.,  270  Fremont  St.,  and 
235  Ltinfldalt*  Ave,,  San  Francisco,  Calif, 

WARD,  Frank  J.  (M  HW>)  Owner  (for  mail)  Frank 
J,  Ward  Co.,  237  W.  Court  St.,  Cincinnati,  O., 
and  Cold  Spring,  Ky, 

WARD,  Harry  H.  (A  19.17)  1003  N.  Mills  St., 
Orlando,  Fla, 

WARD,  Oscar  O.  (M  1019)  Vice-PrcB,  (for  mail) 
Johnson  Service  Co,,  1355  Washington  Blvd., 
Chicago,  and  1345  Anhland  Ave,,  Wilmette,  111. 

WARDELL,  Arthur  (M  1935)  Asut.  Prof,  of 
Knisrg,  Drawing,  University  of  Toronto,  and  (for 
mall)  124  M  drone  Ave.,  Toronto,  Out.,  Canada. 

WARE,  John  IIM  III  (M  1037)  Viee-Pres.,  CltlzenH 
Gm  «r  Fuel  Co.,  Prei,,  Oxford  Co.,  Vice-Pres,, 
Gas  Oil  Products*,  Inc.  (for  mall)  45  S,  Third  St., 
and  "The  Wood*,"  Oxford,  Pa. 

WARING,  J.  M.  S.  (M  IMS)  Conmiltlng  Engr,, 
277  Park  Avt\,  New  York,  N.  Y. 

WARREN.  Framdi  C.  (M  1934)  Br,  Mgr,  (for 
mail)  Am  erica  n  Blower  Corp.,  200  Division  Avo, 
N,,  and  32i)  Gladstone  Ave.  S,  K.,  Grutid  Rapids, 
Mich, 

WARREN,  Hufth  P.  ($  11)40)  Lab,  Atwt.  (for  mail) 
TttxtiH  KngitwrlnK  Experiment  Station,  and  Box 
712,  College  Station,  Tex. 

WARRKNt  Robert  M.,  Jr.  (/  1938)  Chief  Kngr. 
(for  mail)  Pa  «<a»  Williamson,  Inc.,  228  W.  First 
St.,  and  522  Kanton  PI,  Charlotte,  N.  C. 

WASHINGTON,  Lauronco  W.  (M  1920)  Dim. 
M«r.  (for  nmil)  The  Power«  Regulator  Co,,  702 
American  Hldg.,  and  1027  Northwood  Dr., 
Cincinnati,  O, 

WA83EK,  Mummy  (M  1938)  Iltg,,  Vt«,,  &  Air 
Cond,  Kn«r,»  Vtwfle  Umcar  8  et  If,  Bucharent, 
Roumania, 

WAS80N,  Robert1  A.  (Af  1938)  Kuilcjrn  Dint, 
Mgr.  (for  mull)  Clnmw  Kan  Co,,  MO  Fifth  Ave,, 
New  York,  and  15  Willow  St.,  Brooklyn,  N,  Y. 

WATERMAN,  John  II.  (M  103] )  (for  mail) 
Charlea  T*  Main,  Inc.,  201  Devonshire*  St., 
Boston,  MUNI. 

WATERS,  <juor£«  C.  (M  10»1;  A  1920)  Dint, 
Mgr,  (for  mull)  American  Blower  Cttrp,,  1433 
Oliver  HldK,,  and  1 10  Ixmgue  Vuu  Or.  (HI), 
Plttuburgti,  I*u. 

W  ATKINS,  <;oorAo  B.  (A  IQ30)  DIr,  of  Rc«mrch 
(for  nmil)  Ubfoey»Owf*t§  Ford  (Jltwfl  Co.,  1701  K. 
Broadway,  and  4941  Rolamlalft  Kd.,  Box  217- 
(,!.  R,  R.  8,  Miner  PurkSubdiviilon,  Toledo,  (). 

WATSON,  K4ttin«th  W,  (A  1030)  Mgr.  of  lltg, 
Dept,  Crnne  Co.,  710  Northweit  14th  Ave.,  and 
(for  mall)  1 1012  N.  K.  Pre«eott  St.,  Portland,  Ore. 

WAIT,  R,  M,,  Jr.  (Af  !»»«)  Lt.  Comdr,.  U,  S,  N., 
Officer  in  Cliurge  Air  Coiid,  Section,  Bureau  of 
Ships,  Dwiign  Dlv.  (for  mail)  Navy  Deot.,  Km. 
2121),  Washington,  D.  C.»  und  2328  S,  Nash  St., 
Arlington,  Va, 

WAIT,  Rofexsrt  I).  (J  1937)  Kngr,,  H.  W.  Bcechcr, 
Conn,  Krmr,,  St'curitf<*«  Bldg.,  Frew,,  Klcctrol  Oil 
Burner  Corp.,  314  Stewart  St.,  and  (for  mail) 
3617-"47th  Ave.  N,  K.,  Seattle,  Wunh. 

WATTS,  Albert  K,  (A  11137)  Mgr.,  A.  K.  Watts, 
637  Craig  St.  W.,  und  (for  mail)  2347  Beacons- 
Held  Avf.,  N,  D.  G,,  Montreal,  Qu®,,  Canada, 

WAUDBY,  Walter  (M  1038)  Engr.,  American  Radi- 
ator Co,,  140  Blvd.  Haugimann,  Paris,  and  (for 
mail)  20  Rue  dt  la  Tourelle,  Boulogne 
Franco, 


WAYLAND,  Clarke  E.  (A  1937)  Vice-Pres.  (for 
mail)  Western  Asbestos  Co.,  675  Townssend  St., 
and  42  Allaton  Way,  San  Francisco,  Calif. 

WEATHERBY,  Edward  P.,  Jr.  (7  1030;  5  1035) 
2223  Wllbanmr  St.,  Vcrnon,  Tex. 

WEAVER,  John  van  O.  (M  1940)  Major,  Post 
Exchange  Officer,  Air  Corps,  A.  C.  A.  R  S.,  Kelly 
Field,  Tex. 

WEBB,  Ernest  C.  (Af  1,935)  Engrg.  Service  MRF. 
(for  mail)  Iron  Fireman  Manufacturing  Co.,  3170 
West  106th  St.,  Cleveland,  and  24721  Westlake 
Rd.,  Bay  Village,  O. 

WEBB,  John  W.  (M  1920)  Managing  Din  (for 
mail)  Webb  Dust  Removing  &  Drying  Co., 
Vinery  Works,  Town  Lane,  Denton,  N.  Man- 
chester,  and  "Kbor,"  Brinnington,  Stockport, 
England. 

WEBBER,  Charles  H.  (A  1940)  Sales  Engr.  (for 
mail)  Pacific  Scientific  Co.,  1200  Maple  Ax'c., 
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Engr.,  Alfred  C.  Goethel  Co.,  2337  North  31st 
St.,  Milwaukee,  and  (for  mail)  P.  0.  Box  179, 
Elm  Grove,  Wis. 

WINSLOW,  C.-E.  A.*  (M  1932)  (Council  1940) 
Prof,  of  Public  Health,  Yale  School  of  Medicine 
and  Dir.,  John  B.  Pierce  Laboratory  of  Hygiene 
(for  mail)  310  Cedar  St.,  and  314  Prospect  St., 
New  Haven,  Conn. 

WINTERBOTTOM,  Ralph  F,  (M  1923)  Engr., 
Winterbottom  Supply  Co.,  and  (for  mail)  720 
Moir,  Waterloo,  la. 

WINTERER,  Frank  C.  (M  1920)  Br.  Sales  Mgr. 
(for  mail)  American  Radiator  &  Standard  Sani- 
tary Corp.,  300  Broadway,  and  836  Juno  Ave., 
St.  Paul,  Minn. 

WISSING,  Clement  B.  (A  193C)  Secy.  &  Sales 
Mgr.  (for  mail)  Ebner  Ice  &  Cold  Storage  Co., 
Locust  and  Chestnut  Sts.,  and  702  N.  Sixth  St., 
Vincennes,  Ind. 

WITHERIDGE,  David  E.  (J  1936)  Sales  Engr., 
W.  A.  Witheridge  Co.,  746  S.  Fourth  Ave., 
Saginaw,  Mich. 

WITMER,  Charles  N.  (A  1937;  /  1930)  Carrier 
Corp.,  710  N.  Harwood  St.,  Dallas,  Tex. 

WITMER,  Howard  S.  (A  1037)  Engr.  of  Design 
(for  mail)  City  of  Bay  City,  City  Hall,  and  600 
Elm  St.,  Bay  City,  Mich. 

WITTIG,  Frederick  E.  (/  1939)  Instructor,  Pratt 
Institute,  School  of  Science  &  Technology,  Grand 
Ave.,  Brooklyn,  and  (for  mail)  Box  145,  19  Hill- 
side Ave.,  Glenwood  Landing,  L.  L,  N.  Y. 

WOESE,  Carl  F.  (M  1934)  Consulting  Engr.  (for 
mail)  Robson  &  woese,  Inc.,  1001  Burnet  Ave., 
and  256  Robineau  Rd.,  Syracuse,  N.  Y. 

WOLF,  Philip  (M  1935)  Prop.,  City  Contracting 
Co.,  136  East  57th  St.,  New  York,  N.  Y. 

WOLFF,  Peter  P.  (M  1935)  Engr.,  Bell  &  Gossett 
Co.,  3000  Wallace  St.,  and  (for  mail)  7509 
Ridgeland  Ave.,  Chicago,  111. 
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WOLIN,  Milton  W.  (J  1938;  5  1937)  Engr., 
Typhoon  Air  Conditioning  Co.,  Inc.,  252  West 
26th  St.,  New  York,  N.  Y,,  and  (for  mail)  R.F.D. 
No.  2,  Box  73-D,  New  Brunswick,  N.  J. 

WOLL,  Willard  M.  (M  1938)  Engr.  (for  mail) 
Commonwealth  Edison  Co.,  Rrn.  1000,  72  W. 
Adams  St.,  and  9320  S.  Throop  St.,  Chicago,  III. 

WOLLENBERGER,  Louis  (M  1938)  Dist.  Mgr. 
(for  mail)  Coast  Counties  Gas  &  Electric  Co., 
135  S.  Sixth  St.,  and  625  Sandal  wood  Ave., 
El  Centre,  Calif, 

WONG,  Wilfred  S.  B.  (M  1938)  (for  mail)  Ameri- 
can Engineering  Corp.,  989  Bubbling  Well  Rd., 
and  669  Hart  Rd.,  Shanghai,  China. 

WONSON,  Arthur  S.,  Jr.  (J  1941;  5  1938)  Gauge 
Production  Foreman,  John  D'Arcy,  Inc.,  184 
Parkway,  Chelsea,  and  (for  mail)  Walnut  Park 
Ave.,  Essex,  Mass. 

WOOD,  Alfred  W.  (A  1941;  J  1938)  Sales  Engr., 
Clare  Bros.  &  Co.,  Ltd.,  and  (for  mail)  451  Mar- 
garet St.,  Preston,  Ont.,  Canada. 

WOOD,  Charles  F.  (M  1937)  Air  Cond.  Mgr., 
Prod.  Development  &  Application  Dept.,  Frigi- 
daire  Div.,  General  Motors  Sales  Corp.,  300 
Taylor  St.,  and  (for  mail)  359  Aberdeen  Ave., 
Dayton,  O. 

WOODBURY,  Clyde  D.  (M  1938)  Mech.  Engr., 
Leland  &  Haley,  Cons.  Engrs.,  58  Sutter  St.,  and 
(for  mail)  1321-37th  Ave.,  San  Francisco,  Calif. 

WOODGER,  Herbert  William  (M  1939)  Htg.  & 
Vtg.  Engr.  (for  mail)  General  Electric  Co.,  101 
Woodlawn  Ave.,  Pittsficld,  and  East  St.,  Lenox, 
Mass. 

WOODHOUSE,  Graham  D.  (A  1938)  General 
Supt.,  Dowagiac  Steel  Furnace  Co.,  and  304 
West  St.,  Dowagiac,  Mich. 

WOODMAN,  Lawrence  E.  (M  1934)  Prea.  (for 
mail)  Woodman  Engineering  Corp.,  203  E. 
Capitol  Ave.,  and  925  Adams,  Jefferson  City,  Mo. 

WOODS,  Baldwin  M.  (M  1937)  Prof.  Mech. 
Engrg.  (for  mail)  University  of  California,  and 
249  The  Uplands,  Berkeley,  Calif. 

WOODS,  Charles  F.  (A  1940)  Sales  Repr.,  Texas 
Southwestern  Gas  Co.,  and  (for  mail)  P.  O.  Box 
33,  Bellville,  Tex. 

WOODS,  Edward  H.  (M  1934)  Engr.  (for  mail) 
Higgins  &  Zabriskie,  134-136  S.  Aurora  St.,  and 
Hook  PI.,  Ithaca,  N.  Y. 

WOODWARD,  Rpthwell  (M  1938)  Air  Cond. 
Sales  Engr.,  Frigidaire  Div.,  General  Motors 
Sales  Corp.,  300  Taylor  St.,  and  (for  mail)  1527 
Benson  Dr.,  Dayton,  O. 

WOOLCOCK,  Edwin  (A  1938)  Mgr.  (for  mail) 
Woolcock  Plumbing  &  Heating  Co.,  2217-15th 
St.,  and  410  Jefferson  Apts.,  Niagara  Falls,  N.  Y. 

WOOLLARD,  Mason  S.  (M  1934)  Htg.  Engr., 
H.  H.  Angus,  Cons.  Engr.,  1221  Bay  St.,  and  (for 
mail)  31  Hillcrest  Park  Ave.,  Toronto,  5,  Ont., 
Canada. 

WOOLSTON,  Alfred  H.  (Af  1919)  Chief  Engr.  (for 
mail)  Woolston-Woods  Co.,  2132  Cherry  St.,  and 
4815  North  12th  St.,  Philadelphia,  Pa. 

WOOTEN,  M.  Frank,  Jr.  (M  1941;  A  1940) 
Consulting  Engr.  (for  mail)  104  Latta  Arcade, 
and  916  East  Blvd.,  Charlotte,  N.  C. 

WORMLEY,  Robert  F.  (A  1938)  Br.  Mgr.  (for 
mail)  Grmnell  Co.  of  Canada,  Ltd.,  700  Beau- 
mont Ave.,  and  6092  Terrebonne  Ave.,  Montreal, 
Que.,  Canada, 

WORSHAM,  Herman  (M  1925;  J  1918)  (for  mail) 
National  Business  Dept.t  Frigidaire  Div.  General 
Motors  Sales  Corp.,  300  Taylor  St.,  and  524 
Daytona  Pkwy.,  Dayton,  0. 

WORTHING,  Stanley  L.  (M  1936)  Spring  Lake, 

Mich. 

WORTHINGTON,  Thomas  H.  (M  1937)  Mgr., 
Eastern  Htg.  Sales,  Standard  Sanitary  &  Domin- 
ion Radiator,  Ltd.,  and  (for  mail)  405  Beaubien 
St.  W.,  Montreal,  Que.,  Canada. 


WORTON,  William  (M  1937)  Br.  Mgr,  (for  mail) 

C.  A.  Dunham  Co.,  Ltd.,  504  Scott  Bldg.,  and 

292  Lansdowne  Ave.,  Winnipeg,  Man.,  Canada. 
WRIGHT,  Clarence  E.  (A  1940;  J  1935;  S  1933) 

Mgr.,  Htg.  &  Vtg.  Dept.,  Fairmont  Wall  Plaster 

Co.,  Tenth  St.,  and  (for  mail)  908  Gaston  Ave., 

Fairmont,  W.  Va. 
WRIGHT,  Daniel  K.,   Jr.*   (J   1938)    Research 

Engr.,  Plymouth  Cordage  Co.,  North  Plymouth, 

and  (for  mail)  Obery  St.,  Plymouth,  Mass. 
WRIGHT,  Harris  H.  (M  1917)  Prop,  (for  mail) 

H.  H.  Wright  Co.,  1322  Walnut  St.,  and  808 

Greenway  Ter.,  Kansas  City,  Mo. 
WRIGHT,  John  B.  (M  1940)  Sales  Engr,   (for 

mail)   Nash  Engineering  Co.,  and   12  Fair  field 

Ave.,  South  Norwalk,  Conn. 
WRIGHT,  Kenneth  A.  (M  1921)  Br.  Mgr.  (for 

mail)    Johnson    Service    Co.,    1113    Race    St., 

Cincinnati,  0.,  and  113  Orchard  Rd.,  Ft.  Mitchell, 

Ky. 
WRIGHTSON,  Wilbor  T.  (M  1937)  Eastern  Mgr. 

(for  mail)  Garden  City  Fan  Co.,  55  West  42nd 

St.,  New  York,  and  22  Sagamore  Rd..  Bronx- 

ville,  N.  Y. 
WUNDERLICH,    Milton    S.*    (M    1925)    Asst. 

Resident  Mgr.,  Minnesota  &  Ontario  Paper  Co., 

International   Falls,   and    (for  mail)   545   Mt. 

Curve  Blvd.,  St.  Paul,  Minn, 
WYATT,  DeWltt  H-  (M  1930)  Consulting  Engr., 

Cooling  &  Htg.  (for  mail)  Cooling  &  Heating 

Supply  Co.,  364  N.  High  St.,  and  226  N.  Ridge 

Rd.,  Columbus,  0. 
WYLD,  Reginald  G.  (M  1937)  Vicd-Pres.  (for 

mail)  Chrysler  Corp.,  Airtemp  Div.,  1119  Leo  St., 

Dayton,  0. 
WYLIE,  Howard  M.  (M  1925;  J  1917)  Vlce-Prea., 

in  charge  of  Sales,  The  Nash  Engineering  Co., 

and  (for  mail)  51  Elmwood  Ave,,  South  Norwalk, 

Conn. 


YAGER,  John  J.  (M  1921)  Pros.,  Goergen- 
Mackwirth  Co.,  Inc.,  817  Sycamore  St.,  and  (for 
mail)  425  Woodbridge  Ave.,  Buffalo,  N.  Y. 

YAGLOU,  Constantin  P.*  (M  1923)  Aaaoc,  Prof., 
Industrial  Hygiene  (for  mail)  Harvard  School  of 
Public  Health,  55  Shattuck  St.,  Boston,  and  10 
Vernon  Rd.,  Belrnont,  Mass, 

YATES,  James  E.  (M  1934)  Mgr,  (for  mail)  Yates, 
Neale  &  Co.,  231  Tenth  St.,  and  431-16th  St., 
Brandon,  Man.,  Canada. 

YATES,  Joseph  E.  (M  1039)  Asst.  Engr.  (for 
mail)  Pacific  Power  &  Light  Co.,  405  Public 
Service  Bldg.,  and  1820  Northeast  57th  Ave., 
Portland,  Ore. 

YATES,  Robert  A.  (J  1939)  Steamfitter  (for  mail) 
Yates  Neale  &  Co.,  231  Tenth  St.,  and  43l~16th 
St.,  Brandon,  Man.,  Canada. 

YATES,  Walter  (Lift  Member]  M  1002)  Govern- 
ing Dir.  (for  mail)  Matthews  &  Yatea,  Ltd., 
Cyclone  Works,  Swinton,  and  4  Egerton  Park, 
Woraley,  Manchester,  England. 

YOUNG,  Emil  O»  (A  1935)  Owner  (for  mail) 
Young  Regulator  Co.,  4500  Euclid  Ave.,  and  2040 
East  83rd  St.,  Cleveland,  O. 

YOUNG,  Forest  H.,  Jr.  (A  1936)  Mgr.  &  Secy.- 
Treas.,  Young  Heat  Engineering  Co.,  Inc., 
Montana  Ave.  and  St.  Johns  St.,  Box  1583, 
Billings,  Mont. 

YOUNG,  Harold  J.  (M  1937)  Sales  Engr.,  Young 
Radiator  Co.,  Occidental  Hotel  Bldg.,  and  (for 
mail)  1364  Lakeshore  Dr.,  Muskegon,  Mich. 

YOUNG,  J.  T.,  Jr.  (A  1936)  Mgr.  (for  mail)  Crane 
Co.,  Box  907,  and  508  Ogden  Canyon,  Ogden, 
Utah. 

YOUNG,  Robert  W.  (A  1941)  Dist.  Sales  Repr., 
Mueller  Brass  Co.,  and  (for  mail)  700  West  47th 
St.,  Kansas  City,  Mo. 
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SUMMARY  OF  MEMBERSHIP 


Honorary  Member... 1 

Presidential  Members 20 

Life  Members 56 

Members 1644 


Associate  Members 

Junior  Members — 

Student  Members 

Total.... 


895 

357 

59 

."5032 


UNITED  STATES  AND  POSSESSIONS 


Alabama 11 

Arizona 4 

Arkansas 3 

California 103 

Colorado 11 

Connecticut 40 

Delaware 12 

District  of  Columbia., 88 

Florida 15 

Georgia ....    32 

Illinois 259 

Indiana 37 

Iowa 36 

Kansas..... 14 

Kentucky 12 

Louisiana 40 

Maine 4 

Maryland 45 

Massachu  setts. 96 

Michigan.- 178 

Minnesota 114 

Mississippi 2 

Missouri 123 

Montana 4 

Nebraska 20 

Nevada 2 

New  Jersey ~...."..""I1"  108 

New  Mexico 1 

New  York "...]  417 

North  Carolina 37 

Ohio 181 

Oklahoma 19 

Oregon !...""!""    48 

Pennsylvania 271 

Rhode  Island 8 

South  Carolina 10 

South  Dakota 2 


Tennessee.... 

Texas 

Utah ™" 

Vermont 

Virginia "'„ 

Washington 


14 

89 

2 

2 
35 
34 


West  Virginia „  1 1 

Wisconsin 89 

Alaska , 1 

Panama 1 

Philippine  Islands 3 

2688 

DOMINION  OF  CANADA 215 

FOREIGN  COUNTRIES 

Australia 1 1 

Belgium i 

Brazil , 2 

Chile ""  i 

China "mm""m IQ 

Cuba l.."."I.l".Z""I..I"l  1 

Denmark ,. ...  2 

Egypt 1"  3 

England 36 

France " 7 

French  North  Africa I.ZZ  1 

Germany 3 

India,. "..."  6 

Ireland " 2 

Italy „...!"..  7 

Japan ""..'".'.  4 

Manchoukuo Z..ZZ!ZZ  1 

Mexico L..ZZ  3 

Netherlands ZZI'Z"  2 

New  Zealand ",_Z  3 

Norway ""  2 

Roumania ]  .1 i 

South  Africa 5 

Spain i 

Straits  Settlements .....1 2 

Sweden. ™™ 8 

Turkey 2 

Venezuela !!!™™!™]™™"!"  2 


TOTAL  MEMBERSHIP.. 


129 
..3032 
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LIST  OF  MEMBERS 

(Geographically  Arranged) 

UNITED  STATES  and  POSESSIONS 


ALABAMA 


Birmingham — 

Cone,  W«  E. 
Drum,  L.  J.,  Jr. 
Gause,  H.  G. 
Hardy,  F.  X-. 
Lichty,  C  P. 
Mabky,  L,  C. 
Myer,  H. 
Richards,  G,  H. 
Waiden,  H.  K, 


Montgomery*-— 

Dowdy,  R.  B. 

Tuscalooea-- 

Murphrce,  R.  L. 

ARIZONA 


Lowell— 

Vinson,  N,  L. 


Phoenix— 

Genre,  E 

Hurnrnd, 


Genre,  E,  J, 

'„  G.  W. 


Tucson — 

Tidmarah,  P.  M. 

ARKANSAS 


Little  Rock— 

Cumnock,  H. 
Kellogg,  W.  T. 
McCoy,  C.  E. 

CALIFORNIA 


Albany — 

Kaup,  E.  O. 

Bakersfield — 

Baker,  H,  S, 


Berkeley  — 

Ness,  W.  H.  C. 

Kolb,  F.  W. 

Bentky,  C.  E. 
Brokaw,  G.  K. 
Peterson,  C.  L. 

Ott,  O,  W. 
Park,  J.  F. 
Phillips,  R.  E, 

Kooistra,  J.  F. 
Krueger,  J.  I. 
Haley,  H.  S. 

Raber,  B.  F. 

Phillips,  R.  H. 

Hickman,  H.  V. 

Woods,  B.  M, 

Scofield,  P.  C. 
Stanley,  R.  L. 

Hill,  E.,  Jr. 
Holland,  R.  B. 

Stewart,  W.  O. 

Hook,  F.  W. 

Beverly  Hills- 
Theobald,  A. 

Storms,  R.  M. 
Webber,  C.  H. 

Leland,  W.  E. 
Marshall,  T.  A. 
Martin,  J.  O. 

Molfino,  P. 

Burlin&anie— 

Gee,  W.  W. 
Hill,  J,  A. 

Oakland— 

Cumrninge,  G.  J. 
Emanuels,  M. 
Harrison,  G.  G. 

Parker,  R.  A. 
Peterson,  N.  H. 
Plosky,  E.  J. 
Reed,  V.  C. 

El  Centro—- 

Trolese,  L.  G. 
Wahrenbrock,  O.  K. 
Williams,  C.  D. 

Rosen,  E.  J. 
Scott,  W,  P.,  Jr. 
Simons,  E.  W. 

Wollenberger,  L. 

Slmonson,  G.  M. 

Ward,  E.  B. 

Fresno—- 
Newman, H.  E. 

Pacific  Palisades  — 

Finney,  B. 

Wayland,  C.  E. 
Wethered,  W. 
White,  T.  J. 
Woodbury,  C.  D. 

Palo  Alto  — 

Fullerton  — 

Hall,  R.  A. 

San  Gabriel  — 

Miles,  C.  N. 

Johnson,  O.  W, 

Griffith,  J.  B. 

Glendale— 

Pasadena  — 

San  .lose  — 

Egglcaton,  H.  L. 

Wells,  E.  P. 

Gifford,  R.  L. 

Knudsen,  W.  R. 

PiedUnont—"- 

Santa  Monica  — 

Hollywood— 

BilHngsley,  0.  F.,  II 

Gayner,  J. 

Coghlan.'S.  F. 
Walz,  C,  D. 

Redwood  City- 

Sausalito  — 

Los  Angeles  — 

Hudson,  R.  A. 

Howe,  W.  W. 

Anderson,  C,  S. 

Blumenthai,  M.  I. 

Bullock,  H.  H. 

Riverside- 

COLORADO 

Dabbs,  J,  T. 
Douglas,  H.  H, 

Owen,  J.  D, 

Downes,  A.  H. 

Ellingwood,  E.  L. 

Sacramento  — 

Colorado  Springs  — 

English,  H. 
Fabling,  W.  D, 
Hasslehurst,  H.  D. 
Hendrickson,  H.  M, 

Porter,  N,  E. 
Towle,  P.  H, 

Jardine,  D.  C. 
Denver  — 

Hess,  A.  J. 
Hill,  F.  M, 

San  Diego  — 

Adams,  F.  L. 
Conrad,  R. 

Hogue,  W.  M. 

Sadler,  C.  B. 

Davis,  A.  F. 

Hungerford,  L. 

Goll,  W.  A. 

Kennedy,  M. 
Kilpatrick,  W.  S. 
Lauer,  H.  B. 
Lowe,  R.  A. 

San  Francisco  — 

Bouey,  A.  J. 
Cochran,  L.  H. 

Keithley,  F.  R. 
McNevin,  J.  E. 
McQuaid,  D.  J. 
O'Rear,  L.  R. 

McKenzie,  M.  C.,  Jr. 

Cockins,  W.  W. 

Skelley,  J.  H. 

Medow,  J. 

Cooley,  E.  C. 

Miller,  G. 
Moriarty,  J.  M. 
Nelson,  E.  L. 

Corrao,  J. 
Gushing,  R.  C. 
Folaom,  R.  A. 

La  Junta  — 

Curtice,  J.  M. 
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CONNECTICUT 

Waterbury— 

Hoppe,  M.  F. 

Tampa— 

Simpson,  W.  K. 
Stein,  J. 

Hoover,  W.  L. 
Humphrey,  L,  G.,  Jr. 

Patterson,  G.  P. 
Thomas,  B.  A. 

Bridgeport  — 

Stewart,  C.  W. 

Inman,  C.  M. 

Iverson,  H.  R, 

Earle,  F.  E. 
Ostdahl,  H.  E. 
Smak,  J.  R. 

West  Hartford  — 

Hoyt  L.  W 

Karsunky,  W.  K. 
Kiczales,  M,  D. 
King,  R.  W. 

GEORGIA 

Kingswell,  W.  E. 

Cos  Cob  — 

Koster,  H.  H. 

ITlKTAl      TJ      T/- 

Atlanta— 

Roy,  A.  C. 

Woodmont  — 

j\.ugei,  jn.  JLS.I 
Latterner,  H.,  Jr, 

Baird,  F.  E, 

Williams,  G.  S. 

Leser,  F.  A. 

Baker,  C.  T. 

Ley,  R.  B. 

Barnes,  L.  L. 

Danbury  — 

Littleford,  W.  H. 

Boyd,  S.  W. 

Moore,  M. 

DELAWARE 

Lloyd,  E.  H. 

Brockinton,  C.  E, 

Orgelman,  G.  H. 

Lockhart,  W,  R. 

T   niifthfnn       "D      TJ"         TT- 

Brodnax,  G.  II.,  Jr. 

f1ot'/»     17     \KT 

ivougnran,  Jr.  Jti.,  jr. 
Loving,  W.  H. 

v^iaie,  v,  w. 
Cole,  C.  B. 

Fairfield— 

Osborn,  W.  J. 

Claymont  — 

Hinnant,  C,  H.,  Jr. 

Malin,  B.  S. 
McCusker,  J.  P. 
McEntee,  F.  M. 

Conao,  J,  A. 
Croat,  M.  M. 
DuChateau,  M.  F. 

Mergardt,  A.  P. 

FOBS,  E.  R. 

'Greenwich  — 

Jones,  A.  L, 

Milford— 

Downing,  C.  B. 

Miller,  G.  F. 
Mitchell,  A.  E. 
Nelson,  H.  M. 

Ilahn,  R.  F. 
Johnson,  C.  E. 
Kent,  L.  F. 

Nolan,  J.  J.,  Jr. 

Klein,  K.  W, 

Hartford  — 

Wilmington- 
Burke,  J.  J. 

Norair,  H. 
Nordine,  L.  F. 
Ourusoflf,  L. 

Koch,  A.  H. 
Laseter,  F.  L, 
Lawrence,  L.  F..  Tr, 

Peterson,  H.  P. 

Gawthrop,  F.  H. 

Peacock,  H. 

McCain,  H.  K. 

Granke,  A.  A. 

Phillips,  W.  L. 

McKinney,  W.  J, 

Hayman,  A.  E.,  Jr. 

Robinson,  D.  M. 

Sterner,  D.  S. 

New  Britain  — 

Kershaw,  M.  G. 

Roper,  R.  F. 

Stotz,  R.  B. 

Hart,  S. 
Hart,  T.  S. 

Lownsbery,  B.  F. 
Parvis,  R.  S. 
Robinson,  G.  L, 

Sale,  F.  B. 
Stewart,  J.  N. 
Stock,  C.  S. 

Sudclerth,  L.,  Jr. 
Templin,  C.  L. 
Tucker,  T.  T. 

Schoenijahn,  R,  P. 

Stokes,  A. 

Steel,  R,  J. 

Stokes,  A.  D. 

New  Haven  — 

Sutter,  E.  E. 

Augusta— 

Converse,  T.  J. 
Rodee,  E.  J. 
Seeley,  L.  E. 

DISTRKHTOF 
COLUMBIA 

Thomas,  G. 
Thompson,  N.  S. 
Thuney,  F.  M. 

Akerman,  J.  R. 
Arndt,  H,  W. 

Teasdale,  L.  A. 

Tuxhom,  D.  B. 

Winslow,  C.-E.  A. 

Urdahl,  T.  H. 
Walz,  G.  R 

Brunswick— 

Washington— 

Watt,  R.  M.,  Jr. 

Gilmore,  J.  L. 

New  London  — 

Chapin,  C.  G, 

Addington,  H.  M. 
Ay,  E.  L. 
Baker,  T. 

Werner,  J.  G. 
Wilcox,  C.  M. 

College  Park— 

Forsberg,  W. 
Hopson,  W,  T. 

Bennett,  C.  A. 
Bensinger,  M. 

FLORIDA 

Blackahaw,  J.  L. 

Bornstein,  W. 

Brown,  L.  S.,  Jr. 



Savannah— 

Riverside- 
Murphy,  J.  R. 

Brunner,  E.  G. 
Burkhart,  E.  M. 
Campbell,  G.  W. 

Daytona  Beach  — 

Odum,  R.  A. 

Croley,  J.  G, 
Hamlin,  J.  B.,  Jr. 

Crawford,  A.  C. 

South  Norwalk— 

Adams,  H.  E. 
£  innings,  I.  C. 

Cullen,  A.  G. 
Day,  I.  M. 
Devore,  A.  B. 
DeWitt,  E.  S, 

Fort  Lauderdalc  — 

Barth,  J,  W. 

ILLINOIS 

yons,  C.  J. 
Mead,  E.  A. 
Wright,  J.  B. 
Wylie,  H.  M. 

Douglas,  D.  C. 
Downes,  H.  H. 
Eagleton,  S.  P. 
Erisman,  P.  H.,  Jr, 
Espenschied,  F.  F. 
Febrey,  E.  J. 

Jacksonville  — 

Allen,  W.  W. 
Beckwith,  F.  J. 
Blackman,  A.  O. 

Bloomington— 

MaGirl,  W.  J. 
Nesmith,  0.  E. 
Soper,  H.  A. 
W&tmer,  R.  P. 

Stamford  — 

Feltwell,  R.  H. 

Cameron,  R.  T. 

Fife,  G.  D. 

Campbell,  R.  E. 

Bowles,  P. 
Jehle,  F. 
Jessup,  B.  H. 
Sanbern,  E.  N. 
Scott,  A.  F.  H. 
Zuhlke,  W.  R. 

Fisher,  J.  T. 
Fluckey,  K.  N, 

Franicel",  G".  S. 
Frederick,  W.  L. 
Geiger,  R.  L. 
Goldmann,  P. 

Edge,  A.  J. 
Pastor,  J.  C, 

Miami- 
Rock,  G.  A. 

Chicago- 
Adams,  B.  P. 
Aeberly,  J.  J. 
Ammerman,A.  S.,  Jr. 
Anoff,  S.  M. 
Arenberg,  M.  K. 
Aronson,  H.  H. 

Torrington  — 

Doster,  A. 
Upson,  W.  L. 

Wallingford— 

Burns,  J.  R. 

Graves,  V. 
Gregg,  S.  L. 
Gritzan,  L.  L. 
Hall,  M.  S. 
Hanlein,  J.  H. 
Heagerty,  W,  H. 
Hill.W.W. 
Holmes,  P.  B. 
Holt,  W.  H. 

Miami  Beach- 
Friedman,  D.  H,,  Jr. 

Orlando  — 

Porter,  C.  W. 
Ward,  H.  H. 

Banach,  C.  J. 
Barnes,  N.  W. 
Bates,  J.  H. 
Baumgardner,  C.  M. 
Becker,  W.  A. 
Beery,  C»  E. 
Bevington,  C.  H. 
Bishop,  M.  W. 
Black,  F.  C. 
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Blukcr,  A.  II. 
Blayney,  W.  JR.. 
Borling,  J.  R, 
Bowles,  K,  N. 
Boyle,  J.  R. 
Bracken,  J,  H. 

Malvin,  R.  C. 
Manny,  J.  H. 
Martin,  A.  B. 
Matchett,  J.  C. 
Mathis,  E. 
Mathis,  H. 

Wills,  F.  W. 
Wilson,  W.  H. 
Wolff,  P.  P. 
Woll,  W.  M. 
Zack,  H.  J. 
Zimmerman,  A.  H. 

Park  Ridge— 

Heckel,  E.  P. 
Locke,  J.  S. 
Moore,  R.  E. 
Sutcliffe,  A.  G. 

Braun,  L.  T. 

Mathis,  J.  W. 

Brigham,  C,  M, 
Brocha,  J.  P. 

Mattingly,  M.  F, 
May,  A.  O. 

DCS  Plalnes  — 

Peoria— 

Brooke,  1,  E. 
Broom,  B.  A, 
Brown,  A.  P. 

McCarthy,  T.  F. 
McCauley,  J,  H. 
McClellan,  J,  E. 

Lockhart,  H.  A. 

Hauer,  F. 
Meyer,  F.  L. 

Buckley,  M,  L. 
Barman,  C.  M.,  Jr. 
Casey,  B.  L. 
Chapin,  II.  G. 

McDonnell,  E.  N. 
McDonnell,  J.  E. 
McRae,  M.  W. 
Merena,  S.  H. 

East  St.  Louis  — 

Cover,  E.  B. 
Lang,  J.  C. 

River  Forest  — 

Bichowsky,  F.  R. 

Chase,  L.  R. 

Mertz,  W.  A. 

Chriatman,  W.  F. 
Chrlatophersen,  A.  E, 
Clo,  H,  E. 

Miller,  F,  A. 
Miller,  J.  E. 
Miller,  R.  T. 

Edwardsville— 

Blackmore,  J.  J. 

Rochelle— 

Caron,  H. 

Close,  P,  D. 

Milliken,  J.  H. 

Mehmken,  H.  0. 

Connors,  E.  C. 

Cook,  H.  D. 
Crone,  C,  K, 
Crump,  A,  L. 
Cunningham,  T,  M, 

Mueller,  H.  C. 
Muessig,  J.  W. 
Mullen,  T.  J,,  Jr. 
Narowetz,  L.  L.,  Jr. 
Neiler,  S.  G. 

Evans  ton  — 

Kearney,  J.  S. 
Maccubbin,  H.  A. 

Rockford  — 

Berzelius,  C.  E. 
Braatz,  C.  J. 
Dewey,  R.  P. 

Daalng,  K. 

Nelaon,  R.  0. 

Stewart,  D.  J. 

Dauber,  O.  W. 
DeLand,  C,  W, 
Kllie,  G.  W. 

Newport,  C.  F. 
Nightingale,  G.  F. 
Off  en,  B, 

Glencoe  — 

Dunham,  C.  A. 

Rock  Island  — 

Kmmert,  L.  D. 

Olsen,  C.  F. 

Harming,  J.  C. 

Kimble,  C.  W. 

Ericsson,  E.  B. 

Olson,  B. 

Fate,  J.  L. 
Fenner,  N,  P. 
Fleak,  W.  D. 
Klorcth,  J.  J, 
Forbes,  H,  B,,  Jr. 

Oosten,  L.  S. 
Peck,  H.  E, 
Peller,  L. 
Philippi,  J.  J. 
Piatnitza,  J.,  Jr, 

Glen  Ellyn  — 

Parsons,  L.  D.,  Jr. 
Sherman,  V.  L. 

Springfield- 
Sharp,  J.  E. 

Frank,  J.  M. 

Pitcher,  L.  J. 

Hinsdale  

Urbana— 

Funck,  E.  II. 
Funk,  D.  S. 
Gardner,  W. 
Gaylord,  F.  H, 
Gctschow,  R.  M. 
Goelg,  A,  II, 

Pope,  S.  A. 
Porter,  K,  C. 
Powers,  F.  W. 
Prebensen,  H.  J. 
Prentice,  O.  J. 
Price,  C.  E. 

Gregerson,  G. 

Homewood  — 

Wilkinson,  F,  J. 

Broderick,  E.  L. 
Engdahl,  R.  B. 
Fahnestock,  M.  K. 
Hershey,  A.  E. 
Konzo,  S. 
Kratz  A  P 

Goaaett,  E,  J. 
Gothard,  W.  W. 
Gotachall,  H.  C. 

Grabman.  H.  K, 
Graves,  W.  B. 
Griffin,  C.  J. 
Gritechke,  E.  R, 

Raymond,  F.  I, 
Reger,  H.  P. 
Rieta,  E.  W. 
Rottmayer,  S.  I. 
Ruggles,  R.  F. 
Russell,  E.  A. 
Ryeraon,  H.  E, 

Kewanee  — 

Bronson,  C.  E. 
Charlet,  L.  W. 
Dickson,  R.  B. 
Hartman,  J.  M. 

Markland,  C.  E. 
Sachs,  S. 
Severns,  W.  H. 
willard,  A.  C. 

Villa  Park— 

Guatafaon,  C.  A. 

Haas,  S.  L. 
Haines,  J.  J. 
Hale,  J.  F. 
Hanky,  T.  P.,  Jr. 

Scheidecker,  D.  B. 
Schroeder,  W.  R. 
Schuetz,  C.  C. 
Schuler,  W.  B. 
Seellg,  L. 

Kenllworth  — 

Storch,  C.  A. 

Armspach,  O.  W. 
Waukegan  — 

Hart.  H.  M. 
Hattls,  R.  E, 
Hayes,  J.  J. 
Hendrlckaon,  R.  L. 
Herlihy,  J.  J. 
Hill,  li  V. 
Hlnea,  J.  C. 
Howard,  F,  L, 
Ho  watt,  J. 

Shultz,  E. 
Slpp,  E.  F. 
Solatad,  L.  L, 
Sommerfield,  S.  S. 
Spielmann,  G.  P. 
Stermer,  C.  J. 
Stevenson,  M,  J. 
Sunderland,  R.  P. 
Sutch,  H.  C. 

LaJGrange  Park  — 

Estep,  L.  G. 

Moliiie  — 

Beling,  E.  H. 
Nelson,  H,  W. 
Nelson,  R.  H. 

Gary,  E.  B. 

Western  Springs- 
Morgan,  R.  W. 

Wilmette— 

DeBerard  P.  E, 

Howell,  L. 

Swanaon,  N.  W. 

Marschall  P.  J. 

Hubbard,  G,  W. 
HuatocI,  A.  M, 
Iflett,  W.  M. 

Thinn,  C.  A. 
Thomas,  R.  H. 
Thornton,  W.  B. 

Mount  Prospect  — 

Stacy,  L.  D. 

Winnetka—  - 

Johns,  H.  B. 
Johnson,  C.  W. 
Keating,  A.  J. 

Keeney,  F.  P. 

Tobin,  J.  F, 
Tornquist,  E.  L. 
Tracy,  W.  E. 
Trumbo,  S.  M. 

Mt.  Vernon  — 

Benoist,  L.  L. 

Killian,  V.  J. 
Mittendorff,  E.  M. 

Kehm,  H.  S. 

Turner,  G.  G. 

Benoist,  R.  E. 

King,  A.  C. 

Van  Alsburg,  J.  H. 

INDIANA 

Kress,  L. 
Kuechenberg,  W,  A. 

Vernon,  J.  R. 
vonRosenberg,  P.  C. 

North  Chicago  — 

Kurnmer,  C.  J. 
Lagodzinski,  H.  J. 
LaRoi,  G.  H. 
Lauterbach,  H,,  Jr. 

Voas,  W.  W. 
Walters,  W.  T. 
Ward,  0.  G. 
Weil,  M. 

Stahl,  W.  A. 
Oak  Park  — 

East  Chicago  — 

Boyar,  S.  L. 

Lenone,  J.  M. 
Leutheaacr,  F.  W,,  Jr. 

Weil,  Mi.  I. 
Weinshank,  T. 

Ash,  R.  S. 
Fitzgerald,  M.  J. 

Evansville  — 

Lewis,  S*  R. 

Wendt,  E.  H.    i 

May,  E.  M. 

Becker,  R.  K. 

Maier,  H.  F. 

White,  E.  B. 

Pullum,  C.  E. 

Grossman,  F.  A. 

Malono,  D,  G. 

Whittington,  J.  A. 

Uhlhorn,  W.  J. 

Koenig,  A.  C. 
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Fairland— 

IOWA 

Lawrence  — 

Kelly,  H.  J. 

Garber,  W.  E.,  Jr. 

Machin,  D,  W. 

Kerr,  G.  C. 

•fur  n  „    o    "if 

Fort  Wayne  — 

Ackley  — 

Robb,  J.  E, 
Sluss,  A.  H, 

ivjLiiy,  \j.  c*. 

Moaea,  W.  B.,  Jr. 
Nelson,  L.  K. 

Abramson,  R.  J. 

Nelson,  G.  0. 

Leavenworth— 

Ocsterle,  A,  L, 
Cater,  W.  P. 

Gary  — 

Kirtland,  E.  M. 

Amana  — 

Foerstner,  G.  C. 
Zuber,  O.  C. 

Folcy,  D.  F. 
SaUna— 

Parkeraon,  W. 
Purinton,  I.  H, 
Suher,  A.  R.,  jr. 
Shcpperd,  P.  D. 
Stone,  K.  M. 

Bachofer,  H.  A.,  Jr. 

Story,  J.  W. 

Goshen  — 

Shaw,  B.  E. 

Ames  — 

Ryan,  W.  F. 

Weil,  L.  S. 

Norman,  R.  A. 

Sandfort,  J.  F. 

Wichita- 

Shreveport— 

Huntington  — 

Stiles,  G.  S. 

Buckley,  D,  J, 

Fitss  Gerald,  W.  E. 

Redrup,  W.  D. 

Zwally*  A.  L. 

Smith,  G.  W. 

Des  Moines  — 

Bartels,  E.  M. 

KENTUCKY 

MAINE 

Indianapolis  — 

Ammerman,  C.  R. 
Clark,  L.  W. 
Cross,  R.  C. 
Fenstermaker,  S.  E. 
Hagedon,  C.  H. 
Hayes,  J.  G. 
Hildreth,  E.  S. 
Niesse,  J.  H. 
Paetz,  G.  A. 
Poehner,  R.  E. 
Supple,  G.  B. 

Borg,  E.  H. 
Campbell,  B. 
Delavan,  N.  B. 
Drain,  H.  E. 
Duitch,  P.  R. 
Fergestad,  M.  L. 
Friedline,  J.  M. 
Helstrom,  C.  W. 
Hennessy,  W.  J. 
Johnson,  T.  R. 
Johnston,  M.  T. 
Klein,  F.  R. 
Landes,  B.  E. 

Bangor  — 

Prince,  R.  F. 

Lewiston—  - 

Fowlea,  H.  H. 

Portland— 

Lexington  — 

May,  J,  W. 
O'Bannon,  L.  S, 
West,  P, 

Louisville— 

Donelson,  W,  N. 
Groot,  H.  W. 
Hellstrom,  J. 

Lafayette  — 

LaRue,  P. 
Murphy,  D.  C. 
Schnell,  R.  H. 

Hubbuch,  N.  J.,  Jr. 
Murphy,  H.  C. 
Nutting,  A, 

Fels,  A.  B. 
Merrill,  C.  J, 

Clemens,  J.  D. 

Stuart,  W.  W. 

White,  T.  G,,  Jr. 

Tone,  J.E.,Jr. 

MARYLAND 

Tnggs,  F.  E. 

La  Porte—- 

Vaughn, F.  R. 

South  Fort  Mitchell- 

Meyer,  K.  A. 
Shrock,  J.  H. 

Walters,  A.  L. 

Kennedy,  0.  A, 

Baltimore- 

Sioux  City— 

Vine  Grove  — 

Collier,  W.  L 
Crosby,  K.  L. 

Lawrenceburg  —    " 

Bechtol,  J.  J. 

Hagan,  W.  V. 
Raven,  A.  H. 

Cropper,  R.  0. 

Dresaell,  li  E. 

Gjertaen,  G. 
Hunt,  M. 

Michigan  City- 
Stock  well,  W.  R. 

Waterloo  — 

Hedeen,  L.  E. 
Herbert,  R.  M. 

LOUISIANA 

Leillch,  R.  L. 
Levitt,  L.  L. 
McCormack,  D. 
McCrea,  L.  W, 

Westphal,  N.  E. 
Muncie  — 

Knox,  J.  C. 
Mitchell,  J.  A. 
Todd,  M.  L. 
Winterbottom,  R.  F. 

Bogalusa  — 

Gray,  W.  C. 

Nest.  R.  E, 
North,  W,  R. 
Poaey,  J. 
Seiter,  J.  E. 

Pfriem,  P.  G. 
Price,  C.  R 

KANSAS 

Gretna— 

Hero,  G.  A.,  Jr. 

Shepard,  J.  deB., 
Sklurevakl,  R. 
Smoot,  T.  H. 
Taze,  E.  H. 

Peru- 



New  Orleans  — 

Vance,  L.  G. 
Vincent,  P.  J. 

Thrush,  H.  A. 

Coffeyville— 

Adair,  J.  S. 

Whiteley,  S.  M. 

South  Bend  — 

Cheeseman,  E.  W. 

Burns,  F.  G. 
Crary,  J.  O. 
Creasy,  L.  V. 

Bethescla— 

Roasiter,  I.  J. 
Vincennes  — 

Great  Bend  — 

Morrison,  W.  L. 

DeLaureal,  W.  D. 
Devlin,  J. 
Dudley,  W.  H.,  Jr. 
Dunlap,  A.  L. 

Brandt,  A.  D. 
Goodwin,  E.  W, 
Schlichter,  C.  F, 
Smith,  S. 

Wissing,  C.  B. 

Hutchinson  — 

Elizardi,  R. 
Fischer,  F.  P. 

Terhune,  R.  D. 

Wabash— 

Stevens,  H.  L. 

Friedler,  J.  J.,  Jr. 
Gamble,  C.  B. 
Gammill,  O.  E,,  Jr. 

Chevy  Chase— 

Beitzell,  A.  E. 

Shivers,  P.  F. 

Junction  City  — 

Froelich,  H.  A. 

Graham,  F.  D. 
Grant,  W,  H.,  Jr. 
Guest,  R.  B. 

Thulman,  R.  K. 

West  Lafayette- 

Gutknecht,  F. 

Cumberland^ 

Miller,  W.  T, 
Ruppert,  C.  F. 
Wiesner.  B.  K. 
Zaki,  H.  M. 

Kansas  City  — 

Allen,  D.  M. 
Angus,  F.  M. 
Jolley,  E.  M. 

Healy,  C.  T. 
Helwick,  N.  J. 
Holzer,  R.  J.,  Jr. 
Jordy,  J.  J. 
Kelley.F.J. 

Griffith,  C.  A. 

Elkton— 

McCloskey,  J.  H. 
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Glen  Burnle  — 

Jennings,  W,  G. 

Lynn  — 

Weymouth  — 

Rodgera,  J.  S, 

Kelley,  J.  J. 
Kimball,  C.  W. 
Lair,  P.  H. 

Farrow,  H.  L. 
Feehan,  J.  B, 

McCafferty,  J.  E. 

Hyattsville— 

Baldwin,  K.  F.,  Jr. 

Licandro,  J.  P. 
Lincoln,  R.  L. 
Mayette,  C.  E. 
McCoy  T.  F 

Maiden- 
Den  ham,  H.  S. 

Winchester  — 

Carrier,  E.  G. 

Kensington— 

Merrill,  F.  A. 
Nee,  R.  M, 

Richards,  L.  V. 

Worcester  — 

Markert,  J.  W. 
Spurney,  F.  E. 

Pohlc,  K.  F, 
Stetson,  L.  R. 

Melrose  — 

Kolb,  R.  P. 
Wechsberg,  O. 

Laurel—* 

Kluckhuhn,  F,  H. 

Swaney,  C.  R. 
Tuttle,  J,  F. 
Waterman,  J.  H. 
Yaglou,  C.  P. 

Gerrish,  G.  B, 
Newton  Centre  — 

Murray,  J.  J. 

MICHIGAN 

Rockville— 

Brain  tree— 

Newtonville  — 

Albion- 

Brunett,  A.  L, 

Chenoweth,  D.  M. 

Emerson,  R.  R. 

Gable,  H.  R. 

Jones,  W.  T. 

Roland  Park  — 

Doraey,  F.  C. 

Bridgewater  — 

Beaulieu,  A.  A. 

Pittsfield— 

Ann  Arbor  — 

Backus,  T.  H.  L. 

Silver  Sprlng— 

Cambridge— 

Nicholla,  J.  M. 
Wagner,  E.  A. 
Woodger,  H.  W. 

Kessler,  C.  F. 

Marin,  A. 

Croney,  P.  A, 
Dill,  R.  S. 
Fineran,  E.  V. 
Hannlffan,  W. 
Kajuk,  A.  E. 

Flint,  C.  T. 
Holt,  J. 
Moore,  H.  C. 
Peterson,  C.  M.  F. 
Saurwein,  G.  K. 
Staszesky,  F.  M. 

Plymouth  — 

Wright,  D.  K,,  Jr. 

Battle  Creek  — 

Christenson,  H. 
Dempsey,  S.  J. 
Dyer,  W.  S. 

Stack,  A,  E. 

Touloukian,  Y.  S. 
Wilkcs,  G.  B. 

Reading  — 

Ingalls,  F.  D.  B. 

Bay  City- 

Takoma  Park— 

Borkat,  P. 

Chelmsford  — 
Ridley,  W.  H. 

Revere  — 

Braynaan,  A.  I. 

Gray,  J.  W. 
Henry,  E.  C. 
Witmer,  H.  S. 

Yorktowne  Village— 

Burns,  H.  J. 

Chelsea  — 

Hochman,  E. 

Roelindale— 

Larson,  C.  W. 

Birmingham— 

Akers,  G.  W. 
Hadjisky,  J.  N. 
Hyde,  E.  F. 

MASSACHUSETTS 

Dorchester— 

Saugus  — 

Root,  E.  B. 
Widdowfield,  A.  S. 

..'..  -nrr-.wi.-ir.,- 

Goodrich,  C.  F. 

Blair,  D.  W. 

Hosterman,  C.  O. 

Arlington  — 

Shaer,  L  E, 

Detroit  — 

Shuw,  N,  J.  H. 

Shirley— 

Adam,  R.  W. 

East  Lynn,  — 

Boyden,  D,  S. 

Anderson,  E.  J. 
Baldwin  W  H, 

Arlington  Heights— 

Lauckner,  C.  G,,  III 

Barth,  H.  E. 

Tarr,  H.  M. 

Somervllle  — 

Barton,  J. 

Essex  — 

Scaling!,  C.  R. 
Whitten,  H.  E. 

Bassett,  J.  W. 
Bay,  C.  H. 

Auburndale—" 

Wonson,  A.  S.,  Jr. 

Beattie,  J. 

Ahcarn,  W.  J. 

South  Hamilton— 

Berryman,  R.  H. 
Biggers,  R.  H, 

Belmont— 

Fitchburg— 

Illig,  E.  K. 

Mandell,  T.  P. 

Bishop,  F.  R. 
Blackmore,  F.  H. 
Boalea,  W.  G,     ' 

Kellogg,  A.  S. 
Spence,  R.  A. 

Illig,  W.  R. 
Karlaon,  A,  F. 

Springfield  — 

Bottum,  E.  W. 
Buase,  H. 

McKIttrick,  P.  A, 

Cooper,  W,  B. 

Champlin,  R.  C. 

Cross,  R.  E. 

Clark,  E.  H. 

Boston  — 
Archer,  D,  M. 

Harwich  Port  — 

Holmes,  R.  E. 
Huggins,  L,  G, 

Connell,  R.  F. 
Coon,  T.  E. 

Baker,  R,  H, 

Maxwell,  G.  W. 

Leland,  W.  B. 

Cummins,  G.  H, 

Bartlett,  A,  C. 

Murphy,  W.  W. 

Darlington,  A.  P. 

Blakdey,  H.  J. 

Dauch,  E,  0. 

Brinton,  J.  W. 

Hyde  Park- 

Deppmann,  R.  L. 

Briflectte,  L.  A. 

Ellis  F.  R. 

Watertown  — 

Dickenson,  F.  R, 

Bryant,  A.  G, 

Colby,  J.  H. 

Wiegner,  H.  B. 

Dubry,  E.  E. 

Elliott,  N.  B. 

Cummlnga,  C.  H, 
Donohoe,  J.  B. 
Drinker,  P. 
Edwards,  D.  J. 

Lawrence  — 

Bride,  W.  T. 
Wilson,  A,  M. 

Wellesley  Hills- 
Barnes,  W.  E. 

Falk,  D,  S. 
Feinberg,  E. 
Gair,  K.  B. 
Giguere,  G.  H. 

Foulds,  P.  A,  L. 

Goss,  M.  H. 

Franklin,  R.  S, 
Gleason,  G.  H. 

Lcominster  — 

West  Roxbury  — 

Harrigan,  E.  M. 
Harrigan,  E.  R. 

Hashagen,  J.  B. 

Kern,  R,  T. 

McPherson,  W.  A, 

Hesselschwerdt,  A.  L. 
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Heydon,  C.  G. 

Flint— 

Okemos  — 

Caple,  I. 

Hogan,  E.  L, 
Hubbard,  N.  B. 

Hendriksen,  L. 

Foote,  J.  H.,  Jr, 

Carlson,  C.  0. 
Chalmers,  C.  H, 

Hughson,  H.  H. 

Copperud,  E.  R. 

Hutzel,  H.  F. 
Johnson,  F.  W. 
Kasier,  F. 
Kaufman,  H,  J. 

Grand  Rapids  — 

Boot,  A. 
Bradfield,  W.  W. 

Pleasant  Ridge  — 

Burch,  L.  A. 

Cottrell,  W.  H. 
Craig,  ).  A. 
CummmK,  F.  J. 
Dahlatrom,  G.  A. 

Kilner,  J,  S. 
Kirkpatrick,  A.  H. 
Knapp,  A.  E. 
Knibb,  A.  E. 

Bratt,  H.  D. 
Hall,  T. 
Marshall,  O.  D. 
Morton,  C.  H. 

Plymouth- 
Lee,  J.  A. 

Davidson,  J.  C. 
Devcr,  H.  F. 
Eklund,  G.  P, 
Fcddera,  M,  P. 

Lewis,  K,  C. 

Stafford,  T.  D, 

Forfar,  D.  M. 

Linebaugh,  J.  E. 
Linsenmeyer,  F.  J. 
Livermore,  J.  N. 

Thoman,  E.  O. 
Todd,  S.  W.,  Jr. 
Warren,  F.  C. 

Pontiac— 

Trzos,  O.  A. 

Gausewitz,  W.  H. 
Gerriah,  H,  E, 
Gordon,  E,  B.,  Jr. 

Luty,  D.  J. 

Ziesse,  K.  L. 

Gorgen,  K.  E. 

Mabley,  T.  H. 
MacMillan,  A.  R. 
Mally,  C.  F. 

Grosse  Pointe  Park  — 

Rochester  — 

Clar,  R.,  Jr. 

Gross,  L.  C. 
Hainee,  J.  E. 
Haley,  R.  T. 

Marzolf,  F.  X. 

Buckeridge,  V.  L. 

Hanson,  L.  C. 

McCrea,  J.  B. 
McGeorge,  R,  H. 

Davis.  G.  L.,  Jr. 
Feely,  F.  J. 

Royal  Oak  — 

Hanson,  L.  P. 
Harris,  J.  B. 

Mclntire,  J.  F. 

McConachie,  L.  L. 

Helmrich,  G.  B. 

Helstrom,  H.  G. 

McLean,  D. 

Keyser,  H.  M. 

Hitchcock,  P.  C. 

Metcalfe,  C. 

Huch,  A.  J. 

Middleton,  D.  K. 

Hermansville  — 

Jordan,  R.  C. 

Milward,  R.  K. 
Morse,  C.  T. 
Morse,  L.  S.,  Jr. 

Voorhees,  G.  A. 

Saginaw— 

Witheridge,  D,  E. 

KJllecn,  E.  F. 
Knapp,  D.  S. 
Knowlcfl,  E.  L. 

Nutting,  H.  G.  D. 
Oberschulte,  R.  H. 
Old,  W.  H. 

Highland  Park— 

Harrower,  W.  C. 

Spring  Lake- 

Lange,  F.  F, 
Larson,  C.  P. 
Lawrence,  C.  T. 

O'  Gorman,  J.  S.,  Jr. 

Wilde,  R.  S,  M. 

Worthing,  S.  L. 

LeRler,  F.  W, 

O'Rourke,  H.  D.,  Jr. 

Lilja,  C).  L. 

Paetz,  H.  E. 

Lund,  C.  E. 

Parrott,  L.  G. 

Hillsdale— 

Three  Rivers  — 

Limn,  ,R.  J. 

Partlan,  R.  L. 
Pavey,  C.  A. 

Oberlin,  J.  A. 

Hall,  C.  H. 

Marshall,  S.  C. 
McDonald,  T. 

Purcell,  F.  C. 

Mills,  H.  C.  . 

Randall,  R.  D. 

Holland— 

Wayland— 

Morgan,  G.  C. 

Randall,  W.  C. 
Reader,  J.  T. 
Sanford,  S.  S. 

DeRoo,  W.  C. 

Snook,  A.  H. 

Morton,  H.  S. 
Newton,  A.  B. 
Nicola,  J.  A. 

Schechter,  J.  P. 
Schmidt,  K.,  Jr. 

Houghton  — 

MINNESOTA 

Orr,  G.  M. 
Peterscn,  B.  W. 

Shea,  M.  B. 

Seeber,  R.  R. 

Petcrecn,  C.  P. 

Sheley,  E.  D. 

Petcraen,  R,  H. 

Shields,  C.  D. 
Smith,  W.  0. 

Kalaxnazoo  — 

Bayport  — 

Pricster,  G.  B. 
ProebHtle,  L, 

Snyder,  J.  W. 

Brinker,  H.  A. 

Swanson,  E.  C. 

Rdsberg,  L.  K. 

Soeters,  M. 
Spitzley,  R.  L. 

Brundage,  F.  W. 
Downs,  S.  H. 

Reach,  R.  J. 
Roberta,  H.  P. 

Spurgeon,  J.  H. 

McConner,  C.  R. 

Cloquet  — 

Rowley,  F  B. 

Stites,  R. 
Strand,  C.  A. 

Metzger,  H.  J. 
Schlichting,  W.  G. 

Pauley,  R.  D. 

Schad,  C.  A. 
Schultz,  A.  W. 

Taylor,  H.  J. 
Tillinghast,  H.  S. 
Toonder,  C.  L. 

Temple,  W.  J. 
Wilson,  R.  W. 

Duluth  — 

Seelert,  E.  H. 
Shipley,  S.  C. 
Stafford,  J.  F. 

Tuttle,  G.  H, 
Van  Nouhuys,  H.  C. 

Lansing  — 

Foster,  C. 
Prosser,  R.  G. 

Stiller,  F.  W. 
Sutherland*  D.  L. 

Waid,  G.  H. 

Distel,  R,  E. 

Swanson,  D.  F. 

Walker,  J.  H. 
Weinert,  F.  C. 

Hill,  V.  H. 
McLouth,  B.  F, 

Hibbing— 

Swenaon,  J.  E. 
Uhl,  W.  F. 

Whelan,  W.  J. 

Parsons,  R.  A. 

Bispala,  J.  T. 

Uhl,  E,  J. 

White,  E.  S. 

Wallace,  H.  P.,  Jr, 

Williams,  F.  H. 
Winans,  G.  D. 

Lawrence  — 

Mankato  — 

Willis,  L.  L. 

Morton,  P.  S. 

Forderbruggen,  K.  J. 

Dowagiac— 

Nicollet  Island— 

Cunningham,  J.  S. 

Marquette  — 

Mendota  — 

Schernbeck,  F.  H. 

Deming,  R.  E. 
Harden,  J.  C. 

Bernhard,  G. 

Estes,  E.  C, 

Snyder,  E.  F.,  Jr. 

Owatonna-— 

Torr,  T.  W. 
Woodhouse,  G.  D. 

Mt.  Clemens  — 

Bailey,  E.  P. 

Minneapolis  — 

Algren,  A.  B. 

Anderson,  G.  A.  M. 

Bell,  E.  F. 

East  Lansing- 
Ely,  R.  S. 
Kelly,  O.  A. 

Muskegon  — 

Young,  H.  J. 

Bensen,  C.  L. 
Benson,  M.  L. 
Betts,  H.  M. 
Bjerken,  M.  H. 

Robbinsdale— 

Hyde,  L.  L. 

Merz,  R.  A. 
Miller,  L.  G. 
Pesterfield,  C.  H. 

Muskegon  Heights- 
Reid,  H.  F. 

Bredesen,  B.  P. 
Burns,  E.  J. 
Burritt,  C.  G. 

Rochester  — 

Adams,  N.  D, 
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St.  Paul— 

Campbell,  E.  K. 

Dreher,  L,  F. 

Omaha  — 

Anderson,  D.  B, 
Backatrorn,  R.  K, 
Bauer,  A.  K, 
Bean,  G.  S. 
Colman,  R.  C. 
Diamond,  D.  D, 
Kvuns,  R.  W. 

(  "*  '    lurnim    f  *    F 

ilickcy.  t).  W/' 
Hyde,  K,  V. 

Jones,  K.  F. 
Lynn,  R.  G. 
McNamara,  W. 
Mitchell,  J%G, 

Campbell,  E.  K,,  Jr, 
Campbell,  R.  P. 
Cassell,  W.  L. 

Dawwon,  T.  L. 
Dean,  F,  J.,  Jr. 
Dean,  M,  H. 
Doclda,  F,  F. 
Downcs,  N.  W, 
Furber,  L.  M. 
Kchlltf,  J.  B. 
Fchlitf,  J.  B,,  Jr. 
Flarsheim,  C.  A. 
Knrslund,  O.  A. 
Gilluam,  W.  E. 

Driemeyer,  R.  C. 
Evans,  B.  L. 
Fagin,  D.  J. 
Falvey,  J.  D. 
Foster,  J.  M. 
Gilmore,  L.  A, 
Grossenbacher,  H.  E. 
Grossmann,  H,  A. 
Haller,  A.  L. 
Hainig,  L.  L, 
Hester,  T.  J, 
Horch,  G.  E, 
Kella,  W.  B, 
Kuntss,  E.  C. 
Laskaris,  N.  G. 

Eaton,  B.  K. 
Kleinkauf,  H. 
Knepper,  H.  H. 
Mathis,  J. 
Merwin,  G.  E. 
Olson,  M.  J. 
Organ,  F. 
Peiser,  M.  B. 
Rcifschneider,  J, 
White,  W.  R. 

Schuyler  — 

Matousek,  A,  G. 

Oborft,  ***  C« 
Paine,  H.  A, 
Pcrsson,  N,  B. 
Peterson.  J.  R. 
Ruff,  I).  C 
Huriford,  A.  L, 
Schliek,  P,  F. 
Sturm,  W. 
THton,  N.  K. 
Winterer,  F.  C* 
Wundcrlich,  M.  S. 

Uurbordt,  O.  E. 
llolubu,  H.  J, 
Kitchen,  J,  H. 
LeffH,  P.  C, 
Mahon,  C,  A. 
Manning,  C,  E. 
Marchio,  E.,  Jr, 
Marston,  A,  D, 
Matthews,  J,  E. 
MilHs,  L,  W. 
Nottberg,  G. 

Laufketter,  F.  C. 
Malonc,  J.  S. 
McLarney,  H.  W. 
McMahon,  T.  W. 
Moon,  L.  W. 
Nelson,  C.  L. 
Norris,  W.  P. 
Oonk,  W.  J, 
Pellegrini,  L.  C. 
Rodenhelser,  G.  B. 
Rosebrough,  J.  S. 

Scottsbluff— 

Davis,  O.  E. 
Prawl,  F.  E. 

NEVADA 

Nottbcrg,  H, 

Sampson,  W.  D, 

Reno  — 

Spring  Park— 

Streater,  K.  C. 

Nottberg,  II.,  Jr. 
()'  Dower,  H.  J. 
Pellmounter,  T. 

Sanders,  C.  M.,  Jr. 
Scherrer,  L.  B. 
Simons,  B.  C, 

Maat,  C.  M. 
Thompson,  C. 

Pcxton,  if.  S, 

Sodemann,  P. 

WttyK*t«— 

Rlvard,  M.  M. 
Russell.  W.  A, 

Sodemann,  W.  C.  B, 
Stammer,  E.  L, 

NEW  JERSEY 

IIughcH,  S. 

Ryan,  ].  B, 
SellR,  E.  T.,  Jr, 

Sfcombathy,  L.  R. 
Tenkonohy,  R.  J. 

MISSISSIPPI 

Sheppartl,  F.  A. 
Stcphctnson,  L,  A. 
Stcvena,  K".  M. 

Tocnsfeldt,  R. 
Weber,  K.  F.,  Jr. 
Weiaa,  W.  G. 

Asbury  Park  — 

Strevell,  R.  P. 

Weiss  C,  A 

Jackson—  - 
Light,  J.  C 
Ludlow,  U,  Hi 

White,  II.  S, 
Wright,  II,  H. 
Young,  R,  W. 

Xink,  D.  D. 

University  City- 
Bradley,  E.  P. 
Carlock,  M.  F. 
Sharp,  H.  C. 

Atlantic  City  — 

Strouse,  S.  B. 

Smith,  R.  C. 

Bayonne  — 

MISSOURI 

Kirkwood*~ 

Schwartz,  J. 

Hartwein,  C.  E, 

Webster  Groves- 

—  — 

Schwartz,  N.  E. 

Myers,  G.  W.  F. 

Belleville- 

Clayton— 

Ronsick,  E,  H. 
Rosebrough,  R.  M. 

Thornton,  T.  L. 

DuBois,  L,  J. 

Curry,  R.  F. 

MONTANA 

Blackwood  — 

1>6§  Peres— 

Normandy—- 

Weid,  H.  L. 

LEiutz,  I4  *  A« 

Dullt,  W,  L, 

Billings—* 

Bloomfield  — 

Illckman  Milk— 

Overland- 

Cchagen,  C.  C. 
Young,  F,  H,,  Jr. 

Austin,  W.  H. 
Berry,  R.  U. 

Case,  D«  V. 

Cain,  W.  J. 

Surges,  J.  H.  M. 

Sydow,  L.  J. 

Kutt<J~"~ 

Faust,  F,  H. 

Independence-- 

Sullivan, T.  J. 

Harrington,  E. 
Jackes,  H.  D. 

Cook,  B,  F. 
Jefferson  City— 

Richmond  Heights— 

Siegel,  D.  E.                   Great  Fall87 
Spdbrink,  R,  G.                 Glnn,  T,  U. 

Kelsey,  H.  D. 
McLenegan,  D,  W. 
Tenney,  D. 

Woodman,  L.  E. 

St.  Joseph  — 

NEBRASKA 

Bogota-— 

Griess,  P.  G, 

Harton,  A.  J. 

j  opiin"  "" 

Zurow,  W. 

Jones,  J.  T. 
McMullen,  E.  W. 

Hastings  — 

Caldwell— 

Satterlee,  H.  A. 

St.  Louis—- 

Swingle,  W*  T. 

Albright,  C,  B. 

Ahrens,  C.  F, 

Kansas  City  — 
Arthur,  J.  M,,  Jr. 
Ball,  W, 
Banner,  F,  L.  D. 
Barnes,  A.  R. 
Beu,  H,  D. 
Caleb,  D. 

Bayse,  H.  V. 
Boester,  C.  F. 
Carlson,  E.  E. 
Carter,  J,  H. 
Clarkson,  J.  R. 
Cooper,  J,  W. 
Corrigan,  J.  A. 
Davia,  C.  R. 

Lincoln  — 

Green,  E.  W. 
Hellmers,  C.  C.,  Jr. 
Lehman,  M.  G. 
Ress,  0.  J.   w 
Stanton,  H.  W. 
Williams,  D.  W. 

Gamden  — 

Brown,  W.  M. 
Coward,  C.  W. 
Kappel,  G.  W.  A. 
Plum,  L.  H. 
Webster,  E.  K. 
Webster,  W,,  Jr. 
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Chatham  — 

Leonia— 

Ridgefield  Park- 

BronxvlHo  — 

Maddux.  O.  L. 

Close,  R. 

Davis,  A.  C. 

Bishop,  C.  R. 

Dornheim,  G.  A. 

CUffside  Park- 

Lyndhurst  — 

Ridgewood  — 

Grovee,  S.  A. 

Butler,  P.  D. 

Ehrlich,  M.  W. 

Fitts,  J.  C. 

Brooklyn  — 

Miller,  A.  T. 

Balsam,  C.  P. 

•Clifton  — 

Bigolet,  L. 

Hilder,  F.  L. 

Manville— 

Parkinson,  J.  S. 

Riverside- 
Graham,  J.  J. 

Birkett,  H,  S. 
Brex,  L  E. 
Derer,  B. 

Closter  — 

DeSornrna,  A.  E. 

Steinke,  B.  J. 

Merchantville  — 

Roselle  Park  — 

Dutcher,  H.  S. 
Dwyer  T  F 

Binder,  C.  G. 

Tiernan,  J,  P. 

Fidelius,  W.  R. 

Collingswood  — 

Goldberg,  M. 

Mohrfeld,  H.  H. 

Montclair  — 

South  Orange- 

Gornaton,  M.  H, 
Hollister  N  A 

East  Orange  — 

Ekings,  R.  M.,  Jr. 
Ferguson,  R.  R. 
Gombers,  H.  B. 

Bentz,  H. 
Broome,  J.  H. 

Mount  Holly- 

Browne,  A.  L. 

Summit  — 

Oaks,  0,  0. 

Jacobi,  B,  A, 
Janet,  M,  L. 
Josephaon,  S. 
Levine,  C, 
Levlne,  L.  J. 

Reilly,  J.  H. 
Schroth,  A.  H. 
Stacey,  A.  E.,  Jr. 
Tallmadge,  W. 
Turno,  W.  G. 

Elizabeth- 
Anderson,  J.  W. 
Cornwall,  G.  I. 
Wheller,  H.  S. 

King,  J.  S. 

Newark- 
Bryant,  P.  J. 
Carey,  P.  C. 
Haitmanek,  L.  M. 
Kruse,  W.  C.,  Jr. 
Kucinski,  W.  V. 
Leinroth,  J.  P. 
Morehouse,  H.  P. 

Teaneck  — 
Heebner,  W.  M. 

Trenton  — 

Bieringer,  F,  A. 

Union  — 

Lyman,  S.  E. 

Hollander,  E.  D. 
Phillips,  F.  W. 
Potter,  J.  R. 
Ritchie,  K.  J. 
Rodman,  R.  W. 
Rose,  J,  C, 
Thomburg,  H.  A. 
Tusch,  W. 
Vervoort,  E.  L. 
Wacha,  L.  J, 
Weissblatt,  N. 

Englewood  — 

Hendrickson,  W.  B. 

Ray,  L.  B. 
Raymer,  W.  F.,  Jr. 
Steinmetz,  C.  W.  A. 
Zemelman,  I.  M. 

Union  City  — 

Matheka,  C.  R. 
Taverna,  F.  F, 

Buffalo— 

Adcma,  G.  E. 
Beman,  M,  C. 
Derringer,  S.  H. 

Essex  Fells  — 

Soule,  L.  C. 

New  Brunswick  — 

Wolin,  M.  W. 

Verona  — 

Booth,  C.  A. 
Cherry,  L.  A, 
Cheyney,  C.  C. 

Boxall,  F. 

Constant,  E.  S, 

Fort  Dix  — 

Sharp,  J.  R. 

North  Arlington  — 

Bermal,  A,  H. 

Westfteld— 

Duvra,  J. 
Day,  H,  C, 
Drake,  G,  M, 

Hach,  E.  C. 

Karnham,  R. 

Freehold  — 

Buck,  D.  T. 

North  Plainfield— 

Seal,  A.  T. 

Hanaler,  J.  E. 
Westmont  — 

Farrar,  C.  W, 
Harding,  L,  A. 
Hurt,  F.  D. 
Hawk,  J,  K, 

Glen  Ridge- 

Robinson,  E.  R. 

Heath,  W.  R, 

Stark,  C.  E. 

Nutley  — 

Hedlcy,  F.  S, 

Morris,  C.  R. 

West  Orange— 

Hirschman,  W.  K 
Hurwich,  S.  B. 

Haddonfield— 

Adlam,  T.  N. 

Jackson,  M.  S. 

Buzzard,  F.  H. 

Orange  — 

Crawford,  J,  H.,  Jr. 

Snavely,  E.  R, 

Kamman,  A,  R, 
Landertt,  J.  J, 
Lenihan  W  0 

Hasbrouck  Heights— 

Goodwin,  S.  L. 

Settelmeyer,  J.  T. 
Wildman,  E.  L. 

Woodbury— 

Schmieler,  J,  B, 

Lighthart,  C.  H. 
Long,  IL  P. 

Hoboken  — 

Passaic  — 

NEW  MEXICO 

Love,  C,  H. 
Madison,  R.  D, 
Mahoney,  D.  J. 

Dick,  H. 

Blazer,  B.  V. 

Moeflel,  F.  A. 

Mosher,  C.  H. 

Irvington  — 

Feldennann,  W. 

Paterson  — 

Cox,  H.  F. 

Albuquerque  — 

McKinley,  C.  B. 

Osborne,  S.  R. 
Peterson,  D,  J. 
Pleuthner,  R,  L. 

Reinke,  A.  G. 
Stengel,  F.  J. 

Frank,  O.  E, 
McBride,  J.  N. 

NEW  YORK 

Quackcnbush,  S.  M. 
Reif,  A.  K. 
Reif,  C.  A. 

Jersey  City  — 

Perth  Amboy  — 



Roebuck,  W,,  Jr. 

Schafer,  H.  C. 

Borak,  E. 
Jones,  H.  L. 
Kelly,  C.  J. 
Kunzog,  T.  W. 
Ritchie,  W. 
Waltherthum,  J.  J. 

Simkin,  M. 

Plainfield— 

Pond.  W.  H. 

Albany- 
Bond,  H.  A. 
Dick,  A.  V. 
Lewis,  H.  F. 
Murray,  T.  F. 
Mytinger,  K.  L. 

Schmidt,  H. 
Seelbach,  H.,  Jr. 
Seyfang,  W.  G, 
Siegel.R.  C. 
Sipencer,  W.  E. 
Voisinet,  W.  E. 
Walker,  E.  R. 

Kearny  — 
Shaffer,  C.  E. 

Red  Bank- 
Isaacs,  H.  A.,  Jr. 
Miner,  H.  H. 

Taggart,  R.  C. 
Taylor,  R.  B. 
Teeling,  G.  A. 

Westover,  W. 

Wendt,  E.  F. 
Whitt,  S.  A. 
Yager,  J.  J. 
Zolitsch,  H.  G. 
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Waechter,  H,  P. 

Eschenbach,  S.  P. 

NORTH    CAROLINA       Cincinnati— 

Walton,  C.  W.,  Jr. 

"W-ariwir     T     TVT     Q 

(Fort  Totten) 

TJVim«at      TVT 

Bird,  C, 

waring,  j.  ivi.  o. 
Wasson,  R.  A. 

jfrimec.,  JVJL. 
(West  Brighton) 

Black,  J.  M. 
Blum,  R.  J.,  Jr. 

Webster,  C.  C. 

Johnson,  E.  B. 

Asheville— 

Boyd,  T.  D. 

Wheeler,  T.,  Jr. 
Wilder,  H.  P. 
Williams,  H.  E. 

(Port  Richmond) 
Pfuhler,  J.  L. 
(W.  New  Brighton) 

Wilson,  W,  E. 

BuenRcr,  A. 
Coombe,  J. 
Cott,  W.  B. 

Willner,  I. 
Wolf,  P. 
Wrightson,  W,  T. 

Vivarttas,  E.  A. 
(W.  New  Brighton) 
Volkhardt,  A.  N. 
(Rosebank) 

Charlotte  — 

Baber,  J.  E. 
Bailey,  J.  L. 
Barnes,  H.  S, 

Crombic,  J. 
Edwards,  A.  W. 
Ellis,  G.  P. 
Gannon,  R.  R. 

Gl»f»Atl       \fj      f* 

Niagara  Falls— 

Brandt,  E.  H.,  Jr. 
Win  M  w 

reen,  w.  V-. 
Hard,  A.  L. 

Woolcock,  E. 

Suffern  — 

jrtiiii  Jci.  JTL. 
Hodge,  W.  B. 

Helburn,  L  B. 

Barnum,  M.  C. 

Muirheid,  J.  G. 

Ppttv    C*    T? 

Houlia,  L.  D. 
Houliaton,  G.  B. 

North  Tarrytown  — 

Weiss,  A.  P, 

Syracuse  — 

•rcuty,  **>,  XL. 
Warren,  R.  M.,  Jr. 
Wooten,  M.  F.,  Jr. 

Hudepohl,  L.  F. 
Hust,  C.  E, 
Hutchinson,  B.  L.,  Jr. 

Acheson,  A.  R. 

Juergens,  W.  A. 

Ashley,  C.  M. 

Junker,  W.  H. 

North  Tonawanda  — 

Conaty,  B.  M. 

Avery,  L. 
Carrier,  W.  H. 
Cherne,  R.  E. 

Durham  — 
Altemueller,  G.  F. 
Cooke,  T.  C. 

Kicfer,  C.  J. 
Killian,  W.  J, 
Kinney,  A.  M. 

Cox,  T.  M.,  Jr. 

Daddario,  F.  T. 

Kramig,  R.  E.,  Jr. 

Oswefio— 

Lyke,  H.  W. 

Day,  V.  S. 
DesReis,  J.  F. 
,     Driscoll,  W.  H. 

Reed,  F.  J. 
Skinner,  A.,  Jr. 
Theiss,  E.  S. 

Leupold,  G,  L. 
Lewis,  H.  E. 
Mathcwson,  M.  E. 

Dunne,  R.  VanD. 

Wallace,  W.  M.,  II 

McNamee,  E.  W. 

Evans,  E.  C. 

Moore,  H,  W. 

Pelham  Manor  — 

French,  D. 

Motz.  O.  W. 

White,  E.  G. 

Graham,  W.  D. 
Henszey,  W.  P. 

Fort  Bragg— 

Mursmna,  G,  P. 
Pillen,  H,  A. 

Hockensmith,  F.  E. 

Neal,  J.  P. 

Platler,  W.  C. 

Potsdam  — 

Ingels,  M. 

Richard,  E.  J. 

Armstrong,  E.  T. 

Kubasta,  R.  W. 
Lewis,  L.  L. 

Greensboro  — 

Royer,  E.  B. 
Ruff,  A.  G, 

Poughkeepsie  — 

Bertolette,  C.r  Jr. 

Lyle,  J.  I. 
Mohsin,  S. 
Murphy,  E.  T. 
Noble,  M. 
Schoeffter,  H.  M. 

Adams,  C.  1. 
Burr,  G.  C. 
Guest,  P.  L.,  Jr. 
Harding,  E,  R. 

Sigmund,  R.  W. 
SUberstcin,  B.  G. 
Sproull,  H.  E, 
Stevens,  W.  R. 
Sutfin,  G.  V, 

Rochester  — 

Baker,  H.  L.,  Jr. 

Sheldon,  N.  E. 
Silvera,  A. 
Taliaferro,  R.  R. 

K?ag?s,nF,  E.  P, 
Oertel,  F.  H.  E. 

Thompson,  E.  B. 
Ward.  F,  J. 
Washington,  L.  W. 

Betlem,  H.  T. 

Traynor,  H.  S. 

Williams,  E.  C* 

Cook,  R,  P. 
Dickason,  G.  D. 

Woese,  C.  F. 

High  Point- 

Wright,  K.  A. 

Hakes,  L.  M. 

Gray,  H.  E. 

Hutchins,  W.  H. 
Kimmell,  P.  M. 

Tonawanda  — 

Karlsteen,  G.  H. 

Gray,  W.  E. 
Lewis,  W.  W. 

Cleveland— 

King,  R.  L. 

Auer,  G.  G, 

Leonhard,  L.  W. 

Avery,  L.  T. 

Lewis,  C.  E. 
Stacy,  S.  C. 
Treadway,  J.  Q. 
Vidale,  R. 

Tuckahoe  — 

Goulding,  W. 

Raleigh- 
Lee,  R.  T. 
Rice,  R.  B. 

Baggaky,  W. 
Beach,  W*  R. 
Berger,  J.  L. 
Brown,  T. 

Wilder,  E.  L. 

Vaughan,  L,  L. 

Cohen,  P. 

Utica— 

Conner,  R.  M. 

Rome  — 

Randolph,  H.  F. 
Steinhorst,  T.  F. 

Winston-Salem— 

Cummings,  R.  J. 
Curtis,  H.  F. 

Lynch,  W.  L. 

Bahnson,  F,  F. 

Gushing,  C.  F. 

Brown  M  .  D  . 

Downe,  E,  R* 

Valhalla— 

Cornwall,  C.  C* 

Evans,  W,  A. 

Scarsdale— 

Gumming,  R.  W. 

Mehne,  C.  A. 

Marshall,  J. 
Page,  A. 

Eveleth,  C.  F. 
Friedman,  A. 
Gayman,  P.  D. 

Geltz  R,  W. 

Watervliet— 

Gottwald  C 

Schenec  tady  — 

Hunziker,  C.  E. 

Schubert,  A.  G. 

OHIO 

Gray,  E.  W." 
Half,  N.  H. 

Spitzley,  J.  H. 
Welch,  L.  A.,  Jr. 

White  Plains— 

Belsky,  G.  A. 

Amsterdam  — 

Harvey,  L.  C. 
Heisterkamp,  H.  W. 
Jones,  J.  P. 

Zibold,  C.  E. 

Allensworth,  J.  E. 

Kaercher,  C.  M.  H. 

Snyder  — 

Kitchen,  F.  A. 

Gifford,  C.  A. 

Klie,  W. 

Staten  Island  — 

Yonkers  — 

Flink,  C.  H. 
Goerg,  B. 

Ashland  — 

Rybolt,  A.  L. 

Levy,  M.  L 
Machen,  J.  T. 
McICeeman,  C.  A. 
Moore,  W.  R. 

Brown,  H.  J. 

(Clifton) 
Callahan,  P.  J. 
(Great  Kills) 

Harmonay,  W.  L. 
Ormiston,  J.  B. 
Rainger,  W.  F. 
Werker,  H. 

Chagrin  Falls— 

Guilbert,  S.  R. 
Wilson,  R.  A. 

Nachman,  G.  P. 
Nessell,  C.  W. 
Nobis,  H.  M. 
Platz,  J.  F. 
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Pogalka,  L.  H. 

Euclid— 

University  Heights— 

Finnigan,  W.  T. 

Powers,  L.  C. 
Quick,  B.  A. 
RfDP,  H,  L. 

Seigel,  L.  J. 
Wilhelm,  J.  E. 

Mannen,  D.  E.,  Jr. 

Fox,  W.  K. 
Freeman,  J,  A. 
Gehrs,  W. 

Rhoton,  W.  R. 
Rowe,  W.  M, 

Slnwaon,  L.  E. 
Smith,  W.  D, 

Hamilton  — 

Thomas,  L.  G.  L. 

Waverly— 

Armbruster,  F.  T.  W. 

Goehler,  E.  E. 
Hanthorn,  W. 
Heinkel,  C.  E. 
Kollas,  W.  J. 

Southmayd,  R,  T, 
Tasse,  D.  L. 
Tuve,  G.  L. 
VanderUoof,  A,  L* 

Kent— 

Saginor,  S,  V, 

Wilmington  — 

Marconett,  V.  G. 
Sapp,  C.  L. 

Kroeker,  J.  D. 
Lynch,  J.  R. 
MacGregor,  C.  M. 
McClung,  T.  H. 

Webb,  E.  C, 

McDermott,  J.  P. 

Weldy,  L.  0, 

Lakewood  — 

Mclndoe,  J.  F. 

Wetzell,  H.  E. 
Young,  K.  0. 

Longcoy,  G.  B. 
Norrington,  W.  L, 
Schurman,  J.  A. 

Youngstown  — 

Montgomery,  J.  R. 
Sgambati,  A.  P. 

Mead,  H.  K. 
Michaels,  M.  A. 
Moore,  B.  W. 
Morrison,  W.  B. 

Cleveland  Heights— 

Cady,  E,  F. 
Clark,  R.  L, 

Lima— 

Hawisher,  H.  H. 

OKLAHOMA 

Munro,  D.  R. 
Murhard,  E.  A, 
Neubauer,  E.  W. 
Nielson,  H.  B. 

Davis,  R,  G. 

Ponder,  E,  A. 

Columbus— 

Lorain—  • 

Jackson,  W,  F, 

Norman  — 

Dawson,  E.  F. 

Richardson,  L.  S, 
Taylor,  T,  E, 
Turner,  E,  S. 

T  TrKa  n     T7     IT 

Breneman,  R.  B, 
Brown,  A*  L 
Conklin,  R.  M. 
Gowdy,  A,  C. 
Lelby,  R.  S, 
Myler,  W,  M.,  Jr. 
Noble,  J.  P. 
Oelgoeta,  J.  F, 
Ralph,  D.  S. 
Sherman,  R.  A. 
Slfmmona,  J.  D. 
Williams,  A,  W, 
Wyatt,  DeW.  H, 

Mansfield— 

Trenner,  K. 

Middle  town— 

Byrd,  T.  I, 
Essex,  J,  L. 
Somers,  W.  S. 

Newark- 
Waggoner,  J.  H. 

Oklahoma  City— 

Braniff,  P.  R. 
Campbell,  A.  0. 
Carnahan,  J.  H. 
Carroll,  W,  M. 
Dolan,  R,  G. 
Gray,  E.  W. 
Kidd,  C.  R. 
Loeffler,  F.  X. 
Mideke,  J.  M. 
Morin,  A,  R, 
Rolland,  S.  L. 

uroan,  JP  .  JP  • 
Watson,  K.  W. 
Weller,  A.  K. 
Widmer,  W.  J. 
Yates,  J.  E. 

Salem  — 

Cooper,  D.  E. 
VanWyngarden,  J.  E. 

PENNSYLVANIA 

Tiller,  L. 

Abington  — 

Cortland— 

Swenehart,  D.  W. 

Norwood— 

Braun,  J,  J. 

Tulsa— 

Bigelow,  E.  S. 
Park,  N.  W. 

Dean,  C,  H. 

Holmes,  A,  D, 

GuyahOga  Falls  - 

Humphrey,  D.  E. 
Ray,  G.  B, 

Oberlin— 

Ries,  L,  S. 
Sable,  E,  J. 

Jones,  E. 
Meinholtz,  H.  W. 
Mumford,  W.  W. 
Pauling,  R.  E, 

Aldan  — 

Mulcey,  P.  A. 

Allentown  — 

Dayton  — 

Palnesville— 

Hobbs,  J.  C, 

OREGON 

Goundie,  J.  K. 
Hersh,  F.  C. 

Baker,  I.  C, 

Korn,  C.  B. 

Brown,  J,  S. 

Chapman,  W.  A.,  Jr. 
Kveretts,  J,,  Jr. 
Fuller,  E.  W, 

Piqua  — 
Lange,  R.  T. 

GorvalUs— 

Willey,  E,  C. 

Ambler  — 

McElgin,  J.  W. 

Gibbons,  M.  J, 

Godfrey,  J.  E. 
Gonssakas,  R,  A. 

Powell— 

Eugene  — 

Ardmore  — 

Hull,  H.  B. 
Klncaide,  M.  C, 

Allonier,  H.  R. 

Chase,  P.  S. 

Haynes,  C.  V. 

Kucher,  A.  A. 

Kuempel,  L,  L, 
LaSalvlaJ.  J. 
Lindsay,  G.  W.,  Jr. 

Shaker  Heights— 

Foley,  J,  L. 

Gladstone  — 

Williams,  L.  G. 

Ardsley  — 

Tucker,  L.  A. 

Livar,  A.  P. 

Smith,  N.  J, 
White,  B.  D. 
Wood,  C.  F. 

South  Park  — 

Barney,  W.  E. 

Medford— 

Hoey,  J.  K. 

Avondale  — 

Battan,  S.  W. 

Woodward,  R, 

Worsham,  H. 
Wyld,  R.  G. 

Springfield  — 

Portland  — 

Beechwood  — 

Hauck,  E.  L. 

Armstrong,  C.  E. 

Kipe,  J.  M. 

Banta,  G.  L. 

East  Cleveland- 
Stark,  W.  E. 
Steffner,  E.  F. 

Toledo— 

Bergan,  J.  R. 
Graham,  J.  M. 
Hall,  J.  R. 

Brissenden,  C.  W. 
Burton,  W.  R. 
Byrne,  J.  J. 
Campau,  W.  R. 
Carroll,  E.  E. 

Bethlehem  — 

Murnin,  E.  A.,  Jr. 
Stuart,  M.  C. 

Jones,  S. 

Clark,  A.  C. 

Elyria— 

Kallnsky,  A.  G. 
Maynard,  J.  E. 

McKitrick,  W.  D. 
Terry,  M.  C. 
Watkina,  G,  B, 

Davis,  R.  J. 
Enders,  C.  E. 
Fames,  B.  W. 

Blairsville— 

Mabon,  J.  E. 
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Bradford  — 

Milton— 

Kriebel,  A.  E. 

Humphreys.  C.  M. 

Paterson,  F.  C.,  Jr. 

Mohn,  H.  L, 

Ladd,  D. 
Landau,  M. 

Hutcheon,  C.  R. 

Hyde,  E.  H, 

Latier,  R.  F. 

Jones,  H.  S. 

Brookline  Park  — 

Mount  Lebanon  — 

Leopold,  C.  S. 
Lyon,  P.  S, 

Jones,  L.  K. 
Kenney,  T.  W. 

Call,  J. 

Lige,  W.  W. 

Mack,  L. 

Kirkendall,  H.  J, 

Macrow,  L, 

Landes,  B*  D. 

Makin,  H,  T.f  Jr. 

Lieblich,  M. 

Drcxel  Hill— 

Narberth— 

Martocello,  J.  A. 

Matz,  G.  N. 

Grant,  W.  A. 
Searle,  W.  J.,  Jr. 
Wilmot,  C.  S. 

Mather,  H.  H. 
McCaffrey,  C.  E. 
McCu'lough,  H.  G. 

Long,  E.jr," 
Loucks,  D,  W. 
Lowe,  W. 

Dunbar  — 

Mcllvaine,  J.  H. 

Maehling,  L.  S. 

Sherwood,  L.  T. 
East  Pittsburgh  — 

Newtown  — 

LewiS,  T. 

Mellon,  J.  T.  J. 
Meloney,  E.  J. 
Mensing,  F.  D. 
Millham,  F.  B, 
Moody,  L.  E. 

Mahon,  F.  B. 
Maler,  G,  M. 
Marshall,  A.  W. 
McCullough,  J.  L. 
McGonagle,  A. 

Hazlett,  T.  L, 
Penney,  G.  W. 

Oakmont  — 

Morgan,  R,  C. 
Murdoch,  J.  P. 

Mclntoah,  F,  C 

MetsKger,  A.  F. 

Edgewood  — 

Edwards,  J.  D. 
Lieberman,  M.  S. 

Nesbitt,  A.  J. 
Nesbitt,  J.  J. 
Nusbaum,  L. 

Miller,  R.  A. 
Moore,  H.  L, 

Mueller,  J.  E, 

Strauch,  P.  C. 

Oxford  — 

Nusbaum,  S.  R. 
Parent,  H,  M. 

Naaa,  A,  F. 
Nicholla,  P. 

Ware,  J.  H.,  Ill 

Pfeiffcr,  F.  F. 

Park,  H.  E. 

Elizabethtown  — 

Plewes,  S.  E. 

Parks,  C.  E. 

Dibble,  S.  E. 

Penn  Valley- 

Powell,  G.  W.,  Jr. 
Powers,  Earle  C. 

Peacock,  G,  S. 
Prole,  J. 

Smith,  W.  F. 

Powers,  Edgar  C. 
Prewitt,  H.  B. 

Reed,  van  A.,  Jr. 
Reed,  W.  H..  Ill 

Sahlmann,  F.  L. 

Pryibil,  P.  L. 
Redstone,  A.  L. 

Rlesmeyer,  B.  H.t  Jr. 
Rockwell,  T.  F. 

Philadelphia— 

Rettew,  H.  F. 

Row,  H.  J. 

Glenmoore  — 

Gant,  H.  P. 

Ahlff,  A.  A. 
Arnold,  R.  S. 
Bachman,  F. 

Roberts,  H.  L. 
Rugart,  K. 
Sabin,  E.  R. 

Rosenberg,  L 
Scanlon,  E.  L, 
Small,  B.  R. 

Ballman,  W.  H. 

Schneider,  C.  H. 

Smith,  R.  L, 

Harrisburg  — 

Barnard,  M.  E. 
Bartlett,  C.  E. 

Schulz,  E.  L. 
Shanklin,  A.  P. 

Smyfcro,  K*  C. 

Speller,  F.  N. 

Eicher,  H,  C. 

Belford,  L.  duB. 

Shapiro,  C.  A. 

Stanger,  R.  B. 

Geiger,  I.  H. 

Black,  E.  N,,  III 

Sheffler,  M. 

Stauffen  J.  E. 

Herre,  H.  A. 

Black,  H.  G, 

Shore,  D. 

Jtaggftll,  H.  B. 

Blankin,  M.  F. 

Speckman,  C.  H. 

Stevenson,  W.  W. 

Hershey  — 

Bogaty,  H.  S. 
Bornemann,  W.  A* 

Timmis,  P. 
Touton,  R.  D. 

Sweeney,  R*  H. 
Tennant,  R.  J.  J. 

Snavely,  A.  B. 

Caldwell,  A.  C. 

Traugott,  M. 

Tower,  E.  S. 

Carney,  E.  J. 

Tuckerman,  G.  E. 

Tumpane,  J.  P.,  Jr. 

Johnstown  — 

Cassell,  J.  D. 
Childs,  L.  A. 

Wagner,  E,  K. 
Wegmann,  A. 

Wutere,  G.  G. 
Wecldell,  G.  0. 

Hunter,  L.  N. 

Cody,  H.  C. 

Wells,  W.  F. 

Whitdaw,  H,  L. 

Knowles,  F.  R. 

Culbert,  W.  P. 

Whitney,  C.  W. 

Winer,  B.  B, 

Novotney,  T.  A. 

Dafter,  E.  H. 

Wiley,  D.  C. 

D'Ambly,  A.  E. 

Wiltberger,  C,  F. 

Davidson,  L.  C. 

Woolston,  A.  H. 

Pottatown— 

Kingston  — 

MacDonald,  D.  B. 
McGown,  F.  H.,  Jr. 

Davidson,  P.  L. 
Dietz,  C.  F. 
Dome,  A.  G. 

Pittsburgh— 

Harberger,  G.  L. 

Stewart,  J.  P. 

Donovan,  W.  J. 
Eastman,  C.  B. 
Elliot,  E. 

Betghel,  H.  A. 
Blackmore,  G.  C. 
Borton,  A.  R, 

PottsviHe— 

Marty,  B,  0. 

Lancaster— 

Erickson,  H,  H. 

Brauer,  R. 

Jones,  A. 

Faltenbacher,  H.  J. 
Familetti,  A.  R. 

Braun,  C.  R,,  Jr. 
Breyer,  F, 

Prlmos-— 

Lloyd,  E.  C. 
Shorb,  W.  A. 

Farrington,  S.  E. 
Galligan,  A.  B. 

Buahnell,  C.  D. 
Carr,  M.  L. 

Johnson,  A.  J. 

Lansdowne  — 
James,  H.  R. 
Seltzer,  P.  A. 

Gillett,  M.  C. 
Gilman,  F.  W. 
Goff,  J.  A. 
Hajek,  W.  J. 
Hedges,  H.  B. 

Collins,  J.  F.  S*,  Jr. 
Comstock,  G.  M. 
Cooperraan,  E, 
Cost,  G,  W, 
Cox,  S.  F. 

Reading—- 
Luck, A,  W. 

Hibbs,  F.  C. 

Dickinson,  R.  P.,  Jr. 

Ridley  Park— 

Manheim  — 

Weitzel,  C.  B. 
Weitzel,  P.  H. 

Hucker,  J.  H. 
Hunger,  R.  F. 
Hutchison,  J.  E. 
Hynes,  L.  P. 
Ickeringill,  J.  C. 

Dickson,  R.  W.,  Jr. 
Dorian,  M.  L 
Edwards,  P.  A. 
Ferderber,  M.  B. 
Gallagher,  F.  H. 

Mawby,  P. 

Scranton  — 

Mahon,  B.  B. 

Jacobsen,  K.  C.  S. 

Good,  C.  S. 

McKeespor-  — 

Dugan,  T.  M. 

Jakoby,  A.  C. 
Jardine,  W.  H.,  Jr. 

Greiner,  G.  E.,  Jr. 
Griest,  K.  C. 

Springdale  — 

Middletown  — 

Keeling,  F.  V. 
Kelble,  F.  R. 
Killough,  R.  E. 
Kirkbride,  J.  0. 

Hample,  H.  J. 
Hebley,  H.  F.  J. 
Hecht,  F.  H. 
Heilman,  R,  H 

Lynn,  F.  E. 
State  College  — 

Locke,  R.  A. 

Kohler,  J.  C. 

Houghten,  F.  C. 

Queer,  E.  R. 
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Stroudsburg— 

SOUTH  CAROLINA 

Beaumont  — 

Drescher,  F.  E. 

Kiefer,  E.  J, 

m  •.our.i.ir.-i—  T.I 

Shell,  J. 

Earl,  W. 
Johnson,  R.  B. 

Keeland,  B.  W. 

Swarthmore— 

Hobba,  W.  S. 
Robinson,  A.  & 
Thorn,  G.  B. 

Charleston— 

Bailey,  F.  A,,  Jr. 
Herty,  F.  B. 

Clemson  — 

Bellvllle— 

Woods,  C.  F. 

Brownwood  — 

Kurtz,  R.  W. 
Maves,  G.  D. 
McKinney,  C.  A. 
Mills,  D.  M. 
Mitchell,  A.  J. 
Morrow,  J.  DeW. 
Naman,  I.  A. 

Tarentum  — 

Shenk,  D.  H, 

Feldstein,  H. 
Rhine,  G,  R. 

Olson,  G.  E. 
Owings,  H.  L. 

Orr,  L. 

Pettit,  E.  N.f  Jr. 

Columbia— 

Salinger,  R.  J. 

Hartin,  W.  R. 

College  Station  — 

Spencer,  R.  M. 

tJniontown-- 

Marks,  A,  A. 

Kerr,  W.  K. 
McDowell,  H.  L. 
Mercer,  C.  F. 
Sherman,  W,  P. 

Gieaecke,  F.  E. 
Hinesr  G.  M. 
Hopper,  J.  S. 
Long,  W.  E. 

Taylor,  R.  F. 
Tucker,  R.  E. 
Walsh,  J.  A. 

Upper  Darby— 

Smith,  E,  G. 
Warren,  H,  P. 

Kelly  Field- 

Bertrand.  G,  F, 

Morehouse,  J.  S. 

Greenville— 

Ramseur,  V.  D.,  Jr, 

Weaver,  J.  VanO. 

Waldrep,  J,  E. 

Corpus  Christi— 

Villa  Nova— 
Burr,  G.  W* 

SOUTH  DAKOTA 

Beala,  D.  E. 
Blum,  H.,  Jr. 
Holsworth,  R.  C. 

Lubbock  — 
Ainsworth,  S.  E. 

Washington— 

Fraxier,  J.  15. 

Lead— 

Pullen,  R.  R. 

Dallas— 

Anspacher,  T.  H. 

San  Antonio  — 

Barnes,  R.  W. 
Diver,  M.  L. 

West  View— 
Reniy,  B,  B. 

Sioux  Falls  — 

Monick,  F.  R. 

Bishop,  J.  A. 
Brown,  M.  L. 
Brown,  M,  W. 
Cox,  V.  G. 
DeVilbiss,  P.  T. 

Ebert,  W.  A. 
Miller,  B.  R. 
Pawkett,  L.  S. 
Rummel,  A.  J. 

Disney,  M.  A. 

Wilkinsburg-- 

TENNESSEE 

Eutsler,  E.  E. 
Farrow,  E.  E. 
Gardner,  C.  R. 

San  Jacinto  — 

Dillender,  E.  A. 

BIber,  H.  A. 

Gilbert,  L.  S. 

Campbell,  T.  F. 

Elizabethton— 

Green,  S.  H. 

Graham,  J.  B. 

Torok,  E. 

Jelinek,  F.  R. 
Kribs,  C.  L.,  Jr. 
Landauer,  L.  L. 

Vernon  — 

Weatherby,  E.  P.,  Jr. 

WHliamspor  t— 

Axeman,  J.  K* 

Kingsport— 

Herbert,  J.  S. 

Linskie,  G,  A. 
Lyford,  R.  G. 
Martyn,  H.  J,        , 
McClanahan,  L.  C. 

Waco— 

Benham,  F.  C.,  Jr. 

Wyneot©  — 
Buck,  L. 

Knoxvllle  — 

Cross,  F.  G. 
Hawes,  H.  D. 

Mehl,  O,  H. 
Perkins,  R.  C. 
Pfeiffer,  D.  C. 
Pines,  S. 

UTAH 

Oakley,  L.  W. 

Renouf,  E.  P. 

Rodgers,  F.  A. 

'York—  • 
Barnum,  W.  E,,  Jr. 

Memphis  — 

Rogers,  R.  C. 
Ullrich,  A.  B.,  Jr. 

\X7{  +  wiai«    C*    N" 

Oftden— 

Young,  J.  T.,  Jr. 

Hertaler,  J,  It 
Kartorie,  V,  T. 

Hoshall,  R.  H. 
Shafer,  W.  P.,  Jr. 

wvtmer,  ^.  AN. 
Zumwalt,  R. 

Mirubile,  J,  J- 

Salt  Lake  City- 

Nicoll,  S,  F. 
Walsh,  E.  R.,  Jr. 

Nashville— 

Fort  Worth- 

Richardson,  H.  G. 

Zieber,  W.  E, 

Armlstead,  W.  C. 

Harris,  A.  M. 

Baker,  W.  C. 

MacEachin,  G,  C. 

Brown,  F. 

Skinner,  H.  W. 

VERMONT 

RHODE  ISLAND 

Campbell,  A.  Q.,  J 
Cumnbell  G«  S« 

r.            Sprekelmeyer,  J.  M. 
Werner,  R.  K» 

Crane,  R.'s. 

—  — 

Wilson,  V.  H,     - 

Burlington  — 

Galvoston  — 

Lanou,  J.  E. 

pawtucket  — 

Ruemmele,  A.  M. 

Raine,  J.  J. 

Kramer,  C. 

TEXAS 



Houston— 

VIRGINIA 

•Providence  — 

Amarlllo  — 

Badgett,  W.  H. 
Banowsky,  A.  B. 

Blanding,  R.  L, 
Colcman,  J.  B. 
Gibba,  E.  W. 
Hartwell,  J.  C. 
McCarthy,  J.  J. 
McLaughlin,  J,  D. 
Moulder,  A.  W. 

Burnett,  E.  S, 
Towne,  C.  0. 

Austin— 

Degler,  H.  E. 

Barnes,  A.  F. 
Barnes,  W.  L. 
Beaird,  B,  J. 
Bible,  H.  U. 
Chase,  A.  M.,  Jr. 
Cooper,  D.  S. 

Alexandria  — 

Goergens,  A.  G. 
Millard,  J.  W. 
Skagerberg,  R. 
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Arlington  — 

WASHINGTON 

Largent  — 

Jones,  E.  A. 

JllMlf       T        ^ 

Bozeman,  R. 

Donnelly,  J,  A. 

ung,  J._  p. 
Ketter,  J,  W. 

Cover,  R.  R.  • 

~ 

Kluge,  B.  M. 

Ferrarini,  J. 
Grimes,  F.  M. 

Bremerton  — 

Martinsburg  — 

Koch/R.  G. 

Hackett,  F.  C. 

Byaom,  L.  L. 

Caskey,  L.  H.,  Jr, 

Lavorgna,  M.  L. 

Home,  H.  F. 
Marshall,  W.  D, 
Nye,  L,  B.,  Jr. 

Kent  — 

Wheeling— 

Leitgabel,  K,  A. 
Lingen,  R.  A. 
Mack,  E.  H. 

Boyker,  R.  O. 

Hitt,  J.  C. 

McKee,  J.  W. 

Miller,  C.  W. 

Blacksburg  — 

Johnston,  R.  M. 

Port  Orchard  — 

Pratt,  F.  J. 

WISCONSIN 

Miller,  L.  B. 
Mueller,  H.  P. 
Noll,  W.  F. 
Page,  H.  W. 

East  Falls  Church  — 

Vaughan,  J.  G.,  Jr. 

Falls  Church  — 

Rogers,  C.  S. 

Fort  Belvoir  — 

Gault,  G.  W. 

Seattle— 

Beggs,  W.  E. 
Bouillon,  L. 
Clausen,  A.  H. 
Cox,  W.  W. 
.  Eastwood,  E.  O. 
Granston,  R.  O. 
Griffith,  H.  T, 
Hauan,  M.  J, 
Mallis,  W. 
May,  C.  W. 
Morse,  R.  D. 
Musgrave,  M.  N. 
O'Connell,  P.  M. 

Appleton  — 

Eisele,  D.  E. 

Clintonville  — 

Quail,  C.  0. 

Elm  Grove— 

Winkler,  R,  A. 

Kohler— 

Podolskc,  A.  R. 
Randolph,  C.  H. 
Reinke,  L.  F. 
Schreiber,  H.  W. 
Spence,  M.  R. 
Stevens,  W,  H. 
Swiaher,  S.  G,,  Jr. 
Szekely,  E. 
Thorn,  A.  J. 
Tutach,  R.  J. 
Volk,  G.  H. 
Volk,  J.  H. 
Weil,  F.  H.  E. 
Weimer,  F.  G. 
Werner,  P.  II. 

Fredericksburg— 

Delany,  J.  V. 

Front  Royal  — 

Peterson,  S.  D. 
Pollard,  A.  L. 
Sparks,  J.  D. 
Twist,  C.  F. 
Wallis,  W.  M. 
Watt,  R.  D. 

Hvosleff,  F.  W. 
Kohler,  W.  J.,  Jr. 

La  Crosse— 

Anderegg,  R.  H. 

Neenah  — 

Angermeyer,  A.  H. 
Eias,  R.  M. 
Harvey,  A.  D. 

Hartsook,  G.  S.,  Jr. 

Weber,  E.  L. 
Wesley,  R.  O. 

Atherton,  G.  R. 
Bowen,  J,  C. 

Racino— 

Zokelt,  C.  G. 

Pellmounter,  T.  V. 

Dixon  A.  G. 

Lynchburg  — 

Doering,  F.  L. 

Spokane  — 

Rowe,  W.  A. 
Sloane,  D. 

Thomas,  N.  A. 

May,  M.  F. 
Minkler,  W.  A. 

Franklin,  S.  H.,  Jr. 

Brown,  S.  D. 

Trane,  R.  N. 

Russell,  W.  B. 

South  Milwaukee— 

Norfolk— 

Madison  — 

Ouweneel,  W,  A. 

Huybert,  L.  E.,  Jr. 
Nowitzky,  H.  S. 
Thomas,  R.  C. 

Petersburg  — 

Ibison.  J.  L. 

Tacoma  — 

Chase,  R.  E. 
Foote,  E.  E. 
Norby,  K.  H. 
Spofforth,  W. 

Vancouver— 

Dean,  C.  L, 
Feirn,  W.  H. 
Hall,  G. 
Kliefoth,  M.  H. 
Larson,  G.  L. 
Nelson,  D.  W. 
Seymour,  J,  E. 
White,  J.  C, 

Thiensville— 

Trostel  0.  A. 

Wauwatosa  — 
Gifford,  E.  W. 

Alben,  E.  A. 

Portsmouth  — 

Stubbs,  W.  C. 

Yakima— 

Milwaukee— 

Alfery,  H.  F. 

Allan    W 

Whltefifth  Bay— 

Runge,  C.  H. 

Leichnitz,  R.  W. 

/xiian,  w  • 
Banks,  J.  B. 

McCune,  B.  V. 

Becker,  C.  S, 

ALASKA 

Richmond  — 

Boden/W.  F. 

Bahlmann,  W.  F. 

Bowers,  A.  F. 

Bernard,  E.  L. 
Carle,  W.  E. 

WEST  VIRGINIA 

Brown,  W.  H. 
Buller,  C,  R. 

Fairbanks  — 

Menden,  P.  J. 

Johnston,  J.  A. 

Cummiskey,  J.  F. 

Peebles,  J.  K.,  Jr. 

Cutler,  J.  A. 

Schulz,  H.  I. 

Charleston  — 

Davis,  D.  W.,  Jr. 

'p\_,_'       "rr    /rt 

PANAMA 

Pugh,  D.  C. 

uavis,  &.  JL  . 

triiin   TJ  xxf 

Roanoke  — 

Bailey,  A.  E.,  Jr. 
Bernert,  L.  A. 

Rosenblatt,  A.  M. 
Rothmann,  S.  C. 
Shanklin,  J.  A. 
Shearer,  W.  A.,  Jr. 

nilis,  ri.  w. 
Frentzel,  H,  C, 
Gerstenberger,  E,  J. 
Goldsmith,  F,  W. 
Griewisch,  A.  H. 

Canal  Zone  — 

Danielson,  W.  A. 

Nininger,  C.  H. 

Haerle,  R.  A. 

Williamsburg— 

Fairmont  — 

Tonry,  R.  C. 

Hamacher,  K.  F. 
Hamilton,  H.  S. 
Hanley,  E,  V. 

PHILIPPINE 
ISLANDS 

McGinnis,  F.  L. 

Wright,  C.  E. 

Haus,  I.  J. 
Hessler,  L.  W. 
Hoffmann,  A, 

Manila  — 

Windsor  — 

Huntington— 

Holland,  W.  T. 
Hughey,  T.  M. 

Grandia,  W.  M. 
Hausman,  L.  M. 

Bailey,  C.  F. 

Johnson,  L.  0. 

Jackson,  C.  H. 

Macrae,  R.  B. 
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DOMINION  OF 

Barnsley,  F.  R. 

Sackville,  N.  B.— 

Lawlor,  J.  J. 

CANADA 

Baxter,  W.  E. 

Rand,  F.  R. 

Ledgett,  F.  D. 

Becker,  S,  J, 

Leitch,  A.  S. 

T  r\r*\n     T?      M 

Brandon,  Man.  — 

Berridge,  W.  W. 
Boland,  R.  0. 
Chenevert,  J.  G. 

St.  Lambert,  P.  Q.— 

JL/OCJC,  ix.  n. 
Macdonald,  D.  J, 
Marriner,  J.  M.  S. 

Yates,  J.  E. 

Colle,  S.  S. 

Lefebvre,  E.  J. 

Mathison,  R.  S. 

Yates,  R.  A. 

Darling,  A.  B. 
Dufault,  F.  H, 

Maxwell,  R.  S. 
McKerlie,  J. 

Brantford,  Ont.  — 

Armour,  E.  G. 

Dykes,  J.  B, 

Ewens,  F.  G. 
Flanagan,  J.  B. 
Forrester,  N.  J. 

St.  Laurent,  Que.  — 

Standring,  R.  A. 
Tolhurst,  G.  C. 

McLaren,  T.  H, 
Moore,  F.  C. 
Moore,  H.  S. 
Morgan,  A,  S. 

Freeman,  E.  M. 

Murray,  H.  G.  S. 

Calgary,  Alta.  — 

Friedman,  F.  J. 
Garneau,  L. 

Sherbrooke,  P.  Q.  — 

Nearingburg,  A. 
Oke,  W.  C, 

Deeves,  E,  W. 
Jenkins,  S.  D. 

Hamlet,  F,  A. 
Hamlet,  T.  F. 

Archambault,  J,  A. 

O'Neill,  J.  W, 
Paul,  D.  I. 

Hughes,  W.  U. 

Labonne,  H, 

Philip,  W. 

Johnson,  C.  W. 

Playfair,  G.  A. 

Edmonton,  Alta.  — 

Keith,  J.  P. 

Price,  D.  O. 

Mould,  D.  E. 

Kitchen,  W.  H.  J. 

Thorold,  Ont.  — 

Ritchie,  A.  G, 

LaMontagne,  A.  F. 
LaRue,  J.  A,  D. 

Calnan,  E.  J, 

Roth,  H.  R, 
Shears,  M.  W. 

Flin  Flon,  Man.— 

Linton,  J.  P. 

Smith,  G,  E. 

Foster,  P.  H. 

Madely,  F.  J. 
Martin,  R, 

Three  Rivers,  P.  Q,  — 

Smith,  W.  H. 
Spall,  E.  G. 

Freeman,  Ont.  — 

Goodram,  W.  E. 

Milne,  A.  H. 
Morris,  J.  A. 
Nickle,  A.  J. 
Noyes,  R.  R, 
Peart,  A.  M. 

Germain,  O« 
Timmins,  Ont.  — 

Stencel,  R.  A, 
Stott.  D.  A. 
Sturdy,  O.  C. 
Tasker,  C. 
Thomas,  M.  F. 

Perras,  G.  E. 

Smith,  R.  J. 

Thomsen,  N.  B. 

Gait,  Ont.— 

Phipps,  F.  G. 

Waldon,  C.  D. 

Libby  R  S 

Plant,  E.  B. 

Wardell,  A. 

Sheldon,  W."  D,,  Jr. 

Robertson,  J.  A.  M. 
Roche,  I.  F. 

Toronto,  Ont.  — 

Wilier,  M.  D. 
Woollard,  M.  S. 

Ross,  J.  D. 

Abbott,  T,  J. 

Halifax,  Nova  Scotia- 
Goodman,  C.  E. 
Meagher,  A.  T. 

Sampson,  E,  T, 
Shaw,  J,  A. 
Ste.  Marie,  G.  P. 
Twizell,  E.  W. 

Alexander,  S.  W, 
Allcut,  E,  A, 
Allsop,  R.  P. 
Angus,  H.  H, 

Vancouver,  B.  C.™ 

Hale,  F.  J. 

Vollmann,  C.  W. 

Anthes,  L.  L. 

Johnston,  R.  E. 

Hamilton,  Ont.  — 

Walford,  L.  C.  A. 
Watts,  A.  E. 

Arrowsmith,  J.  0. 
Baker,  G.  R. 

Leek,  C.  W. 
Leek,  W. 

Dickenson,  M.  E. 
Moffat,  0.  G. 

Wiggs,  G.  L. 
Wilkinson,  A. 
Wormley,  R.  F. 

Bayles,  R.  W. 
Bishop,  J.  W. 
Blackball,  W.  R. 

Turland,  C,  H, 
Vissac,  G.  A, 

Worthingtori,  T.  H. 

Blizzard,  B.  C. 

Hampstead,  P.  Q.— 

Bowerman,  E.  L. 

Victoria,  B.  C.—  • 

Montgomery,  E.  G. 

Moosomin,  Sask.  — 

Bowes,  W.  H. 
Brittain,  A.,  Jr, 

Sheret,  A. 

Barton,  E,  H. 

Carter,  A.  W. 

Islington,  Ont.  — 

Wilson,  G.  T. 

Noranda,  P.  Q.— 

Chambers,  F,  W, 
Church,  H.  J, 
Clifton,  J.  A, 

Westmount,  P.  Q.— 

MacLean,  H,  A, 

Cole,  G.  E. 

Colford,  J. 

Davis,  E.  J. 

Kirkland,  Ont.— 

Arkley,  L.  M, 

Oakville,  Ont.  — 

Daynes,  J.  H, 
Dickey,  A,  J. 

Winnipeg,  Man.— 

Stott,  F.  W. 

Dickson,  G,  P. 
Dion,  A.  M. 

Anderson,  E. 

Kirkland  Lake,  Ont.- 
Calver,  R.  W. 

Kitchener,  Ont.  — 

Beavers,  G.  R. 
Pollack,  C.  A, 

Ottawa,  Ont.  — 

Allen,  A.  W, 
Colclough,  O,  T. 
Gray,  G.  A. 
Johns,  C.  F. 
McGrail,  T.  E. 
Pennock,  W.  B. 

Dowler,  E,  A. 
Duncan,  W.  A. 
Eaton,  W,  G.  M, 
Ellis,  F.  E. 
Fear,  S.  L, 
Fitzsimons,  J.  P. 
Foley,  J.  J. 
Fox,  E. 

Charles,  P.  L. 
Chester,  F.  L. 
Dahlgren,  G.  E, 
Davis,  G.  C. 
Glass,  W. 
Hepburn,  E.  M. 
Jones,  B,  G, 

Fox,  J.  H. 

Kent  R,  L. 

Leaside,  Ont.  — 

Norton,  J.  A, 

Outremont,  P.  0-  — 

Gittleson,  H. 
Osborne,  G.  H. 

Gauley,  E.  R. 
Givin,  A.  W. 
Gordon,  C.  W. 
Gurney,  E.  H. 
Gurney,  E,  R. 

Kipp,  T. 
McDonald,  I. 
Michie,  D.  F. 
Miller,  E.  R. 
Munn  E  F 

London,  Ont.  — 

Henion,  H.  D. 

Price,  E.  H. 

Gilbert,  T. 
O'Flaherty,  J.  G. 
Rogers,  T.  L.  C. 

Preston,  Ont.  — 

Everest,  R,  H. 
Wood,  A,  W. 

Hill,  H.  G. 
Hills,  A.  H. 
Hopper,  G.  H. 
Hughes,  L.  K. 
Jenkinson,  V.  J. 

Steele,  J.  B. 
Stephenson,  J.  R, 
Thompson,  F. 
Worton,  W. 

Montreal,  P.  0-  — 

Armstrong,  W.  J, 
Ballantyne,  G.  L. 

Quebec,  P.  0-  — 

Paquet,  J.  M. 
Roy,  L. 

Jenney,  H.  B. 
Jennings,  S.  A. 
Jones,  A.  T. 
Kelly,  W.  C. 

Woodstock,  Ont.— 

Karges,  A, 
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AUSTRALIA 

DENMARK 

Surrey— 

Casperd,  H.  W.  H. 
Faber,  O. 

Trowbridge— 

Haden,  W.  N. 

Warwickshire—- 
Mann, W.  N. 

Westminster  — 

Kraminsky,  V. 

FRANCE 

Boulogne  — 

Waudby,  W. 

Lyon—  • 

Goenaga,  R.  C. 

Paris— 

Bodmer,  E. 
Modiano,  R.  N. 
Nessi,  A. 

Sucy  en  Brie— 

Beaurrienne,  A, 

Vanves  — 

Ghilardi,  F. 

FRENCH  NORTH 
AFRICA 

Algiers  — 

Macherel,  F, 

GERMANY 

New  Delhi- 
Baker,  D.  L, 

IRELAND 

Kew— 

Davies,  R,  H. 

Melbourne  — 

Atherton,  A.  E. 
Bell,  S.  R. 
Ross,  R. 

Rose  Bay  — 

Robinson,  J.  A. 

Sydney  — 

Davey,  G.  I. 
Henderson,  A.  S. 
Moloney,  R.  R. 
Roseby,  T.  A. 
Sands,  C.  C. 

Watsons  Bay  — 

Picot,  J.  W. 

BELGIUM 

Copenhagen  — 

Reck,  W.  E. 
Schulein,  E.  H. 

EGYPT 

Cork- 
Barry,  P.  I. 

Dublin- 
Leonard,  L.  C.  G. 

ITALY 

Alexandria  — 

Tallianos,  P.  C. 

Cairo— 

Ezz-El-Din,  K. 
Tahry,  M.  E. 

ENGLAND 

Florence  — 

Scotti,F.D. 

Milan— 

Dell'Orto,  L. 
Gini,  A. 
Hauss,  C.  F. 
Marzorati,  G. 
Parrilli,  R. 

Torino— 

Baldi,  G. 

JAPAN 

Birmingham  — 

Richardson,  R.  D. 

Kent  — 

Figgis,  T.  G. 
Lipscombe,  H.  W,  J. 

Lancaster  — 

Bartley,  H.  E. 
Carter,  D. 

Leeds— 

Jennins,  H.  H. 

Liverpool— 

Thomas,  A.  E. 

London  — 

Bailey,  W.  M. 
Benham,  C.  S.  K. 
Bird,  G.  L.  H. 
Butt,  R.  E.  W. 
Daniel,  W.  E. 
Greenland,  S.  F. 
Haden,  G.  N. 
Herring,  E. 
Jackson,  G.  R. 
Morrison,  C.  B. 
Nobbs,  W.  W, 
Russell,  J.  N. 
Swain,  W.  L, 
Symonds,  E.  S. 
Troup,  J.  D. 
Wilson,  E.  D. 

Manchester  — 

Pougher,  B.  R.  E. 
Pougher,  E.  W. 
Webb,  J.  W. 
Yates,  W. 

Middlesex- 
Case,  W.  G. 
Fraser,  J.  J. 
MacLachlan,  V.  D. 

Nottingham  — 

Norfolk,  L.  W 

Brussels  — 

Lebrun,  P, 

BRAZIL 

Rio  de  Janeiro  — 

Botelho,  N.  J. 
De  Sales,  M.,  Jr. 

CHILE 

Santiago  — 

Demeter,  J. 

CHINA 

Shanghai- 
Bradford,  G.  G. 
Doughty,  C.  J. 
Gange,  F.  B. 
Hart-Baker.  H.  W. 
Hutchinson.  F.  A. 
Kwan,  I.  K. 
Loh.  N.  S. 
Loo,  P.  Y. 
Muckle,  J. 
Wong,  W.  S.  B. 

CUBA 

Osaka  — 

Fulcul,  K. 

Tokyo— 

Kitaura,  S. 
Saito,  S. 
Sekido,  K. 

MANCHOUKUO 

Berlin-Charlotten- 
hurg  — 

Brust,  O. 

Berlin-  Wilmersdorf- 

Schmidt,  E.  G. 

Stuttgart- 
Klein,  A.  R. 

INDIA 

Yamatoku  — 

Kawase,  S. 

MEXICO 

Mexico,  D.  F.— 

Gilfrin,  G.  F. 
Huber,  E. 
Martinez,  J,  J. 

NETHERLANDS 

Bombay  — 

Badhe,  J.  M. 
Duplant,  J.  L. 

Calcutta- 
Chose,  K.  N. 
Ghosh,  B.  B. 
Rachal,  J.  M. 

Amsterdam  — 

ter  Weeme,  A. 

Arahem—  — 
Tanger,  O.  C.  F 

Havana  — 

Colmenares,  G.  V. 
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NEW  ZEALAND 

ROUMANIA 

SPAIN 

Madrid— 

Alfageme,  B. 

STRAITS 
SETTLEMENTS 

Stockholm  — 

Eklund,  K.  G. 
Gille,  H.  B. 
Ostrom,  E.  W. 
Stromgren,  S,  G. 
Theorell.  A.  T. 
Theorell,  H.  G.  T. 

TURKEY 

Christchurch  — 

Taylor,  E.  M. 
Vale,  H.  A.  L. 

Dunedin  — 

Davies,  G.  W. 

NORWAY 

Oslo— 

Tjersland,  A. 

Stabekk— 

Alfaen,  N. 

Bucharest  — 

Wasser,  M. 

SOUTH  AFRICA 

Singapore  — 

Faxon,  H.  C. 
Hill,  C.  F. 

SWEDEN 

Nockeby— 

Erikson,  H.  A. 

South  Angby  — 
Rosell,  A.  F. 

Istanbul  — 

Karakash,  T.  J. 
Veglery,  A. 

VENEZUELA 

Cape  Town  — 

Ehlers,  J. 

Johannesburg  — 

Daitsh,  A. 
Overton,  S.  H. 
Rabe,  A.  E. 
vonChriatierson,  C.  A. 

Caracas  — 

Bias,  R.  J. 
Westendarp,  F.  G. 

PAST  OFFICERS 
AMERICAN  SOCIETY  of  HEATING  and  VENTILATING  ENGINEERS 


1894 

President Edward  P.  Bates 

1st  Vice-President Wm.  M.  Mackay 

2nd  Vice-President Wiltsie  F.  Wolfe 

3rd  Vice-President Chas.  S.  Onderdonk 

Treasurer Judson  A.  Goodrich 

Secretary L.  H.  Hart 

Board  of  Managers 

Chairman,  Fred  P,  Smith 
Henry  Adam?  A.  A.  Gary 

Hugh  J,  Barron  James  A.  Harding 

Edward  P.  Bates,  Pres.  L.  H.  Hart,  Secy. 

Council 

Chairman,  R.  C.  Carpenter 
Albert  A.  Cryer  Chas.  W.  Newton 

F.  W.  Foster  Ulysses  G.  Scollay,  Secy. 


1895 

President Stewart  A.  Jellett 

1st  Vice-President „ Wm.  M.  Mackay 

2nd  Vice-President Chas.  S.  Onderdonk 

3rd  Vice-President D.  M.  Quay 

Treasurer .,„ Judson  A.  Goodrich 

Secretary L.  H.  Hart 

Board  of  Managers 

Chairman,  James  A.  Harding 
Geo.  B.  Cobb  Ulysses  G.  Scollay 

Wm.  McMannis  B,  F.  Stangland 

Stewart  A.  Jellett,  Pres.  L.  H.  Hart,  Secy. 

Council 

Chairman,  R.  C.  Carpenter 
Henry  Adams  T.  J.  Waters 

Edward  P.  Bates  Albert  A.  Cryer,  Secy. 


1896 
President 

1st  Vice-President 

2nd  Vice-President.. 
Srd  Vice-President.. 
Treasurer 


,.„ R.  C.  Carpenter 

....D.  M.  Quay 

Jward  P,  Bates 

,.._ F.  W.  Foster 

.Judson  A.  Goodrich 


Secretary L.  H.  Hart 

Board  of  Managers 

Chairman,  Wm.  M.  Mackay 
Hugh  J,  Barron  Stewart  A.  Jellett 

W.  S.  Hadaway,  Jr.  Wiltsie  F,  Wolfe 

R.  C.  Carpenter,  Pres.  L.  H.  Hart,  Secy. 


Albert  A.  Cryer 
Wm.  McMannis 


Council 

Chairman,  A.  A.  Gary 


B.  F.  Stangland 

J.  J.  Blackmore,  Secy. 


President 

1st  Vice-President , 

2nd  Vice-President 

3rd  Vice-President 

Treasurer 

Secretary 


1897 


...Wm.  M.  Mackay 

H.  D.  Crane 

Henry  Adams 

...A.  E.  Kenrick 


Judson  A.  Goodrich 

...H.  M.  Swetland 


Board  of  Managers 

Chairman,  R.  C.  Carpenter 
Edward  P.  Bates  Stewart  A.  Jellett 

W.  S.  Hadaway,  Jr.  Wiltsie  F.  Wolfe 

Wm.  M.  Mackay,  Pres,        H.  M.  Swetland,  Secy. 

Council 

Chairman,  Albert  A.  Cryer 
John  A.  Fish  James  Mackay 

Wm.  McMannis  B.  F.  Stangland 


1898 

President Wiltsie  F.  Wolfe 

1st  Vice-President J.  H.  Kinealy 

2nd  Vice-President A.  E.  Kenrick 

Srd  Vice-President.. John  A.  Fish 

Treasurer Judson  A.  Goodrich 

Secretary Stewart  A.  Jellett 

Board  of  Managers 

Chairman,  Wm.  M.  Mackay 
Thomas  Barwick  A.  C,  Mott 

John  A.  Connolly  Francis  A.  Williams 

Wiltsie  F.  Wolfe,  Pres.       Stewart  A.  Jellett,  Secy. 

Council 

Chairman,  R.  C.  Carpenter 
Henry  Adams  W.  S.  Hadaway,  Jr. 

Albert  A.  Cryer  Wm.  McMannis 

Wiltsie  F.  Wolfe.  Pres.       Stewart  A.  Jellett,  Secy, 


1899 

President Henry  Adams 

1st  Vice-President D.  M.  Quay 

$nd  Vice-President A.  E.  Kenrick 

Srd  Vice-President Francis  A.  Williams 

Treasurer Judson  A .  Goodrich 

Secretary - Wm.  M .  Mackay 

Board  of  Managers 

Chairman,  Stewart  A.  Jellett 
B.  H.  Carpenter  Wm.  Kent 

A.  A.  Gary  Wiltsie  F.  Wolfe 

Henry  Adams,  Pres.  Wm.  M.  Mackay,  Secy. 

Council 

Chairman,  R.  C.  Carpenter 
John  Gormly  Wm.  McMannis 

W.  S.  Hadaway,  Jr.  B.  F.  Stangland 

Henry  Adams,  Pres.  Wm.  M.  Mackay,  Secy. 


President 

1st  Vice-President 

&nd  Vice-President.,.. 

Treasurer 

Secretary 


1900 

D.  M.  Quay 

A.  E.  Kenrick 

Francis  A.  Williams 

Judson  A.  Goodrich 

Wm.  M.  Mackay 


Wm.  Kent,  Vice-Chm. 
R.  C.  Carpenter 
John  Gormly 


Board  of  Governors 

Chairman,  D.  M.  Quay 

"      "  D.  M.  Nesbit 


C.  B.  J.  Snyder 

Wm.  M.  Mackay,  Secy. 


1901 

President J.  H.  Kinealy 

1st  Vice-President A.  E.  Kenrick 

2nd  Vice-President. Andrew  Harvey 

Treasurer Judson  A.  Goodrich 

Secretary Wm.  M .  Mackay 

Board  of  Governors 

Chairman,  J.  H.  Kinealy 
Wm.  Kent,  Vice^Chm.        John  Gormly 
R.  C.  Carpenter  C.  B.  J.  Snyder 

R.  P.  Bolton  Wm.  M.  Mackay,  Secy. 
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President  , 

1912 
John  R.  Allen 

1917 
President  — 

1st  Vice-president 

J.  Irvine  Lyle 
.Arthur  K.  Ohmea 

1st  V  ice-President.... 
gnd  Vice-President  

John  F.  Hale 
Edmund  F.  Capron 
James  A.  Donnelly 
.Win.  W.  Macon 

2nd  Vice-President.      
Treasurer                 +  ^u,...,  —  ,-r 

...Fred  R.  Still 
Homer  Addama 

Secretary  

Secretary  

Casin  W.  Obert 

Board  of  Governors 

Chairman,  John  R.  Allen 

John  F.  Hale,  Vice-Chm.       Dwight  D.  Kimball 
Edmund  F.  Capron  Samuel  R.  Lewis 

R.  P.  Bolton  Wm.  M.  Mackay 

Jas.  D.  Hoffman  Wm.  W.  Macon,  Secy. 


Council 

Chairman,  J.  Irvine  Lyle 
A.  K.  Ohmea,  Vice-Chm.        Harry  M.  Hart 
Homer  Addams  E.  Vernon  Hill 

Davis  S.  Boyden  James  M.  Stannard 

Bert  C.  Davis  Fred  R.  Still 

Milton  W.  Franklin  Walter  S.  Timmia 

Charles  A.  Fuller  Casin  W.  Obert,  Secy. 


President  

1913 

John  F.  Hale 

Fred  R.  Still 

1918 
President  

£nd  Vice-President  
Treasurer.  .  .... 

...Edmund  F.  Capron 
James  A.  Donnelly 

1  st  Vice-President  ... 
2nd  Vice-President.    
Treasurer  _......  ..................... 

Walter  S.  Timmia 
E.  Vernon  Hill 
Homer  Addama 

Secretary  

.....  ..Edwin  A.  Scott 

Secretary  

Casin  W.  Obert 

Board  of  Governors 

Chairman,  John  F.  Hale 

A.  B.  Franklin,  Vice-Chm.  James  A.  Donnelly 

John  R.  Allen  Dwight  D.  Kimball 

Edmund  F.  Capron  Wm.  W.  Macon 

R.  P.  Bolton  James  M.  Stannard 

Frank  T.  Chapman  Theodore  Weinshank 

Ralph  Collamore  Edwin  A.  Scott,  Secy. 


1914 

1919 
President  V^ 

1st  Vice-President  . 

Edmund  F.  Capron 

1st  Vice-President.  —  
2nd  Vice-President  Mil 

£nd  Vice-President  
Treasurer.  

Dwight  D.  Kimball 
.  James  A.  Donnelly 

Secretary  .  .  

..  J.  J.  Blackmore 

Secretary  „._........ 

Council 

Chairman,  Samuel  R.  Lewis 

E.  F.  Capron,  Vice-Chm.  John  F.  Hale 

Dwight  D.  Kimball  Harry  M.  Hart 

John  R.  Allen  Frank  G.  McCann 

Frank  T.  Chapman  Wm.  W.  Macon 

Frank  I.  Cooper  James  M.  Stannard 

James  A.  Donnelly  J.  J.  Blackmore,  Secy. 


President. 


Treasurer. 


Council 

Chairman,  Dwight  D.  Kimball 
Harry  M.  Hart.  Vice-Chm.    Samuel  R.  Lewis 
Homer  Addams  Frank  G.  McCann 

Frank  T.  Chapman  J.  T.  J.  Mellon 

Frank  I.  Cooper  Henry  C.  Meyer,  Jr. 

E.  Vernon  Hill  Arthur  K.  Ohmes 

Wm.  M.  Kingsbury  J.  J.  Blackmore,  Secy. 


Council 

Chairman.  Fred  R.  Still 
W.  S.  Timmis,  Vice-Chm.      J,  Irvine  Lyle 
Homer  Addams  E.  Vernon  Hill 

William  H.  Driscoll  Frank  G.  Phegley 

Howard  H.  Fielding  Fred.  W,  Powers 

H.  P.  Gant  Champlain  L.  Riley 

C.  W.  Kimball  Casin  W.  Obert,  Secy. 


.Walter  S.  Timmia 

E.  Vernon  Hill 

iilton  W.  Franklin 
...Homer  Addama 
...Casin  W.  Obert 

Council 

Chairman,  Walter  S.  Timmis 
E,  Vernon  Hill,  Vice-Chm,     Frank  G.  Phegley 
Homer  Addams  Fred,  W.  Powers 

Howard  H.  Fielding  Robt.  W.  Pryor,  Jr. 

Milton  W.  Franklin  Champlain  L.  Riley 

Harry  E.  Gerrish  Fred  R.  Still 

George  B.  Nichols  Casin  W.  Obert,  Secy. 


19.20 


ivio 
*.„..   Dwight  D.  Kimball 

President  „ 

„_.,„..  E.  Vernon  Hill 

1st  Vice-President 

Champlain  L  Riley 

President  Harry  M.  Hart 

2nd  Vice-President 

Jay  R.  McColl 

^-President.  Frank  T.  Chapman 

Treasurer 

.  Homer  Addama 
Casin  W  Obert 

r._,  ..          ...  Homer  Addams 

f  J.  J.  Blackmore 

y       -     .    ........ 

Chairman,  E.  Vernon  Hill 

C.  L,  Riley,  Vice-Chm.  Jay  R.  McColl 

Homer  Addams  George  B.  Nichols 

Jos.  A.  Cutler  Robt.  W,  Pryor,  Jr. 

Wm.  H.  Driscoll  W.  S.  Timmia 

A.  C.  Edgar  Perry  West 

Alfred  Kellogg  Casin  W,  Obert,  Secy. 


President 

1st  Vice-President 

Snd  Vice-President^.. 

Treasurer. 

Secretary 


1916 


.Harry  M.  Hart       President 


1921 


».Frank  T.  Chapman 
..-.Arthur  K.  Ohmes 

Homer  Addams 

Caain  W.  Obert 


Council 

Chairman,  Harry  M.  Hart 

F.  T.  Chapman,  Vice-Chm.    Dwight  D.  Kimball 
Homer  Addams  Henry  C.  Meyer,  Jr. 

Charles  R.  Bishop  Arthur  K.  Ohmes 

Frank  I.  Cooper  Fred  R.  Still 

Milton  W.  Franklin  Walter  S.  Timmis 

E.  Veraon  Hill  Casin  W.  Obert,  Secy. 


1st  Vice-President 

$nd  Vice-president 

Treasurer. 

Secretary 


Champlain  L,  Riley 

Jay  R.  McColl 

H.  P.  Gant 

...Homer  Addams 
..Casin  W.  Obert 


Council 

Chairman,  Champlain  L.  Riley 
Jay  R.  McColl,  Vice-Chm.  E.  S.  Hallett 
Homer  Addams  E.  Vernon  Hill 

Jos.  A.  Cutler  Alfred  Kellogg 

Samuel  E.  Dibble  E.  E.  McNair 

Wm.  H.  Driscoll  Perry  West 

H.  P.  Gant  Casin  W.  Obert,  Secy. 


ROLL  OF  MEMBERSHIP 

1922 
President  Jay  R.  McColl 

1927 
President  F.  Paul  Anderson 

1st  Vice-President  ...  ..  „  H.  P.  Gant 

1st  Vice-president  A.  C,  Willard 

2nd  Vice-President  „  Samuel  E.  Dibble 

2nd  Vice-President  .....  Thornton  Lewis 

Treasurer.  Homer  Addams 
Secretary  Caain  W.  Obert 

Treasurer.—  W.  E.  Gillham 

Secretary  A.  V.  Hutchinaon 

Council 

Chairman,  Jay  R.  McColl 
H.  P.  Gant,  Vice-Chm.          L.  A.  Harding 
Homer  Addams                     E,  E.  McNair 
Joa.  A.  Cutler                       H.  J.  Meyer 
Samuel  E,  Dibble                 C.  L.  Riley 
Wm.  H.  Driacoll                    Perry  West 
E.  S.  Hallett                           Caain  W.  Obert,  Secy. 

Council 

Chairman,  F.  Paul  Anderson 
A.  C.  Willard,  Vice-Chm.             John  Howatt 
H.  H.  Angua                                W.  T.  Jones 
W.  H.  Carrier                               i.  J.  Kissick 
W.  H.  Driscoll                             E,  B.  Langenberg 
Roswell  Farnham                        Thornton  Lewis 
H.  H.  Fielding                              J.  F.  Mclntire 
W.  E.  Gillham                               H.  Lee  Moore 
C.  V.  Haynes                               F.  B.  Rowley 

1923 
President.  H.  P.  Gant 
1  st  Vice-President  —  Homer  Addams 
2nd  Vice-President  E.  E.  McNair 
Treasurer  Wm.  H.  Driacoll 
Secretary  Casin  W.  Obert 

Council 

Chairman,  H.  P.  Gant 
Homer  Addams,  Vice-Chm.            E.  S.  Hallett 
W.  H,  Carrier                               Alfred  Kellogg 
T.  A.  Cutler                                    Thornton  Lewis 
S.  E,  Dibble                                 E,  E.  McNair 
Wra,  H.  Driscoll                             Perry  West 
Caain  W.  Obert,  Secy. 

1928 
President                         A.  C.  Willard 

1st  Vice-President  Thornton  Lewis 
2nd  Vice-President  L.  A.  Harding 

Treasurer.  W.  E.  Gill  ham 
Secretary     -  A.  V.  Hutchinaon 

Council 

Chairman,  A.  C.  Willard 
Thornton  Lewis,  Vice-Chm.          C.  V.  Haynes 
F.  Paul  Anderson                       John  Howatt 
H.  H,  Angus                                W,  T.  Jones 
W.  H.  Carrier                               J.  J.  Kissick 
N,  W.  Downes                             E.  B.  Langenberg 
Roswell  Farnham                        J.  F.  Mclntire 
W.  E.  Gillham                              H.  Lee  Moore 
F.  B.  Rowley 

1929 
President  .Thornton  Lewis 
1st  Vice-President           L.  A.  Harding 

1924 
President  ............................Homer  Addanw 

1st  Vice-President  „..„  „  S.  E.  Dibble 

2nd  Vice-president  William  H.  Driscoll 
Treasurer.    ~  .„.....*  -.  Perry  West 

Secretary..  ,  F.  C.  Houghten 
Council 
Chairman,  Homer  Addams 
S.  E.  DIbbk,  Vice-Chm,        W.  E.  GUlhara 
F.  Paul  Anderson                 t.  A,  Harding 
W,  H.  Carrier                       Alfred  Kellogg 
j.  A.  Cutler                         Thornton  Lewis 
William  H.  Driscoll               Perry  West 
H,  P,  Gant                            F.  C,  Houghten,  Secy. 

2nd  Vice-president  W.  H.  Carrier 

Treasurer               -  W.  E.  Gillham 

Secretary  —  A.  V.  Hutchinson 

Technical  Secretary  P.  D.  Close 
Council 

Chairman,  Thornton  Lewis 
L.  A.  Harding,  Vice-Chm.            John  Howatt 
H.  H.  Angus                              w.  T,  Jones 
W,  H.  Carrier                              E,  B.  Langenberg 
N.W,  Downes                            g.  L.  La  rson 
Roswell  Farnham                         F,  C.  Mclntosh 
W,  E,  Gillham                            W.  A.  Rowe 
C.  V.  Haynes                           ,  F,  B.  Rowley 
A.  C,  WlUard 

1925 

President  —  S.  E.  Dibble 
1st  Vice-President  Wm,  H.  Drlacoll 

2nd  Vice*Pf«$id6nt  F.  Paul  Anderson 

Treasurer.*,*.-  «...  ..*.*.  Perry  West 

Secretary  ....  —  F.  C.  Houghten 
Council 
Chairman,  S.  E,  Dibble 

Homer  Addama  Thornton  Lewis 

F,  Paul  Anderson  J.  H.  Walker 

W.  H.  Carrier  Perry  West 

T.  A.  Cutler  A.  C,  Willard 

w,  B.  Gillham  F.  C.  Houghten,  Secy. 


1930 


President , 

1st  Vice-President 

2nd  Vice-President 

Treasurer.^ — 
Secretary,*.* 


1926 


...W,  H,  Drlscoll 
.  Paul  Anderson 
A,  C.  Willard 
_.  E.  Gillham 
\.  V.  Hutchlmon 


President 

1  si  Vice-President.... 
2nd  Vice-President... 
Treasurer,.. 

Secretary.,.* - 

Technical  Secretary — 


,..L.  A.  Harding 
...W,  H.  Carrier 
....F.  B.  Rowley 

C.  W.  Farrar 

..A.  V.  Hutchinson 
P.  D.  Close 


Council 

Chairman,  W,  H.  Driscoll 
F.  Paul  Anderson,  Vice-Chm,       C.  V.  Haynes 
W,  H,  Carrier  ""    ~ 

J,  A.  Cutler 
S,  E.  Dibble 


W.  E.  Gillham 


A.  C.  WJUlard 


W.  T.  Jones 
E.  B*  Lanffcnberg 
Thornton  Lewis 
J.  F.  Mclntire 


Council 

Chairman,  L.  A,  Harding 

W.  H.  Carrier,  Vice-Chm.  John  Howatt 

H.  H.  Angus  W.  T.  Jones 

D,  S.  Boyden  B.  B.  Langenberg, 

R.  H.  Carpenter  G.  L.  Larson 

J  D  Casaell  Thornton  Lewis 

N.  W.  Downes  F.  C.  Mclntosh 

Roswell  Farnham  w<A,?-owe 

C.  W.  Farrar  F.  B.  Rowley 
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1931 

President                                             W.  H.  Carrier 

1936 
President  „  G,  L.  Larson 

1st  V  ice-President.  F.  B.  Rowley 
Snd  Vice-President                               ...W.  T.  Jones 

1st  Vice-President.-  D.  S.  Boyden 
2nd  Vice-President.  E.  H.  Gurney 
Treasurer  A.  J,  Offner 
Secretary             A.  V.  Hutchinson 

Treasurer                         F.  D,  Mensing 

Secretary                                  ...     A.  V.  Hutchinson 

Technical  Secretary  P.  D.  Close 
Council 

Chairman,  W.  H.  Carrier 
F.  B.  Rowley,  Vice-Chm.               L.  A,  Harding 
D,  S.  Boyden                                John  Howatt 
E.  K,  Campbell                             W.  T.  Jones 
R.  H.  Carpenter                           E.  B.  Langenberg 
J.  D.  Cassell                                  G.  L.  Larson 
E.  O.  Eastwood                            F,  C.  Mclntosh 
Roswell  Farnham                          F,  D.  Mensing 
E.  H.  Gurney                                W.  A.  Rowe 

Council 

Chairman,  G.  L.  Larson 
D.  S.  Boyden,  Vice-Chm.             John  Howatt 
M.  C.  Beman                              C.  M,  Humphreys 
R.  C.  Bolsinger                          L,  Walter  Moon 
Albert  Buenger                           J-  F.  Mclntire 
S.  H.  Downs                                  A.  J.  Offner 
W.  L.  Fleisher                              0.  W.  Ott 
F,  E,  Giesecke                            W,  A,  Russell 
E,  H.  Gurney                              W,  E.  Stark 

1937 
President                   EX  S,  Boyden 

1932 
President  F.  B.  Rowley 
1st  Vice-President.^  W.  T.  Jones 
2nd  Vice-President,!.  C.  V.  Haynes 
Treasurer.-  F.  D.  Mensing 
Secretary  .'.  A.  V,  Hutchinson 
Technical  Secretary  P.  D.  Close 
Council 
Chairman  ,  F.  B.  Rowley 
W.  T.  Jones,  Vice-Chm.                     F.  E.  Giesecke 
D.  S.  Boyden                                     E.  H.  Gurney 
E.  K,  Campbell                                C.  V,  Haynes 
R.  H.  Carpenter                                 John  Howatt 
W.  H.  Carrier                                     G.  L.  Larson 
John  D.  Cassell                                   J.  F.  Mclntire 
E,  0.  Eastwood                                  F.  D.  Mensing 
Roswell  Farnham                               W.  E.  Stark 

1st  Vice-President  E.  Holt  Gurney 
2nd  Vice-President  J.  F.  Mclntire 
Treasurer  ..A.  J.  Offner 
Secretary  A.  V.  Hutchinson 
Council 
Chairman,  D,  S,  Boyden 
E.  H,  Gurney,  Vice-Chm.            B.  0.  Eastwood 
J.  J.  Aeberly                              W.  L.  Fleisher 
M.  C.  Beman                              F.  E.  Gieaecke 
R,  C.  Bolsinger                           C.  M.  Humphreys 
Albert  Buenger                          G.  L,  Laraon 
S.  H.  Downs                                W  A.  Russell 
W.  E.  Stark 

1938 
President  E,  Holt  Gurney 
1st  V'ice-President                               T   F  Mclntire 

1933 

President...                  „                              W.  T.  Jones 

%nd  Vice-President  F.  E.  Giesecke 
Treasurer                                              A,  J  Offner 

1st  Vice-President  C,  V.  Haynes 
2nd  Vice-President  John  Howatt 

Secretary  ...A.  V.  Hutchinson 

Technical  Secretary    .                     ..       John  James 

Treasurer...,  .D.  S.  Boyden 
Secretary.^  A,  V.  Hutchinson 
Council 

Chairman,  W.  T.  Jones 
C,  V.  Haynes,  Vice-Chm.                 E.  H.  Gurney 
D.  S.  Boyden                                   John  Howatt 
E.  K.  Campbell                                 G.  L.  Larson 
R.  H.  Carpenter                               J.  F.  Mclntire 
kD,  Cassell                                    F.  C.  Mclntoah 
0,  Eastwood                                 L.  W.  Moon 
R.  Farnham                                      F.  B.  Rowley 
F.  E.  Giesecke                                  W.  E.  Stark 

Council 

Chairman*  E.  Holt  Gurney 
J.  F.  Mclntire,  Vice-Chm,           W.  L,  Fleisher 
N,  D,  Adams                              F,  E,  Gieaecke 
J.  J,  Aeberly                              C,  M.  Humphreys 
M,  C.  Beman                             A.  P.  Krate 
R,  C.  Bolsinger                           A,  J.  Offner 
D.  S.  Boyden                               W.  A.  Russell 
S.  H.  Downs                                J.  H,  Walker 
E.  0.  Eastwood                            G.  L,  Wigw 

1939 

President  ..     .....                     ,  J.  F.  Mclntire 

1934 
President  C.  V.  Haynea 
1st  Vice-President  John  Howatt 
2nd  Vice-President  G.  L.  Larson 

1st  Vice-president                              F.  E.  Gfcaecke 

2nd  Vice-President.....  ,..,.  W,  L,  Fleieher 
Treasurer  M,  F,  Blankin 

Treasurer  —  D.  S.  Boyden 
Secretary..  A.  V.  Hutchinaon 
Council 

Chairman,  C.  V.  Haynes 
John  Howatt,  Vice-Chm.                 W.  T.  Jones 
M.  C.  Beman                                   G.  L.  Larson 
D.  S.  Boyden                                  J.  F,  Mclntire 
Albert  Buenger                                F.  C.  Mclntosh 
R.  H.  Carpenter                              L.  Walter  Moon 
J.  D.  Cassell                                    O.  W.  Ott 
F.  E,  Giesecke                                W,  A.  Russell 
E.  H.  Gurney                                W.  E.  Stark 

Technical  Secretary  „  .John  James 
Council 
Chairman,  J,  F,  Mclntire 
F,  E,  Giesecke,  Vice-Chm.                W.  L.  Fleisher 
N,  D.  Adams                                    E.  H.  Gurney 
J,  J.  Aeberly                                   A.  P.  Kratz 
M.  C.  Beman                                   A,  J.  Offner 
M,  F.  Blankin                                   W.  A,  Russell 
E,  K.  Campbell                                G,  L.  Tuve 
S.  H.  Downs                                      J,  H,  Walker 
E.  O.  Eastwood                                 G.  L.  Wiggs 

1935 

President                                              John  Howatt 

1940 
President  ,  ,.  F,  E,  Giesecke 

1st  Vice-President  .t  G.  L,  Larson 
£nd  Vice-President                                D  S  Boyden 

1st  Vice-President  ,  .W,  L,  Fleisher 
$nd  Vice-President  ....E.  0.  Eastwood 

Treasurer                                                A  J  Offner 

Treasurer  M,  F.  Blankin 

Secretary                                       A  V  Hutchinson 

Secretary  .,  A,  V,  Hutchinson 

Council 

Chairman,  John  Howatt 
G.  L,  Larson,  Vice-Chm.                 C.  V.  Haynes 
M.  C.  Beman                                 J.  F.  Mclntire 
D.  S.  Boyden                                  F.  C.  Mclntosh 
Albert  Buenger                                L.  Walter  Moon 
R.  H.  Carpenter                             A.  J.  Offner 
J.  D.  Cassell                                     O,  W.  Ott 
F.  E.  Giesecke                                 W.  A.  Rusaell 
E,  H.  Gurney                                  W.  E.  Stark 

Technical  Secretary..  <           .       John  James 

Council 

Chairman,  F,  E.  Giescckc 
W,  L.  Fleisher,  Vice-Chm.           J,  F.  Mclntire 
N.  D.  Adams                               A,  J,  Offner 
E,  K.  Campbell                          G,  L,  Tuve 
J.  F.  S,  Collins,  Jr.                     T.  H.  Urdahl 
S.  H.  Downs                                J.  H.  Walker 
A,  P.  Krate                                  G.  L,  Wiggs 
E,  N.  McDonnell                         C.-E.  A.  Winslow 
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